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PREFACE
Photon Factoiy Activity Report #12 deals with our activities in the period from October 1993 through
September 1994.
We operate two light sources at the Photon Factory; the 2.5-GeV Photon Factory storage ring, which
is a dedicated light source, and the 6.5-GeV TRISTAN Accumulation Ring, which is parasitically used as a
light source. We keep more than seventy experimental stations at two facilities, and accept experiments
primarily according to approval by the Program Advisory Committee. The number of proposals to the
Photon Factory has been still growing. Three-hundred eighty two proposals were approved by the PAC in
FY1994, which is an increase by thirteen percent compared to the previous year. Remarkable was growth
in biology proposals, particularly proposals in protein crystallography. In FY1994, we accepted
approximately 20,000 man-days as general users, and almost ten percent of them were from abroad. We
always open the facility to users, not only domestic but also international.
Recently we have been concentrating our effort to upgrading of the light sources and reconstruction of
the experimental stations to keep the Photon Factory an attractive research facility in the forthcoming years.
We have already started a program of reducing the emittance of the 2.5-GeV storage ring, which now
operates with an emittance of 110 nm-rad, to 27 nm-rad by modifying the lattice, with the goal of operation
at the reduced emittance in the fall of 1997.
We also have conceived of a conversion of the TRISTAN Accumulation Ring to a dedicated light
source of high energies. The on-going TRISTAN project will terminate by the end of 1995, and the
TRISTAN Main Ring will be converted to a new B-Factory. At this moment, the TRISTAN Accumulation
Ring will be disused as the injector to the Main Ring, and conversion of the AR to a dedicated light source
becomes possible.
Reconstruction of the experimental stations is also of primary importance. Scrap-and-build of old
beamlines has been continually pursued, as we will describe in the text. A plan has been seriously
considered to implement third protein crystallography station in collaboration with Tsukuba Advanced
Research Alliance (TARA) of Tsukuba University. So far, since the beginning of the Photon Factory
history, we have collaborated with other institutions; universities, national institutes and private companies,
in order to facilitate implementation of experimental stations. We are confident much more of the
importance of collaboration with other institutions to form strong research groups for advanced study.
The former Director of the Photon Factory, Professor Hiroshi Iwasaki ended his term of office on
March 31, 1994. Professor Iwasaki joined the Photon Factory in 1986 and, after five-year service as Head
of Instrumentation Division, became the Director of the Photon Factory in April,1991. We all thank him
for his leadership and enthusiasm for science during his office.

Motohiro Kihara
Director, Photon Factoiy

Editorial Board
HYODO, Kazuyuki
KASUGA, Toshio
NAKAMURA, Norio
NASU, Keiichiro*
SAITO, Yoshio
SHIMOMURA, Osamu
YAMAMOTO, Shigeru
(*Chief editor)

Acknowledgments
The editors would like to thank Ms. Miyako Kimura and Sumie Imai tor their help
in editing this issue.

KEK Progress Report 95-1 A/M
© National Laboratory for High Energy Physics, 1995
KEK Reports are available from:
Technical Information & Library
National Laboratory for High Energy Physics
1-1 Oho, Tsukuba-shi
Ibaraki-ken, 305
JAPAN
Phone:
Fax:
e-mail:
Telex:

+81-298-64-1171
+81-298-64-4604
LIBRARY©KEKVAX.KEK.JP
3652-534
(Domestic)
(0)3562-534 (International)
Cable: KEKOHO

CONTENTS
Page
PREFACE
CONTENTS

G- 1

OUTLINE OF THE PHOTON FACTORY

G- 2

INTRODUCTION

I - 1

SCIENTIFIC DISCIPLINES

A. Introduction
B. Theoretical Researches
C. Atomic and Molecular Science
D. VUV and Soft X-ray Spectroscopy of Solids
E. X-ray Scattering Spectroscopy of Magnetic Materials
F. Structural Properties of Condensed Matters
G. Properties of Solid Surfaces and Adsorbates
H. Structures and Functions of Proteins
I. Radiobiology Using Synchrotron Radiation
J. X-ray Microbeams and X-ray Microscopy

S —1
S —1
S —6
S — 11
S —17
S — 20
S —26
S — 29
S — 33
S —38

EXPERIMENTAL FACILITIES

A. Beamlines
B. New Instrumentation

E —1
E —6

ACCELERATOR OPERATIONS, RESEARCHES AND DEVELOPMENTS

A. Injector Linac
B. PF Storage Ring
C. Tristan Accumulation Ring

A—1
A —2
A — 17

PROJECTS

A. The Tristan Super Light Facility
B. VUV-FEL
C. KEKB
D. Slow-Positron Source

P
P
P
P

—1
-20
-23
— 30

COLLABORATIONS

A. Introduction
B. Research Center for Spectrochemistry, Univ. of Tokyo
C. Synchrotron Radiation Laboratory,
Institute for Solid State Physics, Univ. of Tokyo
D. Other Ministries
E. Industry Beamlines
F. The Australian National Beamline Facility

C —1
C —1
C—3
C —6
C —9
C — 11

USERS' SHORT REPORTS

Contents
Users' Short Reports
Author Index

i
1
400

LIST OF PUBLISHED PAPERS 1993/94

G- 1

OUTLINE OF THE PHOTON FACTORY
INTRODUCTION

ORGANIZATION AND STAFF

The Photon Factory (PF) is a national synchrotron
radiation research facility affiliated with the National
Laboratory for High Energy Physics (KEK) supervised
by the Ministry of Education, Science and Culture. It
is located at the northern end of Tsukuba Science City,
which is about 60 km north-east of Tokyo. The PF
consists of a 2.5-GeV electron/positron linear
accelerator, a 2.5-GeV electron/positron storage ring as
a dedicated light source, TRISTAN accumulation ring
as a parasitic light source and beamlines and
experimental stations for exploiting synchrotron
radiation in studies involving such research fields as
physics, chemistry, biology, medical sciences,
pharmacology, earth sciences and lithography. All of
the facilities for synchrotron radiation research are
open to scientists of universities and research institutes
belonging to the government, public organizations,
private enterprises and those of foreign countries. The
members of institutions affiliated with the Ministry of
Education, Science and Culture are given the highest
priority among all users. Applications from other
organizations are also admitted.

The organization of KEK is shown in Fig. 2. The
PF is composed of three divisions: Injector Linac,
Light Source and Instrumentation. A working group
has been organized for the design study of the use of
the TRISTAN Main Ring for synchrotron radiation
science. The organization of the PF including its
personnel is shown in Fig. 3. The Advisory Council
for the PF was established to discuss scientific
programs and management of the PF. The council
consists of twenty one senior scientists including ten
non-KEK members (Table la and lb). The term of
membership is two years. The Program Advisory
Committee (PAC) consisting of the members listed in
Table 2a and 2b receives proposals of users and
decides priorities for the experiments.
In Table 3 the names of the staff members are
listed in alphabetical order to help make direct contact.
Also, the numbers of staff members and visiting
scientists are summarized in Table 4.

BUDGET AND OPERATION
TIME
OVERVIEW OF THE FACILITY
The plan view of the facility is shown in Fig. 1.
The 2.5-GeV Hnac housed in a 450 m long enclosure is
used as an injector for both the PF storage ring and the
accumulation ring (AR) of TRISTAN main ring. The
PF storage ring was already equipped with the
flexibility of storing positrons in place of electrons. A
part of the AR has been used as a high energy
synchrotron radiation source producing radiation from
its bending magnet and two insertion devices. One of
the insertion devices produces elliptically polarized
radiation, and the other highly brilliant radiation in the
X-ray region. The AR has been operated for
synchrotron radiation users with an energy range from
5.8 to 6.5 GeV.

G-2

The budget of the PF is supplied by the Ministry of
Education, Science and Culture. The annual budget
after commissioning of the facilities is shown in Table
5. The numbers of beam channels in each year are
shown in Table 6.
The machine operation time is divided into three
terms per year. Summary and timetable of the machine
operation in FY 1994 are shown in Tables 7 and 8,
respectively.
In Table 9, we have shown the total number of
proposals approved by the aforementioned PAC.

SR Lab. Area

TRISTAN
MR

Linear
Accelerator

Positron
Generator
\

Fig. 1 Plan view of the Photon Factory
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Administration Department
T. Kobayashi
Plant Engineering Department
H. Endo
Board of
Councilors

Engineering & Technical Service
Department
A. Mikuni

General Administrator
H. Suzuki
Director General

Accelerator Division I
I. Yamane

H. Sugawara

Accelerator
Department

Accelerator Division II
Y. Yamazaki

K. Takata
Vice Director
M. Kimura

Accelerator Division III
S. Kurokawa

Advisory Council
for
High Energy Physics

Physics Division I
F. Takasaki
Physics
Department
S. Iwata

Advisory Council
for
Scientific Policy
& Management

Physics Division II
M. Kobayashi
Experimental Planning &
Program Coordination Division
K. Nakai
Radiation & Safety Control Center
K. Kondo

Engineering Res.
& Sci. Support
Centers
Advisory Council
for
Photon Factory

H. Hirabayashi

Data Handling Center
Y. Watase
Cryogenics Center
H. Hirabayashi
Mechanical Engineering Center
S. Koizumi
Booster Synchrotron Utilization
Facility
N. Watanabe

Photon Factory
Program Advisory
Committee

Injectior Linac Division
I. Sato

Photon Factory
M. Kihara

Light Source Division
H. Kobayakawa
Instrumentation Division
T. Matsushita
Tristan Super Light Facility
M. Ando

Fig. 2 Organization of KEK
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Injector Linac
Division
Head
1. Sato

Director
M. Kihara

Light Source
Division
Head
H. Kobayakawa

Instrumentation
Division
Head
T. Matsushita

Tristan Super
Light Facility
Leader
M. Ando

Operation
H. Kobayashi, T. Urano, T. Kurihara, T. Suwada,
K. Nakamura

L-OP

Injection System
S. Ohsawa, Y. Ogawa, J. Y. Choi, M. Yokota

L-INJ

Accelerator Guide
A. Enomoto, S. Yamaguchi, T. Kamitani, T. Oogoe,
K. Kakihara

L-ACC

Microwave Source
S. Anami, S. Fukuda, Y. Saito, T. Shidara, H. Hanaki,
S. Michizono, H. Honma, K. Nakao,
Y. Otake, H. Katagiri, H. lijima

L-RF

Control
K. Nakahara, K. Furukawa, N. Kamikubota,
1. Abe, A. Shirakawa

L-CTRL

Magnet & Orbit
T. Kasuga, M. Katoh, Y. Kobayashi, A. Araki

R-MAG

Injection & Wiggler
T. Mitsuhashi, K. Ohmi, T. Nogami, A. Ueda

R-I&W

RF
M. Isawa, S. Sakanaka, S. Tokumoto

R-RF

Vacuum
M. Kobayashi, Y. Hori, Y. Takiyama

R-VAC

Beam Channel
H. Maezawa, T. Koide, N. Kanaya, S. Asaoka

R-CHNL

Insertion Device
H. Kitamura, K. Tsuchiya, T. Shioya

R-ID

Control & Monitor
T. Katsura, CO. Pak, K. Haga, N. Nakamura,
T. Honda, A. Mishina, Y. Sato, M. Tadano

R-CTRL

VUV & Soft X-rays
T. Miyahara, K. Tanaka, K. Ito, A. Yagishita, Y. Azuma
H. Kato, Y. Kitajima, E. Shigemasa, Y. Kagoshima,
T. Sekitani

I-VUV

X-rays
N. Sakabe, 0 . Shimomura, T. Nakajima, K. Kobayashi,
A. lida, Y. Amemiya, M. Nomura, H. Kawata,
Y. Murakami, A. Nakagawa, K. Hyodo, T. Kikegawa,
S. Kishimoto, T. Iwazumi, X. W. Zhang, N. Watanabe,
K. Takeshita, N. Usami, M. Tanaka, K. Hirano

I-X

Theory
K. Nasu, K. Iwano

I-T

Technical Support
A. Mikuni, A. Koyama, T. Kosuge, A. Toyoshima
T. Kikuchi, M. Sato, W. Okamoto, Y. Saito, T. Mori,
Y. Uchida

I-TECH

S. Kamada, K. Ohsumi, S. Yamamoto, H. Sugiyama

Fig. 3 Organization of the Phton Factory
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Table 1a Members of Advisory Council; April '91 ~ March '93
** Chairman
AN AMI, Shozo
ANDO, Masami
FUJII, Yasuhiko
HARADA, Jinpei
HIEDA, Kotaro
ISHII, Takehiko*
ITO, Kenji
KATSUBE, Yukiteru
KIKUTA, Seishi
KOBAYAKAWA, Hisashi
KOBAYASHI, Hitoshi
KOBAYASHI, Masanori
MAEZAWA, Hideki
MATSUSHITA, Tadashi
NAKAJIMA, Tetsuo
NITTONO, Osamu
OHTA, Toshiaki
SAKABE, Noriyoshi
SATO, Isamu**
SUZUKI, Kenji
TOKONAMI, Masayasu

* Vice-Chairman

Injector Linac Division, PF, KEK
Tristan Super Light Facility, PF, KEK
Institute for Solid State Physics, University of Tokyo
Faculty of Engineering, Nagoya University
Faculty of Science, Rikkyo University
Institute for Solid State Physics, University of Tokyo
Instrumentation Division, PF, KEK
Institute for Protein Research, Osaka University
Faculty of Engineering, University of Tokyo
Light Source Division, PF, KEK
Injector Linac Division, PF, KEK
Light Source Division, PF, KEK
Light Source Division, PF, KEK
Instrumentation Division, PF, KEK
Instrumentation Division, PF, KEK
Faculty of Engineering, Tokyo Institute of Technology
Faculty of Science, Hiroshima University
Instrumentation Division, PF, KEK
Injector Linac Division, PF, KEK
Institute for Materials Research, Tohoku University
Faculty of Science, University of Tokyo

Table 1b Members of Advisory Council; April '94 ~ March '96
** Chairman
ANAMI, Shozo
ANDO, Masami
FUJII, Yasuhiko
HIEDA, Kotaro
ISHII, Takehiko*
ITO, Kenji
KIKUTA, Seishi
KOBAYAKAWA, Hisashi
KOBAYASHI, Masanori
MAEZAWA, Hideki
MATSUSHITA, Tadashi
MITSUI, Yukio
NAKAHARA, Kazuo
NAKAJIMA, Tetsuo
NITTONO, Osamu
OHTA, Toshiaki
SATO, Isamu**
SHIMOMURA, Osamu
SHIOTANI, Nobuhiro
SUGA, Yoshimasa

* Vice-Chairman

Injector Linac Division, PF, KEK
Tristan Super Light Facility, PF, KEK
Institute for Solid State Physics, University of Tokyo
Faculty of Science, Rikkyo University
Institute for Solid State Physics, University of Tokyo
Instrumentation Division, PF, KEK
Faculty of Engineering, University of Tokyo
Light Source Division, PF, KEK
Light Source Division, PF, KEK
Light Source Division, PF, KEK
Instrumentation Division, PF, KEK
Department of Bio Engineering, Nagaoka University of Technology
Injector Linac Division, PF, KEK
Instrumentation Division, PF, KEK
Faculty of Engineering, Tokyo Institute of Technology
Faculty of Science, Hiroshima University
Injector Linac Division, PF, KEK
Instrumentation Division, PF, KEK
Tokyo University of Fisheries
Faculty of Engineering Science, Osaka University
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Table 2a

Members of Program Advisory Committee; Fiscal Year '93
* Chairman

KOBAYAKAWA, Hisashi
KOSUGI, Nobuhiro
MATSUSHITA, Tadashi*
MURATA, Takatoshi
NASU, Keiichiro
OHTA, Toshiaki
SAKATA, Makoto
SATO, Isamu
SHIMOMURA, Osamu
SUEMATSU, Hiroyoshi
TANAKA, Nobuo
Technology
TANIGUCHI, Masaki
TOKUNAGA, Fumio
YAGISHITA, Akira
YOSHIDA, Satohiro
UEKI, Tatsuo

Table 2b

Light Source Division, PF, KEK
Institute for Molecular Sicnece, Okazaki National Research Institute
Instrumentation Division, PF, KEK
Department of Physics, Kyoto University of Education
Instrumentation Division, PF, KEK
Faculty of Science, Hiroshima University
School of Engineering, Nagoya University
Injector Linac Division, PF, KEK
Instrumentation Division, PF, KEK
Faculty of Science, University of Tokyo
Faculty of Bioscience and Biotechnology, Tokyo Institute of
Faculty of Science, Hiroshima University
Faculty of Science, Osaka University
Instrumentation Division, PF, KEK
Faculty of Engineering, Kyoto University
Institute of Physical and Chemical Research

Members of Program Advisory Committee; Fiscal Year '94
* Chairman

ASHIDA, Tamaichi
KOBAYAKAWA, Hisashi
KOSUGI, Nobuhiro
MATSUSHITA, Tadashi*
NASU, Keiichiro
OYANAGI, Hiroyuki
SAKAI, Nobuhiko
SAKATA, Makoto
SATO, Isamu
SATO, Yukinori
TANAKA, Nobuo
Technology
TANIGUCHI, Masaki
TSUJI, Kazuhiko
UEKI, Tatsuo
WAKABAYASHI, Katsuzo

School of Engineering, Nagoya University
Light Source Division, PF, KEK
Institute for Molecular Sicnece, Okazaki National Research Institute
Instrumentation Division, PF, KEK
Instrumentation Division, PF, KEK
Electrotechnical Laboratory
Faculty of Science, Himeji Institute of Technology
School of Engineering, Nagoya University
Injector Linac Division, PF, KEK
Research Institute for Scientific Measurements, Tohoku University
Faculty of Bioscience and Biotechnology, Tokyo Institute of
Faculty of Science, Hiroshima University
Faculty of Science and Technology, Keio University
Institute of Physical and Chemical Research
Faculty of Engineering Science, Osaka University
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Table 3 Staff members of the Photon Factory
Name
Research Staff
KIHARA, Motohiro
IWASAKI, Hiroshi
ANAMI, Shozo
CHOI, Jae-Young
ENOMOTO, Atsushi
FUKUDA, Shigeki
FURUKAWA, Kazuro
HANAKI, Hirofumi
KAMIKUBOTA, Norihiko
KAMITANI, Takuya
KOBAYASHI, Hitoshi
KURIHARA, Toshikazu
MICHIZONO, Shin'ichiro
NAKAHARA, Kazuo
OGAWA, Yujiro
OHSAWA, Satoshi
SAITO, Yoshio
SATO, Isamu
SHIDARA, Tetsuo
SUWADA, Tsuyoshi
URANO.Takao
YAMAGUCHI, Seiya
HAGA, Kaiichi
HONDA, Tohru
HORI, Yoichiro
ISAWA, Masaaki
KANAYA, Noriichi
KASUGA, Toshio
KATOH, Masahiro
KATSURA, Tomotaro
KITAMURA, Hideo
KOBAYAKAWA, Hisashi
KOBAYASHI, Masanori
KOBAYASHI, Yukinori
KOIDE, Tsuneharu
MAEZAWA, Hideki
MITSUHASHI, Toshiyuki
NAKAMURA.Norio
OHMI, Kazuhito
PAK, Cheol On
SAKANAKA, Shyogo
TSUCHIYA, Kimichika
AMEMIYA, Yoshiyuki
AZUMA, Yoshiro
HIRANO, Keiichi
HYODO, Kazuyuki
IIDA, Atsuo
ITO, Kenji
IWANO, Kaoru
IWAZUMI.Toshiaki
KAGOSHIMA, Yasushi
KATO, Hiroo
KAWATA, Hiroshi
KIKEGAWA, Takumi
KISHIMOTO, Syunji
KITAJIMA, Yoshinori

Apr. 1, 94 J
Mar. 31,94 R
Sept. 1, 94 J

Responsibility*

e-mail address

Director
Director

KIHAR AM@ KEKVAX.KEKJP

L-RF
L-INJ
L-ACC
L-RF
L-CTRL
L-RF
L-CTRL
L-ACC
L-OP
L-OP
L-RF
L-CTRL
L-INJ
L-INJ

ANAMI@KEKVAX.KEKJP
CHOJJ@KEKV AX.KEK.JP
ENOMOTOA@KEKVAX.KEKJP
SFUKUDA@KEKV AX.KEK.JP
FURUKAWA@KEKVAX.KEK.JP
HANAKI@KEKV AX.KEK.JP
KAMI@KEKVAX.KEKJP
KAMITANI@KEKVAX.KEK.JP
HITOSHIK@KEKVAX.KEKJP
TKURIHAR@ KEKVAX.KEK.JP
MICHIZON@ KEKVAX.KEK.jp
NAKAHAR@KEKV AX.KEK.JP
OGAWAYJ@KEKVAX.KEKJP
OHSAWA@KEKV AX.KEK.JP

L-RF
L-Head
L-RF
L-OP
L-OP
L-RF

Apr. 1, 93 J

Jan. 1, 94 J
Apr. 1,92 J

Jul. 1, 93 J

SHIDARA@KEKV AX.KEK.JP
SUWADA@KEKV AX.KEK.JP
URANO@KEKV AX.KEK.JP
SYAMA@KEKVAX.KEK.JP
HAGA@KEKV AX.KEK.JP
HONDAT@KEKVAX.KEK.JP
HORI@KEKVAX.KEKJP
ISAWA@ KEKVAX.KEKJP
KANAYA@KEKV AX.KEK.JP
KASUGAT@ KEKVAX.KEK.JP
KATOHM@ KEKVAX.KEK.JP
KATSURA@KEKV AX.KEK.JP
KITAMURA@KEKVAX.KEK.JP
KOBAYAKA@ KEKVAX.KEK.JP
KOBYASIMR@KEKVAX.KEK.JP
YUKINORI® KEKVAX.KEKJP

R-CTRL
R-CTRL
R-VAC
R-RF
R-CHNL
R-MAG
R-MAG
R-CTRL
R-ID
R-Head
R-VAC
R-MAG
R-CHNL
R-CHNL
R-I&W
R-CTRL
R-I&W
R-CTRL
R-RF '
R-ID

MAEZAWAH@ KEKVAX.KEK.JP
MITSUHAS@ KEKVAX.KEK.JP
NORIO@ KEKVAX.KEKJP
OHMI@KEKV AX.KEKJP
PAK@KEKV AX.KEK.JP
S AKANAKA@ KEK V AX.KEK.JP
TSUCHIYA@KEKV AX.KEK.JP

I-X
I-VUV
I-X
I-X
I-X
I-VUV
I-T
I-X
I-VUV
I-VUV
I-X
I-X
I-X
I-VUV

AMEMIYA@KEKVAX.KEKJP
AZUMA@KEKV AX.KEKJP
HIRANO@ KEKVAX.KEK.JP
HYODO@ KEKVAX.KEKJP
AIIDA@KEKVAX.KEK.JP
ITO@KEKVAX.KEK.JP
IWANO@KEKVAX.KEK.JP
IWAZUMI@KEKVAX.KEK.JP
KAGOSIMA@KEKVAX.KEK.JP
HIROO@ KEKVAX.KEKJP
KAWATA@KEKV AX.KEK.JP
KIKEGAWA@KEKV AX.KEK.JP
KISIMOTO@KEKV AX.KEK.JP
KITAJIMA@KEKVAX.KEK.JP

(to be continued)
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Name
KOBAYASHI, Katsumi
MATSUSHITA, Tadashi
MIYAHARA,Tsuneaki
MURAKAMI, Youichi
NAKAGAWA, Atsushi
NAKAJIMA, Tetsuo
NASU, Keiichiro
NOMURA, Masaharu
SAKABE, Noriyoshi
SEKITANI.Tetsuji
SHIGEMASA, Eiji
SHIMOMURA, Osamu
TAKESHITA, Kunikazu
TANAKA, Ken'ichiro
TANAKA, Masahiko
USAMI, Noriko
WATANABE, Nobuhisa
YAGISHITA, Akira
ZHANG, Xiaowei

Oct. 1, 94 J
Nov. 16, 92 J
Mar. 31,94 R
Apr. 1, 92 J
Oct. 1.92J

ANDO, Masami
KAMADA, Susumu
OHSUMI, Kazumasa
SUGIYAMA, Hiroshi
YAMAMOTO, Shigeru

Responsibility*
I-X
I-Head
I-VUV
I-X
I-X
I-X
I-T
I-X
I-X
I-VUV
I-VUV
I-X
I-X
I-VUV
I-X
I-X
I-X
I-VUV
I-X

e-mail address
KOBAYASK@ KEKVAX.KEKJP
MATSUS@ KEKVAX.KEKJP
MIYAHARA@KEKV AX.KEK.JP
MYOUICHI@KEKV AX.KEK.JP
NAKAGAWA@ KEKVAX.KEK.JP
TETSUO@ KEKVAX.KEK.JP
KNASU@NASUWS 1 .KEK. JP
NOMURAM@KEKVAX.KEKJP
SAKABE@KEKVAX.KEKJP
SEKITANI@KEKVAX.KEKJP
SIGEMASA@KEKVAX.KEK.JP
SHIMOMURA@ KEKVAX.KEK.JP
TAKESHIT@KEKV AX.KEK.JP
TAN AKAK@KEKV AX.KEK.JP
MASAHIKO@KEKVAX.KEKJP
USAMI@KEKV AX.KEK.JP
NOBUHISA@ KEKVAX.KEK.JP
YAGISITA@ KEKVAX.KEK.JP
XIAOWEI@KEKVAX.KEK.JP

S-Leader
S

ANDO@ KEKVAX.KEK.jp
KAMADA@KEKV AX.KEK.JP
OHSUMIK@KEKV AX.KEKJP
HIROSHIS@KEKV AX.KEK.JP
SHIGERU@KEKV AX.KEKJP

S
S
S

Supporting Staff
ABE, Isamu
HONMA, Hiroyuki
IIJIMA, Hitoshi
KAKIHARA, Kazuhisa
KATAGIRI, Hiroaki
NAKAMURA, Kie
NAKAO, Katsumi
OOGOE, Takao
OTAKE, Yuji
SHIRAKAWA, Akihiro
YOKOTA, Mitsuhiro
ARAKI, Akira
ASAOKA, Seiji
MISHINA, Atsushi
NAKAMURA, Hajime
NOGAMI, Takashi
SATO, Yoshihiro
SHIOYA, Tatsuro
TADANO, Mikito
TAKIYAMA, Youichi
TOKUMOTO, Shuichi
UEDA, Akira

L-CTRL
L-RF
L-RF
L-ACC
L-RF
L-OP
L-RF
L-ACC
L-OP
L-CTRL
L-INJ
Jun. 30, 94 L
Jun. 1.93L

Jun. 1,93 J

KIKUCHI, Takashi
KOSUGE, Takashi
KOYAMA, Atsushi
MIKUNI, Akira
MORI, Takeharu
OKAMOTO.Wataru
SAITO, Yuuki
SATO, Masato
TOYOSHIMA, Akio
UCHIDA, Yoshinori
J:

ABEI@KEKV AX.KEKJP
KAKIHARA@KEKV AX.KEKJP
KATAGIRI@KEKV AX.KEK.JP
KIE@ KEKVAX.KEK.JP
NAKAOK@ KEKVAX.KEKJP
OOGOE@KEKV AX.KEKJP
OT AKE@ KEKVAX.KEKJP
SIRAKAWA@ KEKVAX.KEKJP
YOKOTA@KEKV AX.KEK.JP

R-MAG
R-CHNL
R-CTRL
R-CTRL
R-I&W
R-CTRL
R-ID
R-CTRL
R-VAC
R-RF
R-I&W

NOGAMI@KEKV AX.KEK.JP
YOSHIHIR@KEKVAX.KEKJP
SHIOYA@KEKV AX.KEKJP
TAD ANO@KEKV AX.KEK.JP
TAKIYAMA@KEKV AX.KEK.JP
TOKUMOTO@KEKVAX.KEKJP
UEDA@KEKVAX.KEK.JP

I-TECH
I-TECH
I-TECH
I-TECH
I-TECH
I-TECH
I-TECH
I-TECH
I-TECH
I-TECH

KIKUCHI@KEKVAX.KEKJP
KOSUGE@ KEKVAX.KEK.JP
KOYAMA@KEKV AX.KEKJP
MIKUNI@KEKVAX.KEKJP
MORIT@KEKVAX.KEKJP
OKAMOTOW@KEKV AX.KEKJP
YS AITO@ KEKVAX.KEK J P
SATOM@ KEKVAX.KEKJP
TOYOSIMA@KEKV AX.KEKJP
UCHID A(S> KEKVAX.KEKJP

Refer to Fig. 3 for abbreviations.
Date when he/she joinded the PF.
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MISHINA@ KEKVAX.KEKJP

Name
KOBAYASHI, Katsumi
MATSUSHITA, Tadashi
MIYAHARA,Tsuncaki
MURAKAMI, Youichi
NAKAGAWA, Atsushi
NAKAJIMA, Tetsuo
NASU, Keiichiro
NOMURA, Masaharu
SAKABE, Noriyoshi
SEKITANI.Tetsuji
SHIGEMASA, Eiji
SHIMOMURA, Osamu
TAKESHITA, Kunikazu
TANAKA, Ken'ichiro
TANAKA, Masahiko
USAMI, Noriko
WATANABE, Nobuhisa
YAGISHITA, Akira
ZHANG, Xiaowei

Oct. 1, 94 J
Nov. 16, 92 J
Mar. 31,94 R
Apr. 1.92J
Oct. 1, 92 J

ANDO, Masami
KAMADA, Susumu
OHSUMI, Kazumasa
SUGIYAMA, Hiroshi
YAMAMOTO, Shigcru

S-Leadcr
S
S

ANDO@ KEKVAX.KEKJP
KAMADA@KEKV AX.KEK.JP
OHSUMIK@KEKVAX.KEK.JP
HIROSHIS@ KEKVAX.KEK.jp
SHIGERU@ KEKVAX.KEKJP

L-CTRL
L-RF
L-RF
L-ACC
L-RF
L-OP
L-RF
L-ACC
L-OP
L-CTRL
L-INJ
Jun. 30, 94 L
Jun. 1.93L

Jun. 1, 93 J

KIKUCHI, Takashi
KOSUGE, Takashi
KOYAMA, Atsushi
MIKUNI, Akira
MORI, Takcharu
OKAMOTO, Wataru
SAITO, Yuuki
SATO, Masato
TOYOSHIMA, Akio
UCHIDA, Yoshinori
J:

e-mail address
KOBAYASK@KEKVAX.KEKJP
MATS US® KEKVAX.KEKJP
MI YAHAR A@ KEKVAX.KEKJP
MYOUICHI@KEKVAX.KEKJP
NAKAGAWA@KEKV AX.KEK.JP
TETSUO@ KEKVAX.KEKJP
KNASU@NASUWS1.KEK.JP
NOMURAM@KEKV AX.KEK.JP
SAKABE@KEKVAX.KEKJP
SEKITANI@ KEKVAX.KEK J P
SIGEMASA@ KEKVAX.KEK.JP
SHIMOMURA® KEKVAX.KEKJP
TAKESHIT@KEKVAX.KEKJP
TAN AKAK® KEKVAX.KEKJP
MASAHIKO@ KEKVAX.KEKJP
USAMI@KEKV AX.KEK.JP
NOBUHISA@KEKV AX.KEK.JP
YAGISITA@KEKV AX.KEK.JP
XIAOWEI@KEKVAX.KEK.JP

s
s

Supporting Staff
ABE, Isamu
HONMA, Hiroyuki
IIJIMA, Hitoshi
KAKIHARA, Kazuhisa
KATAGIRI, Hiroaki
NAKAMURA, Kie
NAKAO, Katsumi
OOGOE, Takao
OTAKE, Yuji
SHIRAKAWA, Akihiro
YOKOTA, Mitsuhiro
ARAKI, Akira
ASAOKA, Seiji
MISHINA, Atsushi
NAKAMURA, Hajime
NOGAMI, Takashi
SATO, Yoshihiro
SHIOYA, Tatsuro
TADANO, Mikito
TAKIYAMA, Youichi
TOKUMOTO, Shuichi
UEDA, Akira

Responsibility*
I-X
I-Hcad
I-VUV
I-X
I-X
I-X
I-T
I-X
I-X
I-VUV
I-VUV
I-X
I-X
I-VUV
I-X
I-X
I-X
I-VUV
I-X

ABEI@KEKV AX.KEK.JP
KAKIHARA@ KEKVAX.KEK.jp
K ATAGIRI® KEKVAX.KEKJP
KIE@ KEKVAX.KEKJP
NAKAOK@ KEKVAX.KEKJP
OOGOE® KEKVAX.KEK.JP
OTAKE@ KEKVAX.KEK JP
SIRAKAWA@KEKVAX.KEKJP
YOKOTA® KEKVAX.KEKJP

R-MAG
R-CHNL
R-CTRL
R-CTRL
R-I&W
R-CTRL,
R-ID
R-CTRL
R-VAC
R-RF
R-I&W

NOGAMI® KEKVAX.KEKJP
YOSHIHIR@KEKV AX.KEK.JP
S HIO Y A® KEKVAX.KEKJP
TADANO® KEKVAX.KEK.JP
TAKIYAMA® KEKVAX.KEKJP
TOKUMOTO® KEKVAX.KEK J P
UEDA@KEKV AX.KEK.JP

I-TECH
I-TECH
I-TECH
I-TECH
I-TECH
I-TECH
I-TECH
I-TECH
I-TECH
I-TECH

KIKUCHI@KEKV AX.KEKJP
KOSUGE® KEKVAX.KEKJP
KOYAMA@KEKV AX.KEKJP
MIKUNI@KEKVAX.KEKJP
MORIT@KEKV AX.KEKJP
OKAMOTOW@KEKVAX.KEKJP
YSAITO® KEKVAX.KEK.jp
S ATOM® KEKVAX.KEKJP
TOYOSIMA@KEKVAX.KEKJP
UCHIDA® KEKVAX.KEKJP

Refer to Fig. 3 for abbreviations.
Date when he/she joinded the PF.

MISHINA@KEKV AX.KEKJP

L:
R:
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Date when he/she left the PF.
Date when he/she retired from the PF.

Table 4
Position
Chief Director

1984

Department

1985

1986

1987

1988

1989

1

3
3
2

1
4
4
3

1
4
4
4

1
4
4
5

1
3
4
5

2
5
5

2
5
8

1
3
7

2
3
9

3
3
7

Injector Linac
Light Source
Instrumentation

9
6
10

10
10

11
9
13

10
12
13

Injector Linac
Light Source
Instrumentation

6
6
4

6
6
4

7
7
8

8

Injector Linac
Light Source
Instrumentation

2
4
6
74

2
4
6
80

2
4
6
90

Professor

Injector Linac
Light Source
Instrumentation

1
3
4
1

Associate
Professor

Injector Linac
Light Source
Instrumentation

Research
Associate
Technical
Staff
Visiting
Scientist

Annual numbers of staff & visiting scientists

Total

8

Fable 5

1990

1991

1992

1993

1
4
8

1
3
5
9

1
3
5
8

6
3
8

7
3
10

7
3
10

7
3
11

8
11
15

9
11
15

9
12
15

9
12
18

10
12
18

10
10
10

11
10
9

11
10
10

11
10
10

11
10

11
9
10

2

2
4
6
1 10

2
4
7
112

2
4
6
115

5
5

1
4
5
6

5
5
10

7
4
9

10
12
14

9
9
11

7
9

9
8
11

2
4
6
98

2
4
6
103

4
6
104

1

3

3

Budget in each fiscal year

1994

10
1

0
3
3
114

3
6
118

(iri million yen)

Item
1984 1985 1986 1987 1988 1 989 1990 1991 1992 1993 1994
484 510
764
939 1,029
859
Salary
561
561
642 757
898
0
196
103
0
0
153
131 647
0
0
PF Storage Rinj; (channel, insertiorI device,, etc.)
0
134 184
341
367
366
190
237
399
375
366
196
PF Experiments
552 653
820 907
PF Operation & Maintenance
962 1.,078 1,107 1,107 1,042 1,015 1,096
135 135
141
145
145
145
145
145
140
136
136
Computer Rentals
41
224
0
300
253
175
138
208
Positron Source & Electric Plant Operation
258 300 308
231
235
212
124 180
211
214
217
240
218
218
Cooling System & Electric Operation
257 338
425
423
423
423
418
381
331
355
431
Electricity
174
154
132
84
219
171
86
95
185
166
302
PF-Industrial Cooperative Experiments
260
148
145
145
AR Constructior1 and Experiments
398 267 387 250
400
B Factory (Linac: Upgrade)
162
388
564
877
115 127
Miscellaneous
120 301 243 287
567
1,885 2,416 2,915 3,884 :3,682 4.,126 4,253 4,398 4,220 4,473 4,653
Total

Table 6

Yearly account of beam channels

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

PF

8

10

12

13

13

15

15

17

20

21

21

Institutes

1

1

1

3

4

4

4

4

3

2

2

Industry

2

4

4

4

4

4

4

4

4

4

4

11

15

17

20

21

23

23

25

27

27

27

Belonging

Total

Table 7 Summary of operation in FY 1994 (April 1994 - March 1995)

(hours)
Dedicated to SR at AR

Cycle

Linac

PF Ring

Users' time

AR

1

2152

1876

1525

2196

1943

2

2047

1896

1555

2019

1520

3

767

719

499

714

587

Total

4966

4491

3579

4929

4050
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Table 8 Timetable of the Machine Operation in FY 1994.
PF: PF ring

^ ° ! t f ^ °f

Machine Tuning

Beamline
Lecture for
Students

Machine Study

/
1-2

Users Beam T,me H J

^ * R Use ^ g Users Bonus

Dedicated SR Use || | | | j Machine Tuning/Photobaking
ofAR

Tin. FRI SAT SUN MON TIE WEE THU FRI SAT SUN
9 17 9 17 9 17 9 171 9 179 17 9 17 9 17 9 17 9 17 9 17 9 A 9 179 17 9 17 9 17 9 17 9 17 9 17 9 17 9 17
i

1 -1

•

MON TUI; \VK1 Tl UJj ITU SAT SUN MON Tin; WF.I

Cycle

1 -1

AR TRISTAN accumulation ring

Dale 3/28
Linac
PF
AR

i i

i

i

29 30 31 j 4/1

i

2

3 _4

5

6

7

t I i i

8 | 9

10 11 12 13 14 15 16 17

5

i^iiililllliiili illill mm. giiiilllllilll till

19 20 21 122 23 [24 I 25 I 26 [27 J 2 8 29 130 15/1 2 I 3
4 L5 I 6
7 |_8
Date 18
Linac
PF
AR
Date
9 | 10 M M 12 ' 13 I ! 4 T 15 f 16 T iTT 1 8 | i 9 I 20 | 21 I 22 I 2 3 I 24 I 25 I 2 6 I 27 | 2 8 I 2 9

IB^^iiiiiiiliiiiliii^^^^^^

1 -2
Dale

30 [31_[6/1

2 >3

4

5

6

7

8

9

10 | 11 12 13 I 14 15 16 17 18 [ 19

1 -3
Date
Linac
1 - 4 PF
AR
Date
Linac
2-1
PF
AR
Dale
2-1
j
l.inac
/
' PI2-2
AR
Date
2-2
Linac
/
PF
2-3
AR
Date
Linac
2-3
PF
AR
Date

2-3

9 / 2 6 2 7 2 8 2 9 | 3 0 10/1 2

17 | 18 I 19 1 21)

3

.

4

5

6

7

9

9

10

1 0 11 1 2 1 3 1 4 1 5

16

2) I 22 I 23 I 24 I 25 [ 26 | 27 I 28 • 29 | 30 | 31 111/1 I 2 I 3 | 4 I 5 T 6

M^^^SMMMS^iS^i^Msi0x:WSSi^^^^i^WiM^^^^^^^^i

•-•••IrLli-9-!-1''-^-1^--!-2-^-1-3-^

28

29 30 12/1 ! 2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17

18

19 I 20' [ T T T 2 2 ; 23 I 24 T 2 5 T 26 [ 27 \ 2 8 | 29 | 30 j 31 | 1/1 f 2 T 3 | 4 | S H 6 | 7 j 8

Linac
AR
Dale

3-1

20 1 21 ] 22 I 23 24 | 25 | 26 | 27 | 28 | 29 | 30 | 7/1 | _ 2 A 3 _ | _4 ) 5 ] 6 ] 7

mmav.

2/6l

7 I 8 I 9 i 10 I II I 12 I 13 I 14 I 15 I 16 I 17 I 18 I 19 I 20 I 21 I 22 I 23 I 24 I 25 I 26

27

28 3/1 2

Linac
PF
AR

3-1
/
3-2

3-2

Dale
Linac
PF
AR
Date
Linac
PIAR

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17 18 19

20 | 2 1 • | 22 1 23 j 24 | 25 | 26 | 27 J 28 | 29 | 30 | 31 | 4/1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9
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SEMINARS, MEETINGS AND WORK SHOPS
Twelve seminars were given by an in-house staff and visiting cientists who visited the PF in 1994. Ten users'
meetings or work shops were held in FY 1994, including the annual PF symposium.

PF Seminars
Perkins, S. (Royal Free Hospital School of Medicine, University of London)
Recent Developments in Neutron and X-ray Scattering Applied to the Solution Structures
of the Complement Proteins of Immune Defence and to Time-Course Studies of the Oxidative
Modification of Low Density Lipoproteins

October 5, 1993

Haensel, R. (ESRF)
Synchrotron Radiation Experiment with 3rd Generation Source: New Possibilities,
New Challenges

November 16, 1993

Pianetta, P. (SSRL)
X-ray Fluorescence Analysis of Trace Contaminants on Si Wafers

November 17, 1993

Lindau, T. (University of Lund)
High-Resolution Core Level Spectroscopy Using Synchrotron Radiation

November 17, 1993

Nielsen, J. A.- (ESRF)
Experiments with Hard X-ray Undulator Radiation at the ESRF

March 22, 1994

Koike, M. (LBL, University of California)
High Resolution VUV/EUV Monochromator Beamlines for Low Emittance Synchrotron Radiation March 29, 1994
Sato, Y. (Faculty of Pharmaceutical Science, University of Tokyo)
Crystal Structure Analysis of Proteins Such as Antibody and Hydrolystic Enzyme by
Synchrotron Orbital Radiation X-ray

June 24, 1994

Hall, R. (CNRS)
One Photon Double Ionization of Atoms and Molecules

June 24, 1994

Larkins, F. (University of Melbourne)
Calculation of Normal and Resonant X-ray and Auger Spectra of Molecules

July 13, 1994

Miyahara, T. (Photon Factory, KEK)
From Atomic Assembly to Solid

July 29, 1994

Abbate, M. (LNLS, Campinas, Brazil)
The O 1 s and V 2p X-ray Absorption Spectra of Vanadium Oxides
Maruyama, H. (Faculty of Science, Okayama University)
Research for Magnetism by Magnetic X-ray Circular Dichroism
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September 30, 1994

September 30, 1994

Users' Meetings
Workshop of BL 4C

December 17-18, 1993

PF Slow-Positron Source Workshop

December 21-22, 1993

The 11th Photon Factory Symposium (Annual Users' Meeting)
Workshop on the Reconstruction of BL-11 at the Photon Factory

January 10-11, 1994
March 14, 1994

Workshop on the Study of Protein Structure by Time-Resolved X-ray Solution Scattering:
Present and Perspective

March 23-24, 1994

Workshop on Injector Linac Energy-Upgrade

March 24-25, 1994

User's Meeting of Powder Diffraction Group

July 6, 1994

17th International Linac Conference

August, 21-26, 1994

Workshop of BLNE3

September 17, 1994

Future of Prospect of VIVSX Region Research

September 27-28, 1994

Publications
PHOTON FACTORY NEWS

ISSN 0916-0604

Vol.12, No. 1-4

GRADUATE UNIVERSITY FOR
ADVANCED STUDIES
The National Graduate University was established
in 1988. It has the following three schools:
School of Cultural Studies
School of Mathematical and Physical Sciences
School of Life Sciences.
KEK has participated in the University to form the
Department of Synchrotron Radiation Science and the
Department of Accelerator Science, both of which
belong to the School of Mathematical and Physical
Sciences.
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Students in the Department of Synchrotron
Radiation Science are expected to study the basic
theory of emission of synchrotron radiation, its
characteristics, and interaction of radiation with matter,
and then engage in research by using various facilities
at the PF. The research field includes the development
of radiation sources, optical elements, and instruments
for diffraction, scattering, spectroscopy, and
irradiation experiments as well as exploration of new
areas of applying synchrotron radiation to science and
technology.

PROPOSAL GUIDELINES FOR
EXPERIMENTERS AT PHOTON
FACTORY
1. HOW TO SUBMIT A PROPOSAL
Photon Factory is open to everybody in scientific
research. A proposal should be filed on an application
form which is available on request from the Research
Cooperation Section of the Administration Department
of KEK. An applicant should carefully read the guide
before filing an application. A spokesperson should
get the agreement of the members to join the team.
An overseas applicant is requested to find an
appropriate "contact person in Japan (CPJ)", who will
mediate between the applicant and KEK*. Please
contact the person in charge of the experimental station
you want to use, if you do not know any appropriate
CPJ. He/she will select the person appropriate for the
applicant's research plan. A list of the people in
charge of the experimental stations can be found in this
report.
All experimental proposals are subject to approval
of the Photon Factory Program Advisory Committee
(PF-PAC). In Table 9, we have shown the total
number of proposals approved by this PAC. The CPJ
will be informed about the decision.
* The contact person in Japan will help you
translate Japanese and English, assist with visa
applications and your experiments. In order to assure
his/her agreement the signature or seal imprint of the
CPJ is required.

2. CATEGORY OF PROPOSALS
2.1 for university researchers etc.
There are four categories of application; G(eneral),
S(pecial), P(reliminary) and U(rgent). The character,
process of approval and terms of validity are different
among those categories. Photon Factory is planning to
improve the proposal evaluation system, thus the
second deadline for categories G and P is not fixed and
the limitations for category P is subject to change.
Please contact Research Cooperation Section before
submission.
G is the category for general experiments using
synchrotron radiation. Deadlines of application and
valid terms are as follows:
Deadlines: July 14, 1995 (a) and November 2,
1995(b)
Valid terms:
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from October, 1995 to September, 1997 for (a)
from April, 1996 to March, 1998 for (b)
P is the category for preliminary experiments in
order to determine the feasibility of proposals for
categories G or S. There are some limitations as listed
below.
1) The maximum beamtime for one project is less
than about 120 hours.
2) One spokesperson can have only one project at
a time.
3) More than three proposals of this category
cannot be approved for an experimental station
at a PF-PAC.
Deadlines: July 14, 1995 (a) and November 2,
1995 (b)
Valid terms:
from October, 1995 to September, 1996 for (a)
from April, 1996 to March, 1997 for (b)
S is the special category for those experiments that
may be difficult to do but may have extremely high
scientific value. Among those could be experiments
for the development of a difficult technique or those
requiring special operation of the storage ring. Photon
Factory supports the projects of this category
financially within certain limits; the funds cannot be
used for travel expenses or salary. At least one
Japanese scientist should be included in a team. The
process of judgement is different from other
categories. An applicant has to express his/her plan
orally before the PF-PAC. Deadline and valid term are
as follows:
Deadline: September 14, 1995 (a) and March 15,
1996 (b)
Valid term:
from April, 1996 to March , 1999 for (a)
from Octorber, 1996 to September, 1999 for (b)
The progress report should be presented at the "Photon
Factory Symposium" which takes place every year.
U is the category for urgent proposals which
cannot be postponed until the next deadline, and which
are of extremely high scientific value. Once approved,
these projects may exclude already assigned beamtime
for other projects. Applicants can apply at any time
but the valid terms are limited as follows:
a project approved between October and March:
until end of March
a project approved between April and September:
until end of September.
Results of a project should be reported at the "Photon
Factory Symposium."

2.2 for researchers in private companies etc.

4. OTHERS

Photon Factory is also open for scientists working
in private corporations within certain limits. However,
a fee is charged for beamtime.

(1) Experimenters must obey the safety rules at KEK
and PR
(2) Further procedure may be requested in order to
carry out an experiment.
(3) If there are question regarding procedures please
contact
Research Cooperation Section, Administration
Department, National Laboratory for High Energy
Physics,
Oho, Tsukuba 305, Japan
FAX:+81-298-64-4602

3. ACCOMMODATION
KEK provides guest houses at low cost for
visiting scientists.
In the case of domestic
experimenters, please contact the person in charge of
your experimental station. Overseas experimenters
should ask the CPJ to book rooms. KEK supports
travel and living expenses for domestic experimenters
within certain limits but does not do so for overseas
experimenters.

Table 9

Number of proposals approved by the PAC.

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

(A) EXAFS

42

26

35

40

61

66

57

71

69

67

81

75

(B) Biology

18

18

28

28

32

38

57

61

75

89

92

121

(C) X-Ray

24

29

75

54

73

65

61

80

92

109

111

134

(D) VUV & Soft X-Ray

19

12

27

26

28

28

36

27

45

44

55

52

103

85

165

148

194

197

211

239

281

309

339

382

Research Field

Total
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List of proposals accepted in FY 1994
Proposal
Number

Spokesperson

Title

94-G001

J. Akimitsu
College of Science and Engineering,
Aoyama Gakuin Univ.

Local structure of Cu ion in copper oxide Cu Ge O3

94-G002

T. T.anaka
Faculty of Engineering,
Kyoto Univ.

Structural analysis of molybdenum bronzes by XAFS

94-G003

S. Funahashi
School of Science,
Nagoya Univ.

Structural studies on the redox reactions of Pd(II, III),
Ag(I, II, III), and Sn(II, IV) complexes

94-G004

A. Nishijima
National Institute of Materials
and Chemical Research

XAFS study on the effect of complexane type ligands on
the structure of Mo and W compounds in aqueous solutions

94-G005

N. Mori
Institute for Solid State Physics,
Univ. of Tokyo

Lm-edge spectroscopy in CeX(X=P, As, Sb, Bi) and Yb4As3
under pressure

94-G006

H. Kanai
Faculty of Living Science,
Kyoto Prefectural Univ.

Microstructial analysis of the effects of alumina supports
on the states of molybdenum spacies

94-G007

M. Matsuura
Miyagi National College of Technology

Fluorescence XAFS studies on the structure of Fe clusters
in La rich La-Fe alloys

94-G008

Y. Nishiyama
Institute for Chemical Reaction Science,
Tohoku Univ.

The structure analyses of metal ion in pyrolyzed brown coal

94-G009

H. Sakane
Faculty of Engineering,
Yamanashi Univ.

XAFS studies on the local structure of the interlayer ion
in synthetic fluorine mica ion-exchangers

94-G010

K. Sakaue
School of Science,
Kwansei Gakuin Univ.

EXAFS study on local structure of Ki_x(NH4)xI

94-G011

M. Ichikawa
Catalysis Research Center,
Hokkaido Univ.

Synthesis and EXAFS studies of monolayer dispersed metal
carbonyls in zeolite cages

94-G012

Y. Kubozono
Faculty of Science,
Okayama Univ.

Structural change of myglobin Fe site induced by addition of
surface active agents

94-G013

S. Emura
Institute of Scientific and Industrial,
Osaka Univ.

Temperature dependence of Debye-Waller factor of d10 type
impurities in NaCl structure and GaAs

94-G014

S. Kawasaki
Faculty of Science,
Hokkaido Univ.

Structural analysis of pressure-induced amorphous GeO2
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Proposal
Number

Spokesperson

Title

94-G015

T. Yamaguchi
Faculty of Science,
Fukuoka Univ.

In situ XAFS of intermediates in electron transfer reactions of
Ru cluster complexes

94-G016

T. Yamaguchi
Faculty of Science,
Hokkaido Univ.

XAFS studies of Fe(III) and Cr(III) saccharide complexes

94-G017

M. Sakurai
Institute for Materials Research,
Tohoku Univ.

Role of the small amount of additives on the crystallization of
Fe-B-Si amorphous material

94-G019

XAFS measurements on iron-containing organic-inorganic
J. M. Webb
School of Mathematical & Physical Sciences, nanocomposite structures
Murdoch Univ.

94-G020

C. H. Yo.
Department of Chemistry,
Yonsei Univ.

Studies of the structural and the electronic configuration of
the transition metals existed in perovskite compounds

94-G021

S. K. Park
Department of Chem. Engineering,
POSTECH

Structural study of copper thin films by EXAFS

94-G022

H. Schneider
Institute for Materials Research,
DLR

EX AFS measurements on Cr-doped mullite precursors

94G023

Y. Nishihata
Faculty of Science,
Okayama Univ.

EXAFS study on the Debye-Waller factor in KTaO3 and SrTiO,

94-G024

H. Ishida
College of Liberal Arts and Science,
Okayama Univ.

EXAFS studies on the structural phase transitions in
CH3NH3MX3 (M=Pb, Sn; X=C1, Br, I)

94-G025

H. Sato
Faculty of Science,
Hiroshima Univ.

EXAFS study on diluted magnetic semiconductors Cd!_xMnxTe

94-G026

H. Nasu
Faculty of Engineering,
Mie Univ.

Study of the structure of the glasses with large optical
nonlinearity

94-G027

S. Yanagida
Faculty of Engineering,
Osaka Univ.

In-situ investigation on surface structure of quantum-confined
cadmium sulfide clusters under photo-induced electron transfer
reaction conditions

94-G028

Y. Iwasawa
Graduate School of Science,
Univ. of Tokyo

In-situ EXAFS studies of the bimetallic ensemble structures
and reaction intermediates on Rh-Sn/SiO-> and Pt-Sn/SiOo

94-G029

Y. Iwasawa
Graduate School of Science,
Univ. of Tokyo

Polarized total reflection EXAFS analyses for the anisotropic
structures of MoO3/TiO2(l 10) catalysts

G-18

Proposal
Number

Spokesperson

Title

94-G030

T. Yokoyama
Graduate School of Science,
Univ. of Tokyo

S K-edge XAFS studies on sulfur dioxide adsorbed on Ni and
Cu single crystal surfaces

94-G031

B. Mikami
Research Institute for Food Science,
Kyoto Univ.

X-ray structural analysis of soybean storage protein

94-G032

A. Suzuki
School of Engineering,
Nagoya Univ.

Crystal structure analysis of wheat germ protease inhibitor

94-G033

H. Kumagai
Faculty of Agriculture
Kyoto Univ.

X-ray structure analysis of monoamine oxidase from
escherichia coli

94-G034

M. Konno
Faculty of Science,
Ochanomizu Univ.

Identification of active sites by comparison of crystal
structures between cyclophilines present in membrane and
cytoplasm

94-G035

S. Iwata
Max-Plank Institute fiir Biophysik

X-ray analysis of the phosynthetic reaction center of
rhodopseudomonas viridis

94-G036

Y. Monmoto
Faculty of Engineering,
Tokushima Univ.

Estimation of processing method for diffraction data from
super-macromolecular crystals

94-G037

H. Mizuno
National Institute of
Agrobiological Resources

X-ray structural analysis of functionally mutated oc-amyJase

94-G038

K. Miki
Faculty of Science,
Kyoto Univ.

X-ray cry stall ographic studies of photolyase (DNA
photoreactivating enzyme)

94-G039

K. Miki
Faculty of Science,
Kyoto Univ.

X-ray crystallographic studies of chaperonin

94-G040

T. Fujii
Institute for Chemical Research
Kyoto Univ.

Structural studies on archaebacterial ferredoxin

94-G041

S. Yoshikawa
Faculty of Science,
Himeji Institute of Technology

X-ray diffraction experiments for bovine heart cytochrome c
oxidase crystals

94-G042

K. Fukuyama
Faculty of Science,
Osaka Univ.

X-ray crystallographic analysis of a-amylase inhibitor

94-G043

Y. Shirakihara
Hygo Univ. of Education

X-ray crystal analysis of a3fS3 complex of Fl-ATPase from
a thermophilic bacterium

94-G044

N. Kato
School of Medicine,
Nagoya Univ.

Structural analysis of crystals of bacterial lipopolysaccharides
(LPS)

G-19

Proposal
Number

Spokesperson

Title

94-G045

K. Watanabe
Kyoto Prefectural Univ.

Structure analysis of proline residues responsible for enhancing
protein thermostability

94-G046

Y. Mitsui
Faculty of Engineering,
Nagaoka Univ. of Technology

X-ray crystallographic analysis of BphC derived from
pseudomonas sp. KKS102

94-G047

K. Hamada
Faculty of Science,
Shimane Univ.

Structural studies of serratiaprotease by an anomalous scattering
ofCa

94-G048

R. W. Pickersgill
Reading Laboratory
Institute of Food Research

Elucidation of the structure of plant cell wall degrading
enzymes

94-G049

J. Hajdu
Laboratory of Molecular Biophysics,
Oxford Univ.

Development of fast monochromatic data collection techniques
and studies on high oxidation state metal centers and free
radical enzymes

94-G050

I. Andersson
Uppsala Biomedical Center,
Swedish Univ. of Agric. Sci.

Understanding catalysis in ribulose-1, 5-bisphosphate
carboxylase/oxygenase: high resolution diffraction studies
on the enzymes from spinach and synechococcus

94-G051

M. W. Parker
St Vincent's Institute of Medical Research

Structural studies of glutathione s-transferases

94-G052

B. W. Matthews
Institute of Molecular Biology,
Univ. of Oregon

Weissenberg data collection of beta-galactosidase from E. coli

94-G053

F. Frolow
Faculty of Chemistry,
Waizmann Institute of Science

High resolution (1.5A) study of the structure of bacterioferritin
of E. Coli

94-G054

M. Cygler
Biotechnology Research Institute,
NRCC

High resolution study of Upases and esterases and their
complexes with inhibitors

94-G055

G. Lu
Department of Biology,
Peking Univ.

The collection of diffraction data of bar-headed goose
hemoglobin and antibacterial polypeptide LCI

94-G056

D. C. Rees
Division of Chemistry,
California Institute of Technology

X-ray diffraction studies of succinate quinone oxidoreductase:
complex II

94-G057

Z. J. Lin
Institute of Biophysics,
Academia Sinica

The crystallographic structure of GAPDH complexed with
the coenzyme and its analogous

94-G058

D. C. Wang
Institute of Biophysics,
Academia Sinica

X-ray crystal structure analysis of neurotoxins from Chinese
scorpion venome

94-G059

Z. X. Xia
Shanghai Institute of Organic Chemistry

X-ray data collection of methanol dehydrogenase at high
resolution

94-G060

S. Hasnain
Daresbury Laboratory

Weissenberg data collection of azurin and nitrite reductase

G-20

Proposal
Number

Spokesperson

Title

94-G061

T. Sato
Faculty of Engineering,
Tokushima Univ.

X-ray structure analysis of prorylendopeptidase

94-G062

H. Shinagawa
Research Institute for Microbial Diseases,
Osaka Univ.

Structure-function relationships of protein complexes as studied
by X-ray crystallography

94-G063

0 . Matsumoto
Faculty of Bioscience and Biotechnology,
Tokyo Institute of Technology

Stereo structural motifs on functional nucleic acid fragments

94-G064

A. Takenaka
Faculty of Bioscience and Biotechnology,
Tokyo Institute of Technology

Structural analysis on pyrvate dehydrogenase complex

94-G065

A. Takenaka
Faculty of Bioscience and Biotechnology,
Tokyo Institute of Technology

X-ray analysis of a modelate thermostable enzyme,
3-isopropyImalate dehydrogenase

94-G066

O. Matsumoto
Faculty of Bioscience and Biotechnology,
Tokyo Institute of Technology

Dynamic reaction mechanisms on rucleases

94-G067

T. Nonaka
Faculty of Engineering,
Nagaoka Univ. of Technology

Dynamic structure analysis of ribonuclease A and ribonuclease
S by time-resolved laue method

94-G068

M. Tanokura
Graduate School of Science,
Univ. of Tokyo

Study of catalytic mechanism of acid proteinases by timeresolved laue method

94-G069

N. Watanabe
Photon Factory,
KEK

High resolution crystal structure analysis of oo-amino
acid transaminase

94-G070

Y. Hata
Institute for Chemical Research,
Kyoto Univ.

Structural study on reaction mechanism of dehalogenase by
X-ray method

94-G071

M. Hirai
Faculty of Engineering,
Gunma Univ.

Structure formation and phase transition of polymer systems
under electromagnetic field

94-G072

M. Kataoka
Faculty of Science,
Osaka Univ.

Effects of calcium-binding on solution structures of EF-hand
calcium regulatory proteins

94-G073

M. Kataoka
Faculty of Science,
Osaka Univ.

Solution structures of molten globule and denatured states of
globular proteins

94-G074

K. Hara
Faculty of Engineering,
Kyushu Univ.

Time resolved observation of polymer gel during dehydrating
process

94-G075

Y. Muroga
School of Engineering,
Nagoya Univ.

Investigation of the conformational change of a-tropomyosin
by SOR-SAXS

G-21

Proposal
Number

Spokesperson

Title

94-G076

T. Yamaguchi
Faculty of Science,
Fukuoka Univ.

Small-angle X-ray scattering from solution of bile salt

94-G077

F. Tokunaga
Faculty of Science,
Osaka Univ.

Light-induced structural change of aminoacide-substituted
bacteriorhodopsin

94-G078

H. Kihara
Kansai Medical Univ.

Detection and analysis of protein folding intermediates
monitored by stopped-flow X-ray scattering method

94-G079

H. Iwamoto
School of Medicine,
Teikyo Univ.

Effect of shortening on X-ray equatorial reflections from
submaximally activated skeletal muscle fibers

94-G080

Y. Tajima
Faculty of Science,
Tokyo Metropolitan Univ.

Changes in the X-ray diffraction pattern due to actin-myosin
interaction in isometrically contracting muscle

94-G081

S. Matsuoka
Sapporo Medical College

Phase sequence during the main transition of phospholipid
multilamellar vesicles

94-G082

P. J. Quinn
Department of Biochemistry,
King's College London

Dynamic phase behaviour of mixed aqueous dispersions of
phospholipids and diacylglycerols

94-G083

S. Ueno
Faculty of Applied Biological Science
Hiroshima Univ.

Dynamics of polymorphic phenomena in triacylglycerols

94-G084

H. Kihara
Kansai Medical Univ.

Analysis of the folding intermediate of cytochrom c using
pH jump method

94-G085

Y. Sugishita
Institute of Clinical Medicine,
Univ. of Tsukuba

Quantitative evaluation of transvenous coronary arteriography
using synchrotron radiation: its ability for measuring coronary
blood flow

94-G086

K. Kobayashi
Photon Factory,
KEK

Measurement of absorption spectra of biological molecules in
aqueous solution

94-G087

T. Megumi
Research Inst. for Advanced Sci. and Tech..
Univ. of Osaka Prefecture

Phosphorylation of adenosine with monochromatic X-ray of
K-shell absorption edge of phosphorus

94-G088

K. Hieda
College of Science,
Rikkyo Univ.

Effects of water on the induction of DN A strand breaks by the
K-shell ionization of phosphorus

94-G089

N. Usami
Photon Factory,
KEK

Cell cycle dependence for biological effects by irradiation with
monochromatic X-rays on S. cerevisiae

94-G090

N. Usami
Photon Factory,
KEK

Determination of Cleavage site produced by inner-shell
photoabsorption of bromine in bromine-labelled
oligonucleotide

G-22

Proposal
Number

Spokesperson

Title

94-G091

K. Kobayashi
Photon Factory,
KEK

Measurement of mass attenuation coefficient of air in soft
X-ray region

94-G092

S. Iida
Faculty of Science,
Toyama Univ.

Observation of X-ray speckle

94-G093

M. Yashima
Research Laboratory of Engineering
Tokyo Institute of Technology

Lattice parameter and oxygen displacement of tetragonal
zirconia solid solutions

94-G094

T. Otake
Ocean Research Institute,
Univ. of Tokyo

Distribution of trace elements in tissues of anguillid
leptocephali

94-G095

S. Honma
National Institute for
Environmental Studies

Nondestructive SR-XRF imaging of trace elements in tissue
or cell of biological samples

94-G096

Y.Ikeda
Tokyo Univ. of Fisheries

The effect of environmental chemical pollutants on fish scales

94-G097

M. Okuno
Faculty of Science,
KanazawaUniv.

Structural study of high-magnesium carbonate crystals in
echinoid teeth

94-G098

H. Toraya
Ceramics Research Laboratory
Nagoya Institute of Technology

Test of long horizontal parallel slits for synchrotron powder
diffraction and its application to structure analysis

94-G099

K. Ishida
Faculty of Science and Technology,
Science Univ. of Tokyo

Study of electronic state of copper in high-Tc compounds
by X-ray powder diffraction near the Cu-K-edge

94-G100

T. Yamanaka
College of General Education,
Osaka Univ.

Cation distribution and phase transition in the solid solution

94-G101

M. Miyamoto
Graduate School of Science,
Univ. of Tokyo

Determination of crystallographic orientation of small
Ca-exsolved phase of olivine in an angrite meteorite

94-G102

M. Ohmase
Faculty of Science,
Himeji Institute of Technology

Studies on micro-structures in plagioclase crystals

94-G104

Y. Takanishi
Faculty of Engineering,
Tokyo Institute of Technology

Precise analysis of layer structure in ferroelectric and
antiferroelectric smectic liquid crystals

93-G105

T. Shimura
Faculty of Engineering,
Osaka Univ.

X-ray diffraction study of microcrystallinity in SiO2 thin films
on the Si surface

94-G106

I.Takahashi
School of Engineering,
Nagoya Univ.

Study of structure and interface morphology of ferroelectric
thin-films by X-ray CTR scattering

G-23

Proposal
Number

Spokesperson

Title

94-G107

Y. Kondo
Faculty of Engineering,
Tohoku Univ.

Defect production by Rb-ls and I-ls core excitation in RbCl
andKI

94-G108

H. Suematsu
Graduate School of Science,
Univ. of Tokyo

Phase transitions and structural study of monolayer systems

94-G109

E. Matsubara
Faculty of Engineering,
Kyoto Univ.

Anomalous X-ray scattering study of plating bath for induced
codeposition of Mo-Ni and Co-W amorphous alloys

94-G110

T. Yagi
Institute for Solid State Physics,
Univ. of Tokyo

In situ X-ray observation of the iron hydride under high
temperature and high pressure

94-G111

I. Shirotani
Muroran Institute of Technology

Phase transition of NaCl type metal phosphides at high
pressures

94-G112

H. Yamaguchi
Electrotechnical Laboratory

X-ray diffraction study of CuGeO3 under high pressure

94-G113

H. Kawamura
Faculty of Science,
Himeji Institute of Technology

Pressure-induced structural phase transition in oxygen up to
megabar pressure

94-G114

A. Onodera
Faculty of Engineering Science,
Osaka Univ.

Search for pressure-induced structural phase transitions in
aluminum pnictides

94-G115

T. Nakajima
Photon Factory,
KEK

Study of structural phase transformation by SR X-ray
diffraction at milli-kelvin region

94-G116

Y. Ishikawa
Faculty of Science,
Toyama Univ.

Study of search for the structural change and the stability of
CeNiSn as the anisotropic semiconducting dense Kondo lattice

94-G117

K. Tsuji
Faculty of Science and Technology,
Keio Univ.

Amorphization from the quenched high pressure phase in
tetrahedrally-bonded materials

94-G118

M. Sakata
School of Engineering,
Nagoya Univ.

Successive structural transitions of La2-x-yNdyMxCu04
(M=Ba, Sr)

94-G119

M.Mori
Department of Natural Science Informatics,
Nagoya Univ.

Icosahedral-icosahedral phase transition of Al-Pd-Mn
quasicrystals

94-G120

Y. Kudo
Faculty of Science,
Tohoku Univ.

Effect of pressure on the crystal structure of phase F

94-G121

M. Shiono
Faculty of Science,
Kyushu Univ.

Absolute structure determination of CsCuCl3 and origin of
double helical magnetic structure

G-24

Proposal
Number

Spokesperson

Title

94-G122

M. Sawada
Crystal structures of permethylated cyclofructanes with
Institute of Scientific and Industrial Research, metallic cations
Osaka Univ.

94-G123

Y. Soejima
Faculty of Science,
Kyushu Univ.

Structure determination by differential patterson using
anomalous dispersions

94-G124

S. Morimoto
Faculty of Engineering Science,
Osaka Univ.

Precise structure analysis of perovskite oxide: CaFeO3
containing Fe4+

94-G125

S. Kutsumizu
Faculty of Engineering,
Gifu Univ.

Temperature influences on the ionic aggregation in ethylene
ionomers

94-G126

T. Hirai
Faculty of Textile Science and Technology,
Shinshu Univ.

Processes of fixing-and-releasing of strain in shape-memorizing
polymer hydrogels

94-G127

E. Matsubara
Faculty of Engineering,
Kyoto Univ.

Study on the precipitation behavior or nanometer-sized fee
particles in Al-Ni-Re amorphous alloys by anomalous
small-angle X-ray scattering

94-G128

A. Kawaguchi
Institute for Chemical Research,
Kyoto Univ.

Conformational chance of ultra-drawn ultra-high molecular
weight polyethylene in the process of melting

94-G129

T. Yamaguchi
Faculty of Science,
Fukuoka Univ.

Small-angle X-ray scattering from aqueous solutions of long
chain polyoxyethylene surfactants

94-G130

K. Tashiro
Faculty of Science,
Osaka Univ.

Synchrotron X-ray study on crystallization kinetics of
polyethylene blends

94-G131

Y. Masumoto
Institute of Physics,
Univ. of Tsukuba

Small angle X-ray scattering of CuBr clusters and
michrocrystals

94-G132

Y. Amemiya
Photon Factory,
KEK

Development of X-ray TV detectors for diffraction studies and
its application

94-G134

S. Kishimoto
Photon Factory,
KEK

Time spectroscopy of nuclear excitation with an avalanche
photodiode detector

94-G135

M. Suzuki
Institute of Physical and Chemic

Development of a proportional scintillation X-ray imaging
chamber

94-G136

J. G. Thompson
Research School of Chemistry,
Australian National Univ.

Metal atom ordering in fluorite-related composite modulated
Nb2Zrx.202x+i (x=7.1-10.3) solid-solution

93-G137

E. N. Maslen
Department of Physics,
Univ. of Western Australia

Accurate synchrotron radiation Ap imaging of materials for
archetypal significance to chemical behaviour and the physical
properties of materials

G-25

Proposal
Number

Spokesperson

Title

94-G138

K. Ishida
Faculty of Science and Technology,
Science Univ. of Tokyo

Measurement of dynamical rocking curves of a Ge (GaAs)
single crystal near the absorption edge

94-G139

0 . Sakata
Research Lab. of Engineering Materials,
Tokyo Institute of Technology

In-plane structure analysis of As/Si (100) and other surfaces
using the grazing-angle X-ray standing wave method

94-G140

H. Hashizume
Research Lab. of Engineering Materials,
Tokyo Institute of Technology

X-ray structures of dimers and atomic steps on silicon and
gallium arsenide (100) surfaces

94-G141

S. Urakawa
Faculty of Science,
Okayama Univ.

Experimental study on the structure change of molten KCI and
KBr under high pressure

94-G142

K. Mizuno
Faculty of Science,
Shimane Univ.

First stage of formation process of dislocation loops as a
vacancy source and sink

94-G143

H. Nakajima
Interdisciplinary Graduate School of
Engineering Science,
Kyushu Univ.

In-situ observation of grain boundary migration in Fe-3%Si
alloys

94-G144

K. Hirano
Photon Factory,
KEK

Development of X-ray polarizing microscopy

94-G145

J. Yoshimura
Faculty of Engineering,
Yamanashi Univ.

Study of the nonprojectiveness of X-ray Moir6-Fringe patterns

94-G146

A. Iida
Photon Factory,
KEK

Material characterization using X-ray micro-probe

94-G147

S. Nanao
Institute of Industrial Science,
Univ. of Tokyo

Study of magnetic structure of rare earth alloys by magnetic
bragg scattering

94-G148

H. Fujihisa
Institute for Solid State Physics,
Univ. of Tokyo

Pressure dependence of electron density distribution on iodine
by powder X-ray diffraction

94-G149

T. Yagi
Institute for Solid State Physics,
Univ. of Tokyo

Study of the equation of state for lower mantle minerals and
the effect of non-hydrostaticity

94-G150

M. Imai
National Research Institute for Metals

Pressure-induced phase transitions of the alkaline earth-metal
disilicides

94-G151

Y. Fukai
Chuo Univ.

A novel mechanism of metal-hydride formation

94-G152

K. Kusaba
Institute for Materials Research,
Tohoku Univ.

Pressure-induced phase transitions of AgCl

G-26

Proposal
Number

Spokesperson

Title

94-G153

K. Tsuji
Faculty of Science and Technology,
Keio Univ.

Density of liquid selenium and tellurium under pressure

94-G154

K. Tsuji
Faculty of Science and Technology,
Keio Univ.

Structure of liquid alkali metals under pressure

94-G155

T. Makita
Japan Atomic Energy Research Institute

Stress-induced martensitic transformation in gold and silver
based P-phase alloys

94-G156

I. Shirotani
Muroran Institute of Technology

Phase transition of ZrRuP and HfRuP at high temperatures
and pressures

94-G157

T. Yamasaki
Fsculyt of Engineering,
Himeji Institute of Technology

Structural study of decomposition of metal-hydrides during
heating at high pressures

94-G158

T. Iwazumi
Photon Factory,
KEK

Polarization analysis of fluorescent X-rays

94-G159

H. Maruyama
Faculty of Science,
Okayama Univ.

2p-MCXD studies on Pd in itinerant-ferromagnetic Pd-M
alloys (M=Fe, Co and Ni)

94-G160

S. Nanao
Institute of Industrial Science,
Univ. of Tokyo

Magnetic circular dichroism in RE-TM amorphous thin films

94-G161

J. Chaboy
Facultad de Ciencias,
CSIC

Magnetic X-ray dichroism study on the rare earth L-edges and
Iron K-edge in the case of permanent magnets RE2Fei4BHx

94-G162

G. Oomi
Faculty of General Education,
Kumamoto Univ.

Development of compton scattering technique at high pressure

94-G163

C. Uyama
National Cardiovascular Center

Development of fluorescent X-ray CT

94-G164

I. Sato
Photon Factory,
KEK

Vibration and alignment issues on linac beam characteristics

94-G165

H. Kobayashi
Photon Factory,
KEK

Generation of synchrotron radiation and slow positrons using
2.5 GeV linac

94-G166

Y. Ito
Research Center for Nuclear Sci. and Tech.,
Univ. of Tokyo

Storage of pulsed slow positrons

94-G167

S. H. Be
Institute of Physical and Chemical Researd

Study of photodesorption using high energy photon beam

94-G168

K.Ueda
Research Inst. for Scientific Measurements,
Tohoku Univ.

Electronic decay and ionic fragmentation following core
excitation of CHXF4.X
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Proposal
Number

Spokesperson

Title

94-G169

Y. Tezuka
Institute for Solid State Physics,
Univ. of Tokyo

Resonant soft X-ray emission and resonant photoemmition
study on light transition metal compounds

94-G170

M. Yanagihara
Research Inst. for Scientific Measurements,
Tohoku Univ.

Study of the relaxation of the core-hole excited states by
measuring soft-X-ray emission spectra and the polarization

94-G171

T.Nagata
Faculty of Science and Technology,
Meisei Univ.

Measurement of absolute photoionization cross sections of
rare-earth atoms

94-G172

Y. Azuma
Photon Factory,
KEK

Time-of-flight measurements of lithium multiple
photoionization

94-G173

K.Ueda
Research Inst. for Scientific Measurements,
Tohoku Univ.

Relaxation dynamics of core-excited molecules proved by
angle-resolved photoion spectroscopy: BF3

94-G174

S. Suga
Faculty of Engineering Science,
Osaka Univ.

High resolution photoemission spectroscopy of TM and
L-pnictides

94-G175

K. Tanaka
Photon Factory,
KEK

Mass spectrometric study on reaction mechanism of
photochemical etching

94-G176

H. Namba
Faculty of Science,
Univ. of Tokyo

Electronic states of single crystal stepped surfaces studied by
ARUPS

94-G177

S. Aoki
Institute of Applied Physics,
Univ. of Tsukuba

3-dimensiona! imaging by soft X-ray holography

94-G178

Y. Kitajima
Photon Factory,
KEK

Surface reconstruction of metal single crystals induced by
atomic adsorption

94-G179

J. Kawai
Faculty of Engineering,
Kyoto Univ.

Chemical state analysis of sulfur in coal fly ash

94-G180

A. Misu
Faculty of Science,
Science Univ. of Tokyo

Magneto-optical study of magnetic interaction in rare earth iron
oxides

94-G181

Y. Sakisaka
Faculty of Science,
Hirosaki Univ.

Nature and adsorbate-induced modification of surface states on
Cr(100)and(ll0)

94-G182

K. Edamoto
Faculty of Science,
Tokyo Institute of Technology

Angle-resolved photoemission study of the SiC layers formed
on a Si surface

G-28

Proposal
Number

Spokesperson

Title

94-G183

H. Kobayashi
Research Center for
Photoenergetics of Organic Materials,
Osaka Univ.

Observation of surface states in the semiconductor band-gap by
means of UPS

94-G184

A. Nishijima
National Institute of Materials and
Chemical Research

Study on surface structure of silica-alumina catalyst by XPS
with variable incident energy

94-G185

K. Furuya
Faculty of Science,
Science Univ. of Tokyo

Electronic structure analysis of metal nitrides measured by N
K-edge spectra

94-G186

K. Edamoto
Faculty of Science,
Tokyo Institute of Technology

Photoemission spectroscopy study of the Na, K, Cs adsorbed
NbC(l 11) surface

94-G187

Y. Saito
Seikei Univ.

Vacuum-ultraviolet-light assited reaction at surface and
interface of silicon-related materials

94-G188

A. Kakizaki
Institute for Solid State Physics,
Univ. of Tokyo

Electronic states of Ce/Ni and Ce/Pd

94-G189

S. Kono
Research Inst. for Scientific Measurements,
Tohoku Univ.

ARPES study of the electronic structures of single-domain
Si(OOl) surfaces with adsorbates of Al, Ga and In

94-G191

S. Suga
Faculty of Engineering Science,
Osaka Univ.

ARUPS study of transition metal atom adsorbed TiS2 and

94-G192

H. Daimon
Faculty of Engineering Science
Osaka Univ.

Angle-resolved photoelectron spectroscopy of the Si(l 11) 3x1(Alkali or Ag)

94-G193

S.Imada
Faculty of Engineering Science,
Osaka Univ.

Spin-resolved photoemission of transition-metal and rare-earth
compounds

94-G194

C. Egawa
Faculty of General Education,
Utsunomiya Univ.

Study of the electronic states of fee iron films on a Rh(001)
surface

94-G195

Y. Hatano
Faculty of Science,
Tokyo Institute of Technology

Dissociation of superexcited hydrogen molecules studied using
pulsed synchrotron radiation under the single bunch operation
ofPF(II)

94-G196

Y. Hatano
Faculty of Science,
Tokyo Institute of Technology

Two dimensional measurements of fluorescence from neutral
fragments produced by photo-dissociation of superexcited
molecules

94-G197

S. Suga
Faculty of Engineering Science,
Osaka Univ.

Magnetic circular dichroism in soft and hard XAS of
ferromagnets

94-G198

H. Daimon
Faculty of Engineering Science,
Osaka Univ.

Photoelectron holography
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Proposal
Number

Spokesperson

Title

94-G199

S. Nakai
Faculty of Engineering,
Utsunomiya Univ.

Soft X-ray resonant Raman scattering and resonant Auger
electron spectra

94-G200

A. Yonath
Max Planck Research Unit,
DESY

Crystallography of ribosomes

94-G201

R. R. Chistyakov
Zelenograd Research Institute of
Physical Problems

X-ray investigation of magnetic phase diagram of Tb

94-G202

Y. Iwasawa
Graduate School of Science,
Univ. of Tokyo

Development of embedded catalysts and their reaction
mechanisms studied by EXAFS

94-G203

Y. Iwasawa
Graduate School of Science,
Univ. of Tokyo

Dynamic study of surface structure of ultra-thin catalyst
support under reaction conditions

94-G204

Y. Nishiyama
Institute for Chemical Research Science,
Tohoku Univ.

The structure of metal particles in hectrile which has
size-controlled pore

94-G205

Y. Okamoto
Faculty of Engineering Science,
Osaka Univ.

Structural transformation and deactivation mechanism of
catalytically active copper species on supported copper
catalysts

94-G206

M. Ichikawa
Catalysis Research Center,
Hokkaido Univ.

Temperature dependence of EXAFS spectra of the entrapped
metal clustes in zeolite supercages

94-G207

M. Nagao
Faculty of Science,
Okayama Univ.

Specific feature of copper-ion-exchanged zeolites for
dinitrogen adsorption

94-G208

T. Miyanaga
Faculty of Science,
Hirosaki Univ.

Local structure of isolated mixed chalcogen chains confined
in the channels of zeolite

94-G209

Y. Kou
Lamzhou Institute of Chemical Physics,
Chinese Academy of Sciences

XAFS studies on the surface coordinate geometry of fischer
tropsch catalysts

94-G210

J. S. Lee
Department of Chemical Engineering,
POSTECH

XAFS study of organo-Cr or Sn modification of supported Ni
catalyst

94-G211

J. C. Park
Department of Chemistry,
Pusan Women's Univ.

XAFS studies on the intracrystalline structure of metal
complexes stabilized in an interlayer space of 2-dimensional
host compounds

94-G213

L. Borineviot
Department of Chemistry,
Laval Univ.

Coordination of titanium and vanadium in bimetallic vanadium
titanium silicalites

94-G214

Y. Abe
Faculty of Science and Technology,
Science Univ. of Tokyo

Investigation on the structure of polyzirconoxanes in a liquid
and a solid state

G-30
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94-G215

M. Kojinia
Faculty of Science,
Okayama Univ.

EXAFS studies on the configurational changes of
oxovanadium(IV) complexes

94-G216

M. Sato
Faculty of Engineering,
Kogakuin Univ.

Structure and formation mechanism of multinuclear Fe(III)
complexes

94-G217

K. Ozutsumi
Department of Chemistry,
Univ. of Tsukuba

Coordination structure around lanthanide(III) ions in
nonaqueous solvent mixtures

94-G218

S. Ikeda
Ryukoku Univ.

Structural studies on macrocydic metal complexes in solid
state and nonaqueous solvents

94-G219

Y.Yukawa
Faculty of Science,
Niigata Univ.

XAFS of lanthanoid hexacyanocobaltate(III) hydrates

94-G220

I. Watanabe
Faculty of Science,
Osaka Univ.

Structure analysis of solution surface by total-reflection
total-electron-yield XAFS

94-G221

S. Kashino
Faculty of Science,
Oskayama Univ.

Temperature dependence of local structure around Rb+ and/or
Cs + ions in Rb2CsC60

94-G222

H. Maeda
Faculty of Science,
Okayama Univ.

XAFS study on the Debye-Waller factor in superconductors

94-G223

Y. Kubozono
Faculty of Science,
Okayama Univ.

EXAFS study on local structure of various Rb doped fullerene
superconductors

94-G224

K. Kajiwara
Faculty of Engineering and Design,
Kyoto Institute of Technology

Local structural change in the vicinity of metal cations on
Sol-Gel transition of polysaccharide solutions

94-G225

A. Ishida
Institute of Scientific and Industrial
Osaka Univ.

EXAFS study on the coordination change of Eu3+ induced by
photochemical reduction

94-G226

T. Yokoyama
Graduate School of Science,
Univ. of Tokyo

Anharmonic interatomic potentials of simple metal complexes
determined by EXAFS

94-G227

J. Yamakawa
Faculty of Science,
Okayama Univ.

Temperature dependence of Debye-Waller factor in Bi2Cu04 by
EXAFS

94-G228

T. Mukoyama
Institute for Chemical Research,
Kyoto Univ.

X-ray absorption spectroscopy on the fluorination of benzyl
halide by the combination of lead fluoride and sodium salt

94-G229

T. Moriga
Faculty of Engineering,
Tokushima Univ.

XAFS study on crystallization of calcium carbonate family

G-31

Proposal
Number
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94-G231

Y. Kawamoto
Faculty of Science,
Kobe Univ.

Local structures and optical properties of transition metals
(Ni2+, Eu3+ and Er3*) in heavy metal fluoride glasses

94-G232

S. Sugiyama
Faculty of Science,
Tokushima Univ.

The relationship between the structure of hydroxyapatites and
the catalytic activity for methane oxidation

94-G233

D. W. Moon
Korea Research Institute of
Standards and Science

XAFS analysis of Cu/SiO2 and Fe/SiO2 thin films by ion
implation method

94-G234

D. W. Moon
Korea Research Institute of
Standards and Science

Fluorescence XAFS analysis of Ta2O5/Si thin film by beam
assisted deposition

94-G235

J. H. Choy
Department of Chemistry,
Seoul National Univ.

XAFS study on the third-row transition metal ions stabilized
in an octahedral crystal-field with various oxidation state

94-G236

J. H. Choy
Department of Chemistry,
Seoul National Univ.

Application of X-ray absorption spectroscopy to the evolution
of geometric and electronic structure of superconductor upon
intercalation and electrochemistry

94-G237

S. Shin
Institute for Solid State Physics,
Univ. of Tokyo

The study of the local structures in the perovskite-type
protonic conductors

94-G238

T. Mukoyama
Institute for Chemical Research,
Kyoto Univ.

Study of [LM] double electron excitation processes in Xe

94-G239

S. Tohno
Institute of Atomic Energy,
Kyoto Univ.

EXAFS analysis on the local structure of metal-semiconductor
nano-composite particles (CdS-Ag, CdTe-Ag)

94-G240

Y. Takeda
School of Engineering,
Nagoya Univ.

Fluorescence EXAFS study on ordering structure of
heteroepitaxialy grown InGaAs

94-G241

Y. Takeda
School of Engineering,
Nagoya Univ.

Fluorescence EXAFS study on local structure of Fe/Cu
multiple layer

94-G242

Y. Inoue
Institute of Physical and Chemical Research

Fluorescence XAFS study on structure and function of
the Mn-duster in intermediate state of photosynthetic oxygen
evolution

94-G243

T.Ono
Institute of Physical and Chemical Research

Fluorescence XAFS study on structure and function of Ca
atom in photosynthetic oxygen evolving system; Sr
substitution study

94-G244

Y. Shiro
Institute of Physical and Chemical Research

Fluorescence XAFS study on iron environmental structure of
novel hemoproteins

94-G245

Y. Nishiyama
Institute for Chemical Reaction Science,
Tohoku Univ.

The organic sulfur forms in coal and its desulphurization
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94-G246

S. Hayakawa
Faculty of Engineering,
Univ. of Tokyo

Surface sensitive XAFS with X-ray excited sample current
detection

94-G247

H. Yamazaki
Faculty of Science,
Okayama Univ.

Magnetic XAFS study of magnetic structures and electronic
states on Mn-Gd alloys

94-G248

Y. Kitagawa
Institute for Protein Research,
Osaka Univ.

Crystallographic study of the enzymatic reaction of
achrombactor protease I

94-G249

S. Aibara
Research Institute for Food Science,
Kyoto Univ.

Evaluation and structure analysis of the protein
crystalsprepared in space microgravity

94-G250

K. Miki
Faculty of Science,
Kyoto Univ.

X-ray crystallographic studies of a dioxygenase,
metapyrocatechase

94-G251

K. Miki
Faculty of Science,
Kyoto Univ.

X-ray crystallographic studies of farnesyl diphosphate
synthase

94-G252

0. Nureki
Institute of Physical and Chemical Research

X-ray crystallography of aminoacyl-tRNA synthetases

94-G253

S. Adachi
Institute of Physical and Chemical Research

X-ray diffraction studies of Nitric oxide reductaes
cytochrome P450uor

94-G254

Y. Sugawara
Kitasato Univ.

Crystal structure analysis of aleuria aurantia lectin

94-G255

M. Yamamoto
Institute of Physical and Chemical Research

Crystal structure analysis of metalloproteinase, HR-2a and
H2-proteinase

94-G256

Y. Shirakihara
Hyogo Univ. of Education

X-ray crystal analysis of arginine deiminase

94-G257

N. Tanaka
Faculty of Bioscience and Biotechnology,
Tokyo Institute of Technology

Structural studies of isopropylmalate deliydrogenase with
substrate

94-G258

N. Tanaka
Faculty of Bioscience and Biotechnology,
Tokyo Institute of Technology

Structural studies of isocitrate dehydrogenase

94-G259

S. W. Sun
College of Natural Science,
Seoul National Univ.

Structural investigations on the active sites of DNApolymerase, oc-amylase, and RNA N-glycosidase

94-G260

R. J. Read
Department of Medical Microbiology
and Infections Diseases,
Univ. of Alberta

X-ray data collection on pertussis toxin

94-G261

S. J. Lippard
Department of Chemistry,
Massachusetts Institute of Technology

X-ray crystallographic studies of methane monooxygenase
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94-G262

A. Mondragon
Department of Biochemistry,
Northwestern Univ.

Structural studies of type IDNA topoisomerases

94-G263

J. N. Varghese
Biomolecular Research Institute

Influenza neuraminidase antibody complexes and inhibitor
complexes

94-G264

J. N. Varghese
Biomolecular Research Institute

Structural studies of glucanases from barley seeds

94-G265

P. Curmi
School of physics,
UNSW

Crystal structure of the chaperonins: GroEL & GroES proteins that fold proteins

94-G266

P. Curmi
School of physics,
UNSW

Crystal structure of myosin light chains and rubisco

94-G267

J. Martin
Center for Drug Design Develop.,
Univ. of Queensland

X-ray crystallographic studies on complexes formed between
HIV-1 protease and non-peptidic inhibitors

94-G268

J. Martin
Center for Drug Design Develop.,
Univ. of Queensland

X-ray crystallographic studies on protein folding factors

94-G269

K. Z. Pan
Fujian Inst. of Res. on the Str. of Matter,
Chines Academy of Sciences

X-ray crystallography of ribosome inactivating proteins

94-G270

D. Stuart
Laboratory of Molecular Biophysics,
Univ. of Oxford

Structural studies on proteins of medical importance

94-G271

H. Michel
Max-Planck-Institute fur Biophisk

X-ray crystallographic analysis of the B800-850 lightharvesting complex from rhodospirillum molischianum

94-G272

L. T. J. Delbaere
Department of Biochemistry,
Univ. of Saskatchewan

Structure determination ofphosphoenolpyruvate carboxykinase
from escherichia coli K12

94-G273

M. Guss
Department of Biochemistry,
Univ. of Sydney

Protein crystallography: the structures of metalloproteins

94-G274

M. Guss
Department of Biochemistry,
Univ. of Sydney

Protein crystallography: ATPase components and
glycosaminoglycan degrading enzymes

94-G275

M. C. Lawrence
Biomolecular Research Institute

The structure and enzymatic mechanisms of sialic acid binding
proteins: sialic acid aldolase and haemagglutinin neuraminidase

94-G276

K. Nagai
Structural Studies Division,
MRC Laboratory of Molecular Biology

Crystallographic studies of RNA-protein complexes within
pre-mRNA splicing machinery

94-G277

S. Ikemizu
Institute of Applied Biochemistry
Univ. of Tsukuba

Crystallographic studies on substrate complexes of
co-amino acid: pyruvate aminotransferase

G-34
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94-G278

S. Harada
Faculty of Pharmaceutical Sciences,
Univ. of Tokyo

Dynamical crystal structure analysis of neutral protease, SCNP

94-G279

S. Adachi
Institute of Physical and Chemical Research

Time-resolved Laue crystallographic study of ligand binding
dynamics of myoglobin

94-G282

S. Harada
Faculty of Pharmaceutical Sciences,
Univ. of Tokyo

X-ray structure analysis of taste-modifying protein, curculin

94-G283

T. Kato
Faculty of Science,
Tokyo Metropolitan Univ.

Structure of giant micelles in aqueous solutions of surfactants

94-G284

S. Sakurai
Dept. of Polymer Science and Engineering,
Kyoto Institute of Technology

Ordering process of microseparated structures in block
copolymers

94-G285

M. Imai
Institute for Solid State Physics,
Univ. of Tokyo

Ordering process during induction period of crystallization of
polymers

94-G286

R. Niki
Hokkaido Univ.

Characterization of 3-casein micelle in the presence of calcium
ion

94-G287

Y. Sano
National Food Research Institute

Internal structure of southern Bean mosaic virus

94-G288

K. Fujimoto
Faculty of Science and Technology,
Keio Univ.

Observation of the initial process of the precipitation
polymerization

94-G289

S. Aibara
Research Institute for Food Science,
Kyoto Univ.

Analysis of molecular mechanisms of wheat protein viscoelasticity

94-G290

Y. Hiragi
Institute for Chemical Research,
Kyoto Univ.

Structural kinetics of formation and deformation process of
chaperonin from a thermophilic bacterium

94-G291

K. Kajiwara
Faculty of Engineering and Technology,
Kyoto Institute of Technology

Conformation and gelation of alginic acid in aqueous solutions

94-G292

M. Takahashi
Faculty of Textile Science and Design,
Shinshu Univ.

Polysaccharide-polysaccharide interaction mediated by water in
polysaccharide/water system

94-G293

H. Urakawa
Faculty of Engineering and Design,
Kyoto Institute of Technology

Conformation of highly regularly branched polymer in
solutions

94-G294

H. Urakawa
Faculty of Engineering and Design,
Kyoto Institute of Technology

Architecture dependence of polylactide crystallisation
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Number

Spokesperson
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94-G295

M. Tanokura
Biotechnology Research Center,
Univ. of Tokyo

Analysis of the folding intermediate of aspergillus niger acid
proteinase A using pH jump method

94-G296

I. Hatta
School of Engineering,
Nagoya Univ.

Electron density of phospholipid bilayers studied by a
maximum entropy method

94-G297

H. Tsuruta
SSRL,
Stanford Univ.

Heterotropic allosteric transition of aspartate transcarbamylase
studied with time-resolved solution X-ray scattering

94-G298

K. Takakura
College of Liberal Arts,
International Christian Univ.

Strand breaks in DNA induced by inner shell ionization of
metals

94-G299

A. Yokoya
Japan Atomic Energy Research Institute

Photoabsorption spectroscopy of biological molecules in
the energy region of ultrasoft X-rays

94-G300

H. Maezawa
School of Medicine,
Tokai Univ.

Transformation of human cells induced by the K-shell
photoionization of phosphorus atoms

94-G301

H. Maezawa
School of Medicine,
Tokai Univ.

Induction of strand breaks on pBR322 DNA following Gd
inner-shell photoionization

94-G302

K. Hieda
College of Science,
Rikkyo Univ.

DNA strand breaks by X-ray absorptions at iodine L-shell in
iododeoxyuracil substituted plasmid DNA

94-G303

Y. Itai
Institute of Clinical Medicine,
Univ. of Tsukuba

Angiography with synchrotron radiation

94-G304

Y. Itai
Institute of Clinical Medicine,
Univ. of Tsukuba

Monochromatic X-ray computed tomography for biomedical
research

94-G305

T. Saito
Jichi Medical School

X-ray contact microscopy of enzyme cytochemistry by X-ray
zooming tube

94-G306

N. Nishizawa
Univ. of Tokyo

Analysis of the microelemental states in plants

94-G307

M. Wakatsuki
Institute of Materials Science,
Univ. of Tsukuba

X-ray fluorescence analysis of the growth medium originated
impurities in diamond single crystals

94-G308

A. Iida
Photon Factory,
KEK

Characterization of local layer structure of liquid crystals
using X-ray microprobe

94-G309

M. Tanaka
Photon Factory,
KEK

Powder X-ray diffraction studies on structure and phase
transition of perovskite type REA103

94-G310

H.Maeda
Japan Atomic Energy Research Institute

Diffuse scattering studies on secondary defects of quenched
fee metals
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94-G312

M.Takata
School of Engineering,
Nagoya Univ.

Studies on structure and quantum size effects of nanocrystals
in glass

94-G313

Y. Ono
Graduate School of Science,
Univ. of Tokyo

Intersite ion distribution of synthetic zirconolite

94-G314

T.Yamanaka
Faculty of Science,
Osaka Univ.

Mechanism of pressure-induced amorphization of Ca(OH)2
and Mg(OH)2

94-G315

H. Horiuchi
Faculty of Science,
Univ. of Tokyo

Studies on the structure and phase transition of REA103
(RE: rare-earth elements)

94-G317

M. Saito
Institute for Advanced Materials Processing,
Tohoku Univ.

Anomalous X-ray scattering study of cuprous halide-based
superionic conducting glasses

94-G318

E. Matsubara
Kyoto Univ.

Structural analyses of nanometer-sized precipitates in Al-based
amorphous alloys by the DAFS method

94-G319

H. Yamaoka
Faculty of Engineering,
Kyoto Univ.

Characterization of thin polymer films by X-ray reflectometry

94-G320

H. Hashizume
Research Lab. of Engineering Materials
Tokyo Institute of Technology

Microstructures of polished silicon surfaces by measurements
of non-specuiar grazing-angle X-ray reflections

94-G321

E. Matsubara
Kyoto Univ.

Structural analyses of amorphous oxide films by the grazing
incident X-ray scattering (GIXS) method

94-G322

K. Uosaki
Faculty of Science,
Hokkaido Univ.

Structural study of semiconductor single crystal electrode/
electrolyte solution interfaces by surface X-ray scattering at
atomic level

94-G323

M. K. Sanyal
Saha Institute of Nuclear Physics

Grazing incidence synchrotron X-ray scattering study of
multilayer interfaces

94-G324

A. Koma
Graduate School of Science,
Univ. of Tokyo

Analysis of structure and growth mechanism of van der waals
epitaxial films

94-G325

M. Harju
Photon Factory,
KEK

Time resolved microcrystal laue investigation of the unknown
structure of ammonium nitrate phase II*

94-G326

A. Yoshiasa
Faculty of Science,
Osaka Univ.

Crystal structure refinement of Sr 4 Fe 6 0 i3

94-G327

N. Sasaki
Faculty of Education,
Kagawa Univ.

Crystal structure analysis of aluminum borate whisker
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94-G328

K. Tanaka
Nagoya Institute of Technology

X-ray structure analysis of room temperature fluorescentphosphorescent organic crystals with very small sizes

94-G330

Y. Takeda
School of Engineering,
Nagoya Univ.

Atomic level structure determination of InP/InGaAsP/InP
double heterostructures by X-ray CTR scattering

94-G331

Y. Takeda
School of Engineering,
Nagoya Univ.

Atomic level structure determination of AlGaP/InAs
heterostructures by X-ray CTR scattering

94-G332

T. Takahashi
Institute for Solid State Physics
Univ. of Tokyo

Structure analysis of interfaces of epitaxially grown Si/Ge
system by X-ray scattering

94-G333

H. Ohno
Japan Atomic Energy Research

EXAFS of amorphous uranium compounds

94-G334

K. Nagata
Faculty of Science,
Fukuoka Univ.

Pressure dependences of inter- and intramolecular bond
distances in selenium

94-G335

T. Nanba
Faculty of Science,
Kobe Univ.

Pressure induced structural phase transition in CdS and CuCl
microcrystals

94-G336

N. Hamaya
Faculty of Science,
Ochanomizu Univ.

Precise determination of crystal structure of rare earth metals
under pressure

94-G337

K. Kawamura
Faculty of Science,
Tokyo Institute of Technology

X-ray structure analysis for NaiO-SiGy^O melts under high
temperature and pressure

94-G338

E. Otani
Faculty of Science,
Tohoku Univ.

Determination of the phase boundaries and equation of state of
the mantle minerals by the multianvil apparatus

94-G339

T. Irifune
Faculty of Science,
Ehime Univ.

Experimental study on the high pressure phase transformations
in serpentine

94-G340

K. Kawamoto
Faculty of Science,
Tokyo Institute of Technology

Excess volume of mineral solid solutions under pressure and
temperature

94-G341

T. Kato
Faculty of Science,
Tohoku Univ.

High pressure phase transition mechanism and its reaction
kinetics

94-G342

K. Kusaba
Institute for Materials Research,
Tohoku Univ.

High pressure phase transitions of V2O5

94-G343

A. P. Jones
Department of Geological Sciences,
Univ. College London

Density measurement of high pressure carbonate melts

G-38
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94-G344

H. Hirayama
Radiation & Safety Control Center,
KEK

Development of dosimetry technics for angiography

94-G345

M. Kitamura
Faculty of Science,
Kyoto Univ.

Analysis of the crystal with optical anomaly by X-ray
topography using synchrotron radiation

94-G346

G. T. Barnes
Department of Chemistry,
Univ. of Queensland

Molecular organization and structural defects in condensed
Iangmuir layers

94-G347

H. Hashizume
Research Lab. of Engineering Materials,
Tokyo Institute of Technology

High resolution mapping of strain distribution in multilayer
structures

94-G348

T. Suzuki
Institute of Industrial Science,
Univ. of Tokyo

Study on structural defects in solid helium using SR-X ray
topography

94-G349

M. Ando
Photon Factory,
KEK

Characterization of a hematite single crystal using its charge and
magnetic bragg scattering

94-G350

M. Ando
Photon Factory,
KEK

Measurement of angular divergence of synchrotron radiation

94-G351

N. Shiotani
Tokyo Univ. of Fisheries

Compton scattering studies of complex and disordered systems

94-G352

F. Itoh
Faculty of Engineering,
Gunma Univ.

Magnetic dichroism and magnetic compton profile of actinide
compounds

94-G353

F. Itoh
Faculty of Engineering,
Gunma Univ.

Measurements of 3d-electron momentum densities by X-eX
coincidence method

94-G354

H. Sakurai
Faculty of Engineering,
Gunma Univ.

Magnetic properties of multilayers

94-G355

H. Maruyama
Faculty of Science,
Okayama Univ.

X-ray magnetic scattering in antiferromagnetic Mn-fluorides

94-G356

Y. Tanaka
Institute of Physical and Chemical Research

Magnetic compton scattering experiments using high energy
X-rays (>130 keV)

94-G357

N. Kosugi
Institute for Molecular Science

Angular distribution of the fragments ions after the inner-shell
excitation of surfur containing molecules

94-G358

S. Nakai
Faculty of Engineering,
Utsunomiya Univ.

Resonant auger spectra of Y-compounds in Y-Lffl absorption
edge

G-39
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94-G359

A. Yagishita
Photon Factory,
KEK

2p resonance auger electron spectroscopy of 3d transition metal
atoms

94-G360

T. Sekiguchi
Japan Atomic Energy Research Institute

Study of ion-desorption from formamide adsorption system
by resonant core excitation

94-G361

A. Fujimori
Graduate School of Science,
Univ. of Tokyo

XAS and resonant XPS of perovskite-type transition-metal
oxides

94-G362

T. Koizumi
College of Science,
Rikkyo Univ.

Photoionization of singly- and doubly-charged rare gas ions

94-G363

T. Yokoyama
Graduate School of Science,
Univ. of Tokyo

O K-edge NEXAFS and UPS on SO2 adsorbed on single
crystal Ni surfaces

94-G364

K. Nakagawa
Faculty of Education,
Kobe Univ.

Fundamental processes of radiation damage in aromatic molecular
crystals

94-G365

J. Kawai
Faculty of Engineering,
Kyoto Univ.

Escape depth of photoelectrons

94-G366

N. Miyamoto
Research Inst. of Electrical Communication,
Tohoku Univ,

Growth and reaction mechanisms of photo-assisted CVD
investigated with SR photoelectron spectroscopy

94-G367

K. Yoshino
Harvard Smithsonian Center
for Astrophysics

Determination of spectroscopic properties of atmospheric
molecules using the combination of VUV fourier transform
spectrometer and synchrotron radiation

94-G368

Y. Nihei
Institute of Industrial Science,
Univ. of Tokyo

Chemical state resolved structural analysis by energy scanned
X-ray photoelectron diffraction

94-G370

M. Niwano
Research Inst. of Electrical Communication,
Tohoku Univ.

Initial stages of oxidation of hydrogen-terminated Si surfaces

94-G371

S. Shin
Institute for Solid State Physics,
Univ. of Tokyo

High-resolution photoemission study of metal-insulator
transition of V2O3

94-G372

C. Y. Park
Department of Physics,
Sung-Kyun-Kwan Univ.

Angle resolved photo electron spectroscopy for Li-adsorbed
Si(l 11) surface

94-G373

S. J. Oh
Department of Physics,
Seoul National Univ.

Study of magnetism of Fe and Mn overlayers on the Ag(001)
surface by spin-resolved photoemission spectroscopy

94-G374

Y. Morioka
Institute of Physics,
Univ. of Tsukuba

Threshold electron spectroscopy of rare gas clusters

G-40
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94-G375

N. Kouchi
Faculty of Science,
Tokyo Institute of Technology

Absolute photoabsorption, photoionization, neutral-dissociation
cross sections of some cyclic hydrocarbons and halocarbons
in the VUV range

94-G376

T. Miyahara
Photon Factory,
KEK

Comparison between MCD signals due to different core
excitations and critical examination of the sum rule

94-G380

T. Sano
Faculty of Science,
Hiroshima Univ.

Kinetic studies on the molecular recognition of calmodulin by
the stopped-flow X-ray scattering method

94-G381

H. Tagawa
Nihon Univ.

Dynamical SR-SAXS investigations on micro-phase segregated
structures of multiblock polymers

94-G382

N. Sakai
Faculty of Science,
Himeji Institute of Technology

Measurements of magnetic compton profiles using a rapid
superconducting magnet

94-G384

A. Koizumi
Faculty of Science,
Himeji Institute of Technology

X-ray magnetic scattering and absorption measurements under
pulsed high magnetic field

94-G385

Y. Suda
Faculty of Technology,
Tokyo Univ. of Agriculture and Technology

High-resolution photoemission study of porous Si

94-P001

J. Deng
Department of Chemistry,
Fudan Univ.

Research on structures of Ni-P amorphous catalysts

94-P005

Y. Ono
Graduate School of Science,
Univ. of Tokyo

Differential patterson synthesis by imaging plate method

94-P006

H. Okabayashi
Nagoya Institute of Technology

Structural study of aggregates formed by the insect laccifer
lacca products

94-P008

H. Tsubakino
Himeji Institute of Technology

Effects of addition of third elements on precipitation of 8' phase
in Al-Li ternary alloys

94-P009

K. Ishibashi
Faculty of Engineering,
Kyushu Univ.

Test of superconducting tunnel junctions for X-ray detection

94-P010

K. Nagata
Faculty of Science,
Fukuoka Univ.

Pressure dependences of inter- and intramolecular bond distances
in selenium

94-P011

M. Hasegawa
Institute for Materials Research,
Tohoku Univ.

Slow positron-beam study of irradiation-induced defects

94-P012

Y. Murata
Institute for Solid State Physics,
Univ. of Tokyo

Positron stimulated desorption from hydrogen adsorbed
surface

G-41
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beryl crystal
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Faculty of Science,
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Institute for Molecular Science

Structural study of mixed metal sulfide clusters

94-P016

T. Hamanaka
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Does crystalline alignment affect the compton scattering
intensity?
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M. Miyao
Central Research Laboratory,
Hitachi Ltd.

BL-8A; Soft X-ray diffractometry, X-ray absorption
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Fujitsu Laboratories Ltd.
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94-Y003
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Soft X-ray lithography, photo-chemical reaction experiments
and X-ray optics

94-Y004

S. Sasaki
Japan Tabako Inc.

X-ray crystallographic studies on leukotriene producing
enzymes

94-Y005

K. Kubodera
Interdisciplinary Research Laboratory
NTT

Materials analysis using synchrotron radiation

94-Y006

T. Hata
Analytical and Metabolic Research Lab.,
Sankyo Corp.
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Central Laboratory for Key Technology,
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Data collection from crystals of glycosylation-inhibiting factor
at high resolution
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Characterization of Cu-Al catalysts' precursor by XAFS
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The structural analysis of Co, Ni, Ge catalysts by XAFS
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Introduction

INTRODUCTION
The Photon Factory has been running quite
smoothly during the period covered by this Activity
Report (October 1993 - September 1994). The Photon
Factory operates two light sources; the 2.5-GeV
Photon Factory storage ring and the 6.5-GeV
TRISTAN Accumulation Ring. Both rings are
supplied positrons or electrons by the 2.5-GeV linear
accelerator.
The 2.5-GeV Photon Factory storage ring is our
major facility, and more than 60 experimental stations
are working routinely for synchrotron radiation
research. It is proud of high stored current and long
lifetime. In the routine operation, the start current is
370 m A, and after twenty-four hours the stored current
is maintained at 300 mA. Scientists therefore can use
the photon beam almost the whole day with no
interuption. Also, beam availability has been very
satisfactory; the failure rate was in the range of 1 to 1.5
percent during these three years.
The TRISTAN Accumulation Ring is
fundamentally the injector of the TRISTAN highenergy electron-positron collider, and has been
parasitically used as a light source. Although the
current is below 40 mA and the lifetime is as short as
three hours, the Accumulation Ring is characteristic of
high energy and single bunch. With two insertion
devices it has become a unique light source for
synchrotron radiation research in this country.
The total operation time of the 2.5-GeV Photon
Factory storage ring was 4908 hours in the FY1993.
Among them the scheduled user time was 3747 hours.
The single-bunch mode operation was performed for
312 hours, and a very limited time was devoted to the
3-GeV operation.

new lattice will be scheduled during a long shutdown
expected from January to September of 1997.
More than twelve years have already passed since
the first photon beam was seen at the Photon Factory in
1982. Continuous upgrading of the beamlines and
experimental stations are always necessary in order to
perform top-grade, challenging research.
Instrumentation Division thus has conceived of
reconstruction or scrap-and-build of old beamlines and
experimental stations in order to meet new scientific
requirements for these years.
The experimantal station that reached the final
installation and commissioning phase during the period
coverd by this Activity Report is BL-12C, which is a
new XAFS station. This station is designed to cover
an energy range of 7 to 23 keV, and accept and focus
photons radiated within a horizontal angular spread of
2 mrad.
The station BL-4C is planned to be reconstructed as
a station for X-ray magnetic Bragg scattering. On this
occasion the station BL-4B, which has been used
alternately for powder diffraction and for X-ray camera
for micro-sized crystals, will be separated into two
hutches, so that each experimental apparatus does not
need to move any more.
A new station for powder diffraction at nonambient conditions such as high pressure and/or low
temperature will be implemented at BL-18C, since BL4C which was previously used for this purpose will be
reconstructed to different purpose. Design study on
BL-18C is in progress.
The construction of BL-16 has also been
progressing. BL-16 is a beamline that follows a 53pole multi-pole wiggler. It is divided in two branch
lines; BL-16A is a general purpose line that provides
with both white and monochromatic X-rays with
energies of 5-25 keV, and BL-16U is a highresolution, high-throughput soft X-ray line. BL-16U is
completely redesigned. It has adopted a 24-m spherical
grating monochrometer, and it is expected to cover the
photon energy range of 40 to 600 eV, and to get an
photon flux of more than 1010 photons/sec with a
resolution of 10,000.

For the past few years we have actively pursued the
upgrading of performance of the light sources as well
as the beamlines and experimental stations.
Light Source Department has proposed the
emittance-upgrade program at the 2.5-GeV Photon
Factory storage ring, and has continued an R&D on
hardware for a few years. The program includes
modification of the lattice of the storage ring in order to
reduce the ring emittance by a factor of 5 and to achieve
27 nm-rad. This improvement should keep the Photon
Factory competitive to world-wide major light sources
in the forthcoming years. The construction of magnets
and power supplies required for this improvement
started in FY1994. The conversion of the ring to the

Along with the above-mentioned activities directly
concerned with synchrotron radiation activities at the
existing light sources, four different projects are
running at the Photon Factory.
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TRISTAN Super Light Facility Project
The
Photon Factory has pursued for a long time a
possibility of using the TRISTAN Main Ring as a
brilliant light source. Calculations have shown that an
emittance as low as 5 nm-rad can be obtained at the
TRISTAN Main Ring, when it operates at an energy as
low as 10 GeV. In cooperation with a long undulator,
one can expect to realize an unprecedentedly-bright
coherent x-ray source at the TRISTAN Main Ring.
Two years ago, however, was authorized a plan to
build in the Main Ring tunnel, a new B-factory, an
asymmetric high-energy positron-electron collider. In
consequence, the original idea of the TRISTAN Super
Light Facility at the Main Ring has been canceled.
However, a bright x-ray beam from the lowemittance beam of the TRISTAN Main Ring is quite
attractive for some sort of synchrotron radiation
experiments. Hence, a decision was made to operate
the TRISTAN Main Ring dedicatedly for synchrotron
radiation experiments for three months in the fall of
1995. Design of the beam optics of the Main Ring for
a reduced-energy operation was completed, and
required modifications on ring components when
operating as a light source have been carefully checked.
Since a 5.4-m long undulator will be installed in a
straight section, the lattice will be modified slightly.
Damping wigglers will be installed in order to enhance
emittance reduction as well as to stabilize coherent
instabilities of the stored electron beam. The undulator
has a unique feature in construction method. Since a
very long undulator was supposed to be used in the
original TSLF plan, our group scientists have
conceived of building it with a number of smaller units.
The construction and assembly of undulator units have
progressed in success.
VUV-FEL Project
Development of a shortwavelength free electron laser in a vacuum ultra-violet
region has continued since 1992 at the 2.5-GeV Photon
Factory storage ring. It aims at demonstrating
oscillation at a wavelength of 177 nm. The ring is
operated at an energy of 750 MeV in the FEL
experiment. Spontaneous radiation from a transverse
optical klystron located at the straight section BL-2 has
been already observed in 1992.
Adjustment of a laser system and a beamline for
transporting the laser beam are now in progress.
Linac Upgrade for the KEKB Project The recent
biggest project for which the Photon Factory is
responsible is the project of upgrading the energy of
the Injector Linac for the B-factory. The B-factory,
which is the KEK's biggest future project, is a new
high-energy electron-positron collider of asymmetric
energies of 3.5 GeV and 8 GeV. Hence, the Injector

Linac (presently 2.5 GeV) will be upgraded in order to
supply the beams at the required energies. The energy
of the linear accelerator is reinforced by increasing the
output power of microwave klystrons and also
doubling the peak microwave power with a pulse
compression system as well as by increasing the
number of accelerator guides. Research and
development on a 50-MW klystron and the pulse
compression system have been in progress quite
satisfactorily.
Slow-positron source The high-power electron
beam of the linear accelerator is attractive to produce
very slow positrons. They are useful for materials
research. A group in Injector Linac Division has
developed a slow-positron source for a few years.
Slow positrons generated at a target bombarded by the
2.5-GeV electron beam is transported through a 30-m
transport line to an experimental area in the klystron
gallery. In a preliminary test operation done in 1994 a
positron beam intensity of 3xlO 6 positrons/s was
obtained with a 2.2-Gev electron beam of 1.25-kW
average power.
Collaborative research in the field of synchrotron
radiation has continued as the previous year between
the Photon Factory and other institutions. As for the
academic sector, Research Center for Spectrochemistry
of University of Tokyo has operated their own
experimental stations BL-7A and BL-7B for many
years, and has conducted primarily surface science.
Synchrotron Radiation Laboratory of Institute for Solid
State Physics of University of Tokyo has also operated
three experimental stations, BL-18A, BL-19A and BL19B, and opened them to general users. Research on
the advanced material characterization has been
conducted at BL-13 as collaborative projects between
the Photon Factory and national institutes in Tsukuba.
Four industrial companies, NTT, Hitachi, NEC and
Fujitsu have been operating their own beamlines. The
Australian National Beamline Project entered the final
year of its three-year construction phase, and work
continued in the areas of beamline component
installation and testing, experimental instrumentation
commissioning and the development of software for
data collection, reduction and analysis, with the goal of
opening the beamline to the general user community by
1995.
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A.

INTRODUCTION

than the vacuum level. Hereafter we call the first
electron photoelectron and the second one Auger
electron. Strictly speaking, both electrons might be
called photoelectrons because it is impossible to distinguish two electrons in principle, but our naming is
just for simplicity.
Let us now proceed to the most important part,
that is, the mechanism of energy redistribution between the two electrons. If the consecutive two processes, namely, photoexcitation and Auger transition
are separable, the Auger electron should have a definite energy. Such situation is realized in a case where
the photoelectron has very little density around the
atom that emitted it when the Auger transition
occurs. In reality, however, the photoelectron is still
existing with finite density around the atom, and so
it feels the increase of the Coulomb potential due to
the Auger transition. This is the origin of energy redistribution between the two electrons, which is
sometimes called post collision interaction (PCI). In
this report we particularly emphasize that this energy
redistribution is essentially local in the sense that the
phenomenon occurs when the two electrons are still
existing around the initial atom. That gives the possibility that the way of energy redistribution will be
strongly related to the local electronic structure
around the atom. In the following, we give two
theoretical results that demonstrate this conjecture.
In the first example, we assume that the axial
momentum is a good quantum number even in the
solid, and so only treats a partial wave. In the
second example, on the other hand, we assume that
the spherical symmetry around the initial atom is
very bad and make use of a cubic model. In obtaining both results, we calculate energy spectra of the
electrons in the final state, using the T-matrix that
describes the whole process. Here the electronphoton interaction is assumed to be weak and treated by the first-order perturbation theory. While,
the Auger transition is also treated as a perturbation,
but the self-energy is renormalized with an infinite
number of repetitions of transitions and inverse transitions. The enhancement of the Coulomb field
around the atom following the increase of its valency
is expected to be rather strong and then treated exactly.
Let us show the first result, in which we have
assumed that both the photoelectron and the Auger
electron have the symmetry of s. The Coulomb

In this section, we review scientific activities of
the Photon Factory, over nine fields including
theoretical studies.

B. THEORETICAL RESEARCHES
The theoretical group of Photon Factory is new.
In fact, it has started in November, 1993. Now it
consists of one professor, one research associate and
two graduate students. In the following, we present a
brief introduction to our researches which were performed in its first year.

1.

THEORY FOR ENERGY REDISTRIBUTION
BETWEEN A PHOTOELECTRON AND AN
AUGER ELECTRON

As the first topic, we discuss the dynamics of
two electrons propagating in a solid with energies
above the vacuum level.x) There are two ways to
prepare such a situation: electron impact and photoexcitation. In the following, we treat the latter case
because the light source of this facility has enabled
and will continue to enable such experiments of high
resolution.
When the solid is shined with the light of high
energy that exceeds the binding energy of an innershell electron, the electron is excited to the continuum above the vacuum level. In most cases, a
core hole thus created is unstable, and its two dominant decay processes are photoemission and Auger
transition. Here we do not take the former case into
account because we are now interested in the dynamics of two electrons as mentioned at the beginning.
The Auger transition, on the other hand, annihilates
the hole created by the first process, but, instead,
yields two holes with one more electron in the continuum. The first electron can have a variable energy
depending on the energy of the photon, while the
second electron has an almost definite energy representing the electronic level scheme. We here emphasize that the energy of the second electron is not
completely definite, which phenomenon is nothing
but our subject as is explained later in detail. Anyway, we have now two electrons with energies higher
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best to the system where the spherical symmetry for
the continuum states is very bad around each constituent atom. The selection rule for the parity, on the
other hand, is assumed to be satisfied. In Fig.2, we
show a spectrum of energy distribution in which the
contribution only from the photoelectron is included.
The energy is in the atomic unit and referenced from
the vacuum level. In this case, the nominal energy of
the photoelectron and the magnitude of the imaginary part of the self energy are 2.0 au and 0.5 au, respectively. The potential is short-ranged with the
screening length of 5.0 au. Again, we can see the
peak shift to the lower energy from the nominal
energy. In addition to this, we notice small enhancement around 0.8 au. Detailed study of the electronic
structure clarifies that there is a resonance at the
same position. We can therefore say that this enhancement comes from the electron that is deexcited
to the resonance after being excited to the states
around the nominal energy. It is worth while mentioning that this resonance is due to the potential
around the atom with the two holes. Thus it can not
be observed by the measurement of the ordinary
absorption. Since the resonance is nothing but a local
maximum around the atom that is focused on, this
enhancement in the emission spectrum represents a
local electronic structure in the same spatial region.
In summary, we have clarified that the local
electronic structure affects the energy redistribution
between the photoelectron and the Auger electron.
This is because the phenomenon is essentially local

potential from the ion is assumed to be of a Yukawatype, i.e., a screened Coulomb potential due to the
screening in the solid. In Fig.l, we show an energy
distribution spectrum in which only the contribution
from the photoelectron is included. The energy is in
the atomic unit(au), referenced from the vacuum
level. Here the nominal energy of the photoelectron
and the magnitude of the imaginary part of the self
energy are set at 2.0 au and 0.2 au, respectively. As
is easily seen, the peak in the positive energy region
is shifted to the left. This is due to the energy redistribution between the photoelectron and the Auger
electron. In the negative energy region, we notice
several isolated peaks. They correspond to the contributions from the electrons that are returned to
bound states after being excited to the extended
states. It should be remarked that such bound states
are those of the potential around the atom with two
valence or shallow core holes. Such bound electrons,
of course, can not escape from the atom and hence
are not observed. The Auger electrons, however, can
receive energy gains due to the energy losses of
those photoelectrons and are expected to be
observed.
Next, we show a result obtained using the cubic
model. At present, for the light transition, we do not
take account of the selection rule related to the
angular momentum. Thus this model is applicable
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Fig. 1 The energy distribution spectrum of photoelectrons calculated for a s-wave model. The
nominal energy of the photoelectron and the
imaginary part of the self energy are 2.0 au
and 0.2 au, respectively.

Fig. 2
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Same as Fig.1, but for a cubic model. The
nominal energy of the photoelectron and the
imaginary part of the self energy are 2.0 au
and 0.5 au, respectively.

In other n -electron systems than the Cm, it is
already well known that the Coulomb repulsion plays
very important roles as well as the transfer. In connection with this problem, Lof et al. have shown
from the Auger spectroscopy that the repulsion is
very important in the C60. Thus, the second purpose
is to clarify effects of this repulsion on optical
absorptions.
The model Hamiltonian is expressed as follows:

in the sense that both the electrons must be within
the potential range of the initial atom. In this report,
we have not included the scattering of propagating
electrons by the neighboring atoms. This effect is
now under the investigation.

2.

THEORY FOR EXCITON EFFECTS ON
LIGHT ABSORPTION SPECTRA OF F.C.C.
TYPE C60 CRYSTAL

H—Hintra-\-Hinter,
The studies for fullerens have made a dramatic
progress in recent years. In particular, C60 has
attracted much attention since its discovery in 1985,
and, recently, it was found that the doped C60 crystal
becomes superconducting with Tc of 18 to 33K, depending on the kind of dopant. Inspired by these
new progresses in the experimental field, we have
started our theoretical study for this very intriguing
material and, as the first work, we focused on the
optical properties to understand the electronic
structures.2i3)
Various experiments have been carried out to
clarify their optical properties; photoemissions, inverse photoemissions, electron energy loss spectroscopies and so on. In the optical absorption spectra,
these experiments have indicated that there are three
main peaks, roughly speaking. They are all located
in the higher energy region than 3eV, and are almost
common to both the molecule and the crystal. This
fact means that the neutral Qo solid is a molecular
crystal. On the other hand, in the lower energy region than 3eV, a new peak appears in the case of the
crystal, being absent in the case of the molecule.
This difference seems to be very important to clarify
the nature of excited states of the C60 system.
However, up to the present, there has been no systematic study for this problem.
We have therefore calculated the absorption
spectra of an isolated molecule and crystals in order
to find the origin of this difference. We make use of
a C6o-version of an extended Hubbard model, in
which the crystal structure is assumed to be of two
types: a simple cubic2^ and an f.c.c..3-1 The electronic
ground state is determined by the Hartree-Fock
approximation (HFA). While, the excited states are
obtained by the first-order perturbation theory with
respect to electron-hole attractions, in addition to the
HFA.
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where C ,+a and Cia are creation and annihilation
operators of an electron at the j-th TT -orbital of a C6o
molecule, respectively. The transfer energies Tti are
expressed as T0(Ti), if the nearest-neighbor pair < y >
corresponds to a long (short) bond, respectively. For
other pairs, the values are set at zero. The transfer
T2, on the other hand, means that for the closest
pair of orbitals on neighboring molecules. The
Coulombic energies are expressed as U, Vx and V2,
which are on-site, and nearest-neighbor ones inside a
molecule, and between adjacent molecules, respectively.
In the following, we introduce our results only
for the f.c.c. crystal because it is more realistic than
the simple cubic.
In order to show the importance of exciton
effects, we have drawn a spectrum without such
effects (T 1 /r 0 = l.l, T2/To=0.2, y o = v , = 0 ) in Fig.3.
In this figure, there are four main peaks(A,B,C and
D), and also many other small peaks. This spectral
shape is very similar to the case of an isolated molecule, and hence it is clear that the main peaks come
from intra-molecular transitions. While, the other
small ones come from inter-molecular transitions or
subsidiary intra-molecular transitions. These subsidiary intra-molecular transitions are such ones that are
changed from forbidden to allowed because of a
crystalline effect. Figure 4, on the other hand, shows
a spectral shape with exciton effects (T1/To= 1.1, T2I
T0 = 0.2, Vyr o = 0.4, v y r o = 0.17). Comparing Fig.3
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Fig. 3 The absorption spectrum calculated for an
f.c.c. crystal of Ce0. The parameters are 7yr 0
= 1.1, T2/T0=0.2, and Vo=V-[=0.

3

( PHOTON ENERGY )/T0
i—i—i—i—|—i—i—i—i—I—i—i—i—i

t2= 0.2, vo= 0.4, v 1= 0.17

J3
"3

•e

<
U

H
O

0

1

Fig. 4 Same as Fig.3, but with 7"1/r0 = 1.1, T2/TQ =
0.2, Vo/T0=0.4, l/yro=0.17.
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spectively. Therefore we can say that Fl, F2 and F3
are Frenkel type excitons, while those for Cl and
C2, being composed of an electron and a hole separated from each other at the neighboring two molecules, are the inter-molecular charge-transfer(CT) excitons. Thus, we can conclude that the experimentally observed peak around 2.5~2.8eV is mainly due to
the CT exciton(C2). If we see Fig.4 in detail, we can
also find another peak F3 near the peak C2, but its
intensity is only about 20% of C2. The other peaks
of the calculated spectrum are also in fair agreement
with the experimental ones, qualitatively. Incidentally, we have also estimated the width of the HOMO
and the LUMO bands using the model Hamiltonian
shown in eq.(l). The result well reproduces the results of first-principle calculation.
In summary, we have studied the exciton effects
on the spectral shape of optical absorption in the fee
type C60 crystal. We have clarified the origin of the
new peak which is observed around 2.5~2.8eV. It is
due to the inter-molecular CT exciton.

with Fig.4, we can find that a strong peak newly
appears at the energy region marked by C2. Even in
Fig. 3, we can see a small peak in the same energy
region. However, in the case of Fig.4, it is strongly
enhanced by the exciton effects. As is well known,
there are two types of excitons; the intra-molecular
exciton and the inter-molecular one. In order to clarify the significance of the inter-molecular exciton
effect, we have also calculated the case where only
the value of V\ is changed to zero from that for
Fig.4, and have found that the aforementioned
strong peak is absent. It clearly shows that the intermolecular exciton effect plays a more important role
than the intra-molecular one to make a new strong
peak appear in Fig.4. Further, we have also analyzed
the excited state eigenfunctions of Fl, F2, F3, Cl
and C2 marked in Fig.4, so as to clarify the density
distribution of the excited electron seen from the
hole. The calculated probabilities that the electron
and the hole are in the same molecule are 88.0%,
17.7% and 52.8% in the case of Fl, F2 and F3, respectively, while Cl and C2 are 5.5% and 3.3%, re-
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AE=1.2 eV, ©=0.085 eV

Tlu HUBBARD MODEL FOR
FERROMAGNETIC AND OPTICAL
PROPERTIES OF POTASSIUM DOPED
ZEOLITE

Window
region

Let us proceed to the last topic, which is the ferromagnetic and the optical properties of potassium
doped zeolite.4) Zeolite is a general name for a
group of materials with porous characteristics. It has
a periodic but complicated crystalline structure,
wherein constituent atoms of this material make
cages with a vacant space in them. This cage structure of atoms is quite rigid and connected with each
other through a channel called a window.
When the zeolite is doped by alkali metal atoms,
such as Na or K, these atoms become cations and
attach to the inside wall of the cage. Electrons donated from K atoms mainly reside in the vacant space
of the cage, because of the electrostatic attractions
given from doped K ions as well as from host atoms.
Since the cage is almost like a sphere, net attractions
become almost spherically symmetric, resulting in
localized levels such as a s-, p- and d-orbitals and so
on. In our work, we only treat a case where cages
make a simple cubic lattice. In this case, those levels
have the symmetries of Aig, Tu, Eg, T2g and so on.
Doped electrons occupy these levels from lower one
to upper ones, depending on K-loading density. The
binding energies of these Alg and Tlu levels relative
to the outside of the cage are about 1.0 eV and 2.2
eV, respectively. These values can be estimated from
the optical experiments. Since zeolite is a crystal,
these levels of adjacent cages can overlap with each
other through the aforementioned windows, as schematically shown in Fig. 5, and resulting in the itineracy of these electrons. Nozue et al. have recently
studied one type of zeolite, that is, K-LTA zeolite
and found that it becomes ferromagnetic (FM), depending on electron concentration per a certain cage,
i.e., a-cage. The magnetization at low temperatures
takes its maximum value at 5 electrons per «-cage.
The maximum transition temperature is about 10K,
and the maximum magnetic moment per a -cage is
0.24 juB- This small moment favors an itinerantelectron picture as the origin of this magnetism,
rather than the localized one. When 5 electrons are
doped in an a-cage, the AXg level is completely filled
up by 2 electrons, and other 3 electrons occupy Tlu
levels. If we see this situation from the itinerant-

Overlap

*
-

AE

A

wwww».
.••..•r.-i.'v.\.\.ii*r.'.'5.

Fig. 5 The schematic picture of K-LTA. Each potential-well denotes the <*-cage. The plateau between the wells corresponds the window. The
Gaussian indicates the energy distribution of
Aig level. A E denotes the energy difference
between AAg and f1(J.

electron picture, it corresponds to the half-filled case
of Tlu band. Thus, we can say that the K-LTA gives
the most strong FM properties in the case of halffilled. For this reason, we will propose here one
possible model, which is Tlu Hubbard model. This
model is different from usual Hubbard models in the
sense that each site contains three Ttu orbitals instead of one. Its Hamiltonian is given as

(4)

—{a

yax,

ct\ay,

The first term denotes the kinetic energy of electron.
a\a denotes the creation operator of an electron at
site / with spin a (= a , /?) and orbital A (=.*, y, z).
T(l — /') denotes the transfer energy of an electron
between two lattice sites / and /', and is a (3 X 3)
matrix spanned by x,y and z.
Since there are three orbitals in a site, we take
the following four types of transfer energies. The
first two are those between nearest-neighboring
orbitals, namely, <r-type and ir-type. The remaining
two are those between next-nearest-neighboring
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broadening to the spectrum. Taking into consideration this effect and also other origins of the broadening such as thermal and zero-point vibrations of the
lattice, we assume a Gaussian distribution of AXg
level and calculate the spectrum. The obtained spectrum is in good agreement with the experimental
one. (see Ref.4)
Therefore we can say that we have succeeded in
clarifying the zero-temperature magnetic phase diagram and the optical absorption in terms of the same
model from a unified point of view.

orbitals on the same plane. We express them as Ta a
and Txn • If the plane is (x-y) plane, for example,
Taa corresponds to perpendicular transfer such as x
to y, while Tn K to parallel transfer such as x to x.
The quantity U in eq. (1) denotes the intraorbital repulsive energy, while /( > 0) is the interorbital exchange energy within a single site.
The numerical results are summarized briefly in
the remaining part of this section. Generally speaking, with a non-zero value of Ta a, the nesting of the
Fermi surface is broken and so the antiferromagnetic
(AF) state becomes unstable. Furthermore, the electronic density of states is enhanced at the Fermi
energy. For these reasons, the FM state becomes
stable compared with the metallic state or the AF
state within a certain region of the phase diagram. In
Fig.6, we show the magnetic phase diagram for the
case with the parameter 7™ ITa = 0.3. As easily
seen, the FM state appears in the region of 3.0<(U
+J)ITa <8.0, while in the region of (U+J)ITa >8.0,
only the AF state appears.
Let us turn to the other aspect of this material,
i.e., the optical absorption spectrum. In the low doping regime, doped electrons occupy only the lowest
level, namely, Alg level and so we can observe the
optical transitions from AXg to Tlu. Since the doping
is not spatially uniform, the concentration of K + is
expected to fluctuate from cage to cage. This leads
to the fluctuation of the energy of Alg and gives the
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C. ATOMIC AND MOLECULAR SCIENCE
Thanks to the improvement of beamlines and experimental apparatuses, the opportunities to study
the spectroscopic details of free atoms and molecules
are opened. From these sophisticated works, one can
obtain the important imformation of electron correlation in free atoms and molecules. The precise description of the electron correlation is the big charange of the modern atomic and molecular physics.
1.

0.8

ATOMIC SPECTROSCOPY

The 4d photoabsorption of Ba + ions was revisited by a merging beam technique on BL-3B. The
4d spectrum of Ba + is shown in Figure 1. In contrast
to the spectrum of Ba, the 4d absorption oscillator
strength is distributed in several strong discrete transitions and in the continum. The specrum shown in
Figure 1 is surprisingly different from the one measured by Lucatorto et al.. They used a dual laser
technique to obtain their spectrum. The contanimation of Ba atoms in Ba + ions may cause this serious
difference. The 4d spectrum of Ba + by Lucatorto et
al. is similar to their 4d specrtrum of Ba. On the

1.0

Fig. 6 The zero temperature phase diagram as functions of (U+J)/Ta and T, aITa.
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other hand, the present spectrum of Ba + is similar to
the one of Ba 2+ by Lucatorto et al.. The present
spectrum free from the contamination of Ba reveals
that the redistribution of the 4d oscillator strength in
photoabsorption of the Ba, Ba + , and Ba 2+ sequence
starts from the Ba + . Assignments of the discrete
lines in Figure 1 are being undertaken by MCDF cal-

culations.
On BL-3B, the double-core excitation of Li
atoms is also successfully measured in the specrtral
region of 140-165 eV. In the specrum shown on Figure 2, a particulary conspicuous fearure is the "F"
resonance at 152.32 eV whose strength is comparable
to that of the 2s22p "A" resonance. Several weaker
peaks are clustered in the vicinity of the peak F. At
higher energies, a few small peaks are found around
the "M" resonance at 161.59 eV. Regularities of
Rydberg series structures found in He double photoexcitation are missing in the spectrum. MCDF calculations have been performed to give assignments to
the numerous resonance features. Comparison of
measurements and calculations are presented on
Table 1 and Figure 2. The MCDF calculations reproduce most features of the experimental spectrum. As
the result of success of this theoretical work, one can
understand that the duble-core excited states are induced through initial-state configuration interaction.

3.or

ja
u
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2 1.0 0.5

0.0

100
105
Photon Energy (eV)

110

2.

Fig. 1. Photoabsorption spectrum of Ba + Photoion
products (Ba 2+ and Ba 3 + ) were counted by
the merging beam technique. In contrast to
the 4d spectrum of Ba, several strong discrete lines of 4d - • nf resonances are
observed below the 4d ionization continuum.
T. Koizumi, Y. Itoh, M. Sano, M. Kimura, T. M.
Kojima, S. Kravis, A. Matsumoto, M. Oura, T.
Sekoka and Y. Awaya.

MOLECULAR SPECTROSCOPY

2.1 Valence Electronic Excitation
The high photon flux and high energy resolution
at BL-20B make it possible to study state-to-state
neutral dissociation from superexcited states and to
perform high resolution threshold photoelectron
spectroscopy.
The fluoresence radiation spectra from excited

35-f

0 —I
140

Fig. 2. Double-core excitation spectrum of Li atoms. Rydberg series are missing in the spectrum. The bar
diagram overlaid indicates energy positions and relative intensities obtained by MCDF calculations.
Y. Azuma, S. Hasegawa, F. Koike, G. Kutuluk, T. Nagata, E. Shigemasa, A. Yagisita and I. A. Sellin.
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Table 1

Measured resonances compared with MCDF calculations. The Eo value for "A" resonance was
obtained by a Fano profile fit, while peak maximum positions are presented for other resonances. The experimental hv scale has absolute and relative accuracies of ±0.1 and ±0.03
eV, respectively.

Eo[eV]

Eo[eV]

Expt.

MCDF

A
B

142.34
148.7

C
Dl
D2
E
F
G
H
I
J
K

149.79
151.10

L
M
N
Ol
O2

160.6
161.59
162.2
162.7

142.057
148.839
149.32
149.587
150.408
151.065
151.189
152.205
152.355
152.87
153.442
154.72
155.068
157.044
157.576
159.767
160.976
161.571
162.51
162.632

Res.

151.7
152.32
152.72
153.43
154.43
155.0
157.0

Osc. Strength
MCDF
1.29346
0.0322998
0.0850236
0.178457
0.213238
0.441158
0.264139
0.101476
1.44477
0.111862
0.874026
0.275326
0.0742149
0.15073
0.0836255
0.0414757
0.477756
0.0563835
0.073798
0.0536372

Dominant Configuration Admixtures (iin%)
in the Excited States
74 2s22p,
30 2p 3 ,
40 2s24p,
36 2s2p4s,
65 2s2p5s,
36 2s2p3d,
50 2s2p3d,
56 2p 2 4p,
40 2s2p3s,
83 2p 2 5p,
37 2p 2 3p,
40 2s2p3d,
85 2s2p5s
35 2p 2 3p,
44 2p 2 3p,
40 2s3s3p,
35,2p3p2,
44 2p3p 2 ,
25 2s3p4s,
25 2p3s4s,

O* atoms produced in the neutral photodissociation
of O2 molecules are measured as a function of excitation photon wavelength. Two-dimensional representation of the flouresence spectra is shown in Figure 3. The two-dimensional location map reveals
the striking behavior of neutral dissociation far
beyond the IP, i. e., state-state dissociation of the
(C 4 2 u )ns o g and nd ?rg, v'= 1 Rydberg states. For
v ' = l vibrational level of each Rydberg state, having
the principal quantum number of n, converging to
the O+2 c 4 2 u state, the production of O(ns3S) atoms
is strongly emphasized, where the n quantum number is conserved;
O 2 " (c4 2" ns a g or nd n g )— O(ns3S) + O.
A threshold photoelectron spectrometer using
the penetrating field technique has been constructed.
Vibrational structures of Xenon dimer have been
successfully studied by the spectrometer combined
with a photoion time-of-flight analyzer. Especially
the vibrational progression associated with the
C27Ti.u state of Xe 2+ has been observed for the first
time, which is shown in Figure 4. The intensity distributions of the low vibrational levels show a FrankCondon like profile. Note that the intensity of the

12 2p 3
15 2p 2 3p,
13 2p 2 3p,
20 2s24p,
20 2s2p4s
20 2s2p5s,
16 2p23p
28 2p 2 3p,
29 2p 2 4p,
9 2p24p
29 2s2p3s,
26 2s2p4s,
21 2p 3 ,
16 2p 2 4p,
31 2p3s2,
33 2p3s2,
22 2p3s3p,
23 2p3s4s,
22 2s3p4s,

8 2s2p3s
14 2p 2 3p,
12 2p24p
10 2s25p

14 2s2p3s

12 2s2p3s
9 2s2p3s
25 2p24p
13 2p 2 4p,
12 2s2p5s
12 2s2p3s
13 2s23s
19 2p3p
23 2s3s3p
12 3s3p,
16 2p3s3d,
17 2p3d 2 ,

11 2p25p

12 2s3p3d
13 2p3p2
13 2p3p2

peak at 928.38 A is strongly enhanced. This peak is
attributed to the D 2 2 j g state. The population of
high v' levels outside the Frank-Condon region of
C2Tju state must occur via an indirect process.
2.2 Core Electronic Excitation

The high photon flux, high resolution, and high degree of linear polarization at the soft x-ray undulator
beamline BL-2B provide us opportunities to develop
new soft x-ray spectroscopy; high-resolution symmetry-resolved phtoabsorption spectroscopy and photoelectron angular distributions from oriented free
molecules.
High-resolution symmetry-resolved O K-edge spectra of O2 molecules have been measured by detecting
fragment photoions emitted parallel ( A A = 0) and
perpendicular ( A A = + 1) to the electric vector of
the synchrotron radiation, which are shown in Figure
5. In the A A = 0 spectrum, some unassigned peaks
are found in the ls-*3p Rydberg state, converging to
the 4 2 ~ ionized state, on the broad resonance feature around 541eV. Comparison with ab initio potential energy curves indicates that the Is -• 3p(4 2")
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Fig. 3. Two-dimensional yield spectrum of the flourescence radiation emitted from neutral O" atoms produced in the neutral photodissociation of O2 molecules. Horizontal line structures present the partial
flourescence yields of O I radiation lines. Yield spectrum of nondispersed flourescence is shown in
upper panel. M. Ukai, S. Machida, K. Kameta, M. Kitajima, N. Kouchi, Y. Hatano and K. Ito.
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Fig. 6. Angular distributions of 1s a photoelectrons
from the spatially aligned N2 molecules, (a)
molecular axis is aligned parallel to the electic vector of the incident light and (b) molecular axis is aligned perpendicular to the electric vector. E. Shigemasa, J. Adachi, M. Oura
and A. Yagishita.
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Fig. 5. High-resolution symmetry-resolved spectra of
O2 molecules, (a) symmery-resolved spectra
and their sum corresponding to the photoabsorption spectrum, (b) blowup of the AA =
0 spectrum and (c) blowup of the A A = + 1
spectrum with the assignments of the Rydberg series. Anomalous vibrational progression is observed around the 3ps state. A.
Yagishita, E. Shigemasa and N. Kosugi.

Rydberg state is mixed with the Is-* a * repulsive valence state with the same ion core (42~) and that the
avoided curve crossing between the states enhances
vibrational excitations. The resonance feature around
539.5 eV is attributed to the ls-» a * (22~) state arising from the exchange splitting in the Is -* a * va-
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lence excitations.
In order to determine angular distributions of
photoelectrons from aligned molecules, one is faced
with the technical difficulty of creating the alignment. The method adopted in this study made no
attempt to physically align the molecules. Rather,
the populations of molecules with the desired alignment were selected by detecting energetic ions
ejected either parallel or perpendicular to the polarization vector. The angular distributions of Is a
photoelectrons from spatially aligned N2 molecules
have been performed using an angle resolved photoelectron-photoion coincidence technique in the regions of the K-edge and a * shape resonance. The
angular distribution pattern for the parallel transitions on the a * shape resonance is shown in Figure
6(a), and the one for the perpendicular transitions in
Figure 6(b). As can be seen from Figure 6(a), for the
parallel transitions the f-partial wave dominates due
to the shape resonance effect. On the other hand,
the p-and d-partial waves dominate for the perpendicular transitions (Figure 6(b)).

called "resonance photoemission" in photoemission
spectroscopy or "resonant Raman scattering" in
emission spectroscopy, the former of which already
has a long history of about 20 years, while the latter
has only a few years of history in VUV and SX regions.
On the other hand, EXAFS or SEXSAFS is related to measurement of much larger energy scale
and gives information on the atomic arrangement of
the short range distance. At the Photon Factory this
technique is mainly used with a double-crystal
monochromator and sometimes combined with a
standing-wave method for materials with periodicity.

D. VUV AND SOFT X-RAY
SPECTROSCOPY OF SOLIDS
1.

BASIC TECHNIQUE OF THE
RESEARCHES

With all the VUV and Soft-X-ray(SX) beamlines
one can use monochromatized photons from 5 eV to
3 KeV. The low energy region below 1.5 KeV is
mainly covered by grating monochromators, while
the high energy region above 1.7 KeV is covered by
double-crystal monochromators using Sb crystals.
One of the important actions to materials caused
by the VUV and SX photons is excitations of core
electrons of constituent atoms, which is usually exerted in the time scale much shorter than the time
for relaxation by valence electrons, meaning that the
most part of the excitation processes is completed
before its side-effect propagates far from the atom
concerned. In this context the core excitations are
often called "local", "site-specific", or "atom selective" excitations.
However these photons can also excite valence
electrons, some of which are not localized within an
atom. Therefore the spectra obtained could in principle include effect due to delocalized excitations to
some extent. The most important applications of this
aspect is the angle-resolved photoelectron spectroscopy to determine the band structure of materials
with translational symmetry.
High resolution spectroscopy with core excitations also gives information on non-local aspect of
valence relaxation in the following way. With a very
high energy resolution, A£, one can see a long time
scale, &t, which allows, for example, a non-local
screening to occur. In other words a small AfJ generally corresponds to a small wave number, ^k, giving
information on a larger size of the real space. That is
why most VUV and SX synchrotron radiation facilities in the world try to construct grating monochromators with very high resolution over 104.
Then a powerful method to investigate both local and non-local aspects of core excitations is to tune
the photon energy to a resonance level regardless
whether the level is localized or delocalized. In fact
the characteristics of the resonance level could be
changed between the initial and the final states but it
can in principle be clarified through analysis of the
above resonance experiment. Actually the method is

2.

SPECIAL FEATURES OF SYNCHROTRON
RADIATION

2.1 Utilization of polarized synchrotron radiation
One of the important advantages of the synchrotron radiation is its excellent polarization characteristic. Usually radiation from a bending magnet or
a linear undulator is linear polarized when observed
in the orbital plane. Furthermore the Photon Factory
has two helical undulators to produce circularly polarized radiation, one at the 2.5 GeV ring and the
other at the TRISTAN Accumulation Ring (AR).
Using linear polarization, one can get information on the orientation of a molecule or direction of
the spatial extension of the wave function concerned.
This advantage has been utilized to determine the
structure of molecules or the atomic arrangement of
atoms adsorbed on a surface. For a gas phase molecule, linear polarization has been used also to characterize the electronic states related to fragmentation
or decomposition of the molecule.
Circular polarization in the VUV and SX region
has been used mainly for magnetic circular dichroism
(MCD) of materials such as ferromagnets, ferrimagnets, magnetic multilayers, and even materials without any magnetic order in the ground state. Figure 1
shows the MCD spectra of a Ni-Pd alloy in the Ni
2p-3d excitation region measured at BL-NE1B1*. In
this method an external magnetic field is applied to a
material, which induces polarization of a material to
some extent even though the material does not have
any magnetic orders in the ground state. For all of
those materials the sum rule relating the magnetic
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2p-3d

sorption processes occurring at molecules adsorbed
on a surface. Figure 2 shows an example of such a
measurements on polymethylmethacrylate (PMMA)
thin films2).
This technique could be used also in studies on
relatively slow radiative decay of locally excited systems, which generally requires highly efficient second
monochromator and a fast time-resolved emission
detector. Though some measurements have been
performed in the X-ray region (14.4 KeV) at the AR
to investigate quantum beat appearing in nuclear
Bragg scattering by a Fe57 crystal, there have been
very few examples in the VUV and SX regions.
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PHYSICS OF SOLID STATE
SPECTROSCOPY

•
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x = .2

3.1 Single electron states in solids: Band structure
Though various types of electron correlation
effects have been known to play an important role in
many "exotic" properties in solids, one of the basic
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Fig. 1 The MCD spectra of Ni-Pd alloys in the Ni 2p
-•3d excitation region.
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moment and the spectral intensity has been often
used to analyze the results or decompose the spin
and orbital moments. However it has been noticed
that great care should be taken when applying the
sum rule to the experimental results.
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2.2 Utilization of the pulsed structure of synchrotron
radiation

CH+

CHO+

0-

Because the PF ring has a revolution period of
560 nsec, one can observe a pulsed light signal with
the above time separation in the single bunch mode.
The bunch length in this mode is about 300 psec,
which is short enough to observe decay or relaxation
processes following core excitation with time constant longer than 1 nsec. With this advantage timeof-flight (TOF) measurements have been performed
without using any optical shutter or chopper system,
for instance, to investigate the dynamics of photode-
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Fig. 2 The TOF measurement of PMMA thin film.
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information on the electronic states in a solid or a
surface is the apparent one-electron energy distribution described by the band structure. When the system has translational symmetry the energy has k dependence giving the corresponding energy dispersion,
E(k). It should be noted, however, that the obtained
E(k) is not the energy of an electron isolated from
other electrons, and that it is rather a renormalized
energy including the averaged effect induced by the
presence or the motion of other electrons. Therefore
the experimentally observed energy of a particular
branch of the band has a non-vanishing energy width
A£, corresponding to the inverse of the lifetime of
the quasi-particle in the many-electron system. For
the Fermi liquid system the energy width A£ has
been known to be proportional to the square of the
binding energy, Eb, relative to the Fermi level when
Eb is much smaller than the band width.
Quite recently great development of band calculation has made it possible to take electron correlation effects into account to some extent, and in
some cases the relativistic effect causing the spinorbit interactions. Therefore one can regard the results of the band calculation as the reference point
from which further discussions continue.
Technically, photoemission spectroscopy with
very high resolution on the valence band of metals
and alloys is an important and essential experimental
method to clarify the characteristics of electronic
states near the Fermi level. The method has been
adopted, for example, in the investigation of "heavy
Fermion" systems or "Kondo insulators". From the
results of the experiment one can deduce whether
the electron correlation is really important or not.

teraction, which might be even more complicated if
the spin-orbit interaction of the core hole is comparable to the exchange one.
Fortunately, however, the above situation allows
us to adopt the atomic calculation for the starting
point.
One of the important effects of the above uneven attractive forces acting on the valence electrons
is that the states almost degenerate in the ground
states may lose the degeneracy in the excited states.
A good example can be found in a material with "valence fluctuation", where the state with valency n has
almost the same energy with the state with valency n
+1. But because the created core hole gives different attractive forces on the two states, photoemission spectra of the core electrons generally add some
satellite structures. Figure 3 shows an example of
such a study on CeRu2 measured with XPS
technique3).
In the time domain picture the above excited
state is described as a non-stationary state oscillating
from one state to another. When the oscillations with
lower frequency are more important, the terminology
"screened" states or "relaxed" states are often used.
Strictly speaking "relaxation" of a system means
some damping of the oscillations, through excitations
of other quasi particles which are assumed to affect
the system concerned from the outside of the system.
However in most cases of high energy spectroscopy
"relaxation" within the electronic system plays an
essential role, because it is usually very difficult to
observe real relaxations including lattice motions.

3.2 Local electronic states without translational
symmetry

Apparently, creation of a core hole induces
some attractive force on valence electrons or even on
the excited electrons. Here it is interesting to see
that the above attractive force depends on the electronic states of valence electrons in the ground state.
In fact, an electron which is more localized in the
ground state feels larger attractive force due to the
core hole. It often happens that there is some overlap between wave functions of the hole and a valence
electron and this makes the attractive force dependent on the spin of the hole through exchange in-
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Fig. 3 The satellite structure of CeRu2 measured
with XPS technique.

3.3 Electron correlation

4.

As mentioned in 3.1, some part of electron correlation effects in the ground state is renormalized in
single-electron energy of the valence band. The other
parts of the correlation effect are often concealed
and do not appear as the dispersion curves of the
band structure. They may appear as a separate structure like the "6 eV satellite" observed in the valence
band photoemision spectra of Ni metal, where the
number of 3d holes, 0.6, in the ground state is interpreted in terms of superposition of two almost degenerate configurations, such as 3d9 and 3d10. Figure
4 shows such an example, where the satellite is decomposed into atomic multiplets4^.
However an important difference compared to
the case of uneven attractive forces is that the energy
separation in the final state is caused by the repulsive
energy between two electrons, which is often denoted symbolically by U. Roughly speaking the
above separated satellite appears in the valence band
structure when U is larger than the band width (or
the inter-site electron transfer energy T ). Here it is
implicitly assumed that U works within a small spatial region corresponding to the size of constituent
atoms. This means, that presence of many localized
orbitals induced by the attractive force of an ion
core, is an implicit but essential condition to give rise
the above correlation satellite.

4.1 Photoemission spectroscopy
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Some experiments have been carried out to
obtain band dispersion E(k) of SrTiO3 with a proposal No. 93-G113, and that of Si(001)2 X 2-A1 with a
proposal No. 94-G189. The basic result in the former
study was that the O 2p band can be described in
terms of the single-electron picture. In the latter
study, it was found that the dispersion curves of Al
2p band never intersect the Fermi level and one
branch corresponds to the Al-Al dimer structure.
Gd-Lu multilayers were studied with 3d resonant
XPS under a proposal No. 92-G146, where it was
found that the satellite structure appearing in the 4f
band of pure Gd disappeared in the multilayers indicating that the Gd 4f state is largely modified due
to a long range effect induced by Lu layers. The disappearance of the satellite is interesting, because it
shows the possibility that the origin of the satellite of
pure Gd may be due to some unknown long range
correlation effect. In most current theories, the correlation satellite is treated as a local effect such as
the famous "6 eV satellite" in Ni metal, where two
localized configurations, 3d8 and 3d9L are considered
in the excited states. On the other hand, it is well
known that the observed correlation energy U is
greatly reduced due to other correlation effect
among d or f electrons. For example, Ni-Pd and PdAg alloy systems studied at PF in 1988 showed that
the "two hole bound state" is delocalized to some extent. Because the present system is a 4f system, the
result might indicate break-down of the picture of
local mixing between 4f n and 4f n + 1 L states.
CeB6 has been a good target of the similar study
because it would show the "Kondo peak" at low
temperatures and it is a typical candidate of the
"Kondo lattice" system. It has been studied with the
energy resolution of 78 meV using the 4d-4f resonant
photoemission technique under a proposal No. 93G333. In the study, the spin-orbit splitting with 240
meV energy separation was observed together with a
broad satellite structure at the binding energy of 2.4
eV. The spectra are shown in Fig. 5. The latter has
been usually interpreted as "4f °" configuration, but
the origin of the broadening is still puzzling, and the
present result might suggest possibility of the bandlike (delocalized) nature of 4f states in the ground
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Fig. 5 The photoemission spectra of CeB6

state, since the idea of the "Kondo lattice" needs
coherence among 4f states belonging to different
atoms.
A spin resolved photoemission study on Fe7S8
and Fe7Se8 has been performed under a proposal
number 93-G335 at BL-19B. Both samples were
found to show negative spin polarization near the
Fermi level due to the Fe 3d minority band. The
binding energies at which the change in the sign of
the polarization occurs were found to be larger in
FeS8 than in FeSe8, indicating that the exchange
splitting in the Fe 3d band is also larger in FeS8.
4.2 Absorption spectroscopy and magnetic circular
dichroism

Among those a study on the adsorption and the decomposition of silane on Cu(lll) under a proposal
No. 94-G178 showed a drastic change of the structure dependent on the temperature. Because phase
transitions on surfaces are of great interest, any
temperature dependence of the surface structure
should be studied by more number of users.
As an example of the second category, an O Is
absorption study was made under a proposal No. 93G31.6 on Y1-xCaxTiO3, which is regarded as a MottHubbard insulator for x = 0, and becomes a metal
when x > 0.4. The results shown in Fig. 6 have suggested that the structure due to the Ti 3d t2g orbital
is enhanced when x is 0.4 or larger. This was interpreted in terms of creation of in-gap states with hole
doping. In general, however, a change of the electronic states due to hole (or electron) doping in such a
highly correlated system is very complicated and the
creation of a in-gap state is not self-evident. In fact,
the doped hole (or electron) may have some itinerant
character, and can move in the solid accompanied by
a very strong effect on other electrons at each
1
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The absorption spectroscopy in the VUV and
SX regions is divided into three categories, namely,
EXAFS mainly for surface structural analysis, ordinary absorption measurement to investigate electronic
states, and magnetic circular dichroism (MCD).
The first category was devoted to structural
analysis of adsorbed atoms or molecules and the reconstructed layers of the substrate, where the polarization-dependent scattering processes have been
taken into account to determine the orientation of
the bondings. Many studies have been performed on
various overlayers on various surfaces such as
Ni(llO), Ni(100), Ni(lll), Cu(100), and Cu(lll).
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Fig. 6 01s absorption spectra of Y1-xCaxTiO3
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conductors having very unstable surfaces.
SXES is performed sometimes with resonant
mode where the initial valence state of emission is
modified by adding an extra electron. Even without
the resonant mode, one can decompose the valence
band of a compound or an alloy by tuning the
photon energy to the core level of a particular atom,
which is also an apparent advantage of SXES over
the valence band photoemission spectroscopy. Therefore the resonant mode in the SXES is mainly utilized to investigate many-electron effects, which could
not be described with a band picture.
The SXES study on LaCuO4 and CuO has been
carried out with the resonant mode under a proposal
number of 93-G129. Because the specimens are regarded as "highly correlated system", the main purpose of the study is to see any change in the hybridization between d9 and d10L configurations, and the
results has shown that the hybridization as well as
the emission band width is larger in LaCuO4 due to
the existence of apical oxygen atoms. In the experiment a curved crystal monochromator was used as
the second monochromator.
The resonant SAXES and the Auger electron
spectroscopy (AES) have been performed on SiO2 in
the Si Is excitation region under a proposal number
of 93-G128. The obtained Si 2p-ls emission spectra is
shown in Fig. 7, where change in the emission in-

periodic site, and this also causes excitation of magnons possibly with a form of itinerant magnetic
polarons. Therefore, a single-site model, such as the
impurity Anderson model, or the cluster model,
might not give a correct description of an "in-gap"
state. In this sense the present results have given a
subject of controversy as a topic of metal-insulator
transition.
The MCD studies have been carried out by
many groups on various materials. Among those the
MCD study on KBr and RbBr excitons under a
proposal No. 93-G340 is noteworthy because the
specimens are non magnetic. They gave the estimated g-values of the excitons to check the validity
of the band assignment. Significance of the study
may also be stimulation of more exact relativistic
band calculations for alkali halides.
4.3 Soft x-ray emission and Auger electron
spectroscopy

The number of studies with soft x-ray emission
or Auger electron spectroscopy have increased rapidly, not only because of the recent improvement of instrumentation for measurements of the secondary
light, but also because of substantial enhancement of
the brightness at the sample position, owing to developments in the beamline technology. Since the
emission spectroscopy is useful for studying the valence band of a material, higher energy resolution of
both the first and the second monochromators has
more advantage, for example, to observe the detailed structures near the Fermi level of a metal. To
accomplish high energy resolution of the second
monochromator, the focused image on the specimen
should be as small as possible at least along the
direction of the dispersion by a grating, because the
image works as the entrance slit. Actually there
would be some compromise between the number of
incoming photons and the energy resolution.

hv(eV) =
1855.5

1848.5
1847.5

Probably the most significant advantage of the
soft x-ray emission spectroscopy (SXES) is that, one
does not have to worry so much about the vacuum
environment, because the absorption length in the
soft x-ray region, which is about several hundreds
nm, is much longer than the escape depth of elastic
photoelectrons, which is typically of the order of a
few nm. This advantage could enable us to perform
experiments, for example, on some high Tc super-
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Fig. 7 Si 2p-1s emission spectra of SiO2
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competing decay processes, both of them should be
treated with a unified theoretical picture. When such
a theory is presented in the future the present controversial interpretation of experimental results by
SXES and AES will converge to be more definite,
and these measurements will become just a powerful
tool to investigate the detailed electronic structures
of valence electrons of a material.

tensity suggests existence of a resonant level within
the unoccupied valence band. Figure 8 shows the resonant Auger spectra, where the components, N and
N', with constant kinetic energies correspond to the
normal Auger process with the excess energy carried
by the photoelectron. There are also components, L
and L', the energy shift of which is roughly proportional to the change in the incoming photon energy
and they are interpreted as the "spectator Auger".
This interpretation does not seem unique because a
direct Si Is resonant photoemission of a Si 2p electron accompanied by a shake-up of another 2p electron could also give the similar energy shift. In the
latter case the electron excited from Si Is level "participate" in the subsequent decay processes.
Though radiative decay and Auger decay are
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1) S.-Y. Park et al.: J. Phys. Soc. Jpn. 64 (1995)
934.
2) M. C. Kida-Tinone, Doctor thesis, Graduate
University for Advanced Studies (1994).
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X-RAY SCATTERING SPECTROSCOPY
OF MAGNETIC MATERIALS
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The topical experimental results concerned with
the above subject at the last year are following experiments. One is a separation of the magnetic moment between the spin and orbital contribution on an
actinide compound(UTe) by means of magnetic
Compton scattering and magnetic Bragg scattering.
The other is a success of the magnetic circular X-ray
dichroism measurement at Pd L32-edges in Fe-Pd
alloys. The energies of these absorption edges are located at 3.1-3.4 keV.
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X-RAY MAGNETIC SCATTERING
STUDIES ON UTe

At actinide system (5f-electrons), there are various types of the magnetic ordering as to speak
"almost localized" to "almost itinerant" or these mixture. In order to discuss such magnetic character, it
is necessary to evaluate the degree of localization of
the 5f-electrons, which will be reflected to the orbital
magnetic moment. The separation of the magnetic
moment between the spin and orbital contributions
can be realized by magnetic X-ray scattering experiment by using the polarized synchrotron radiation
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Fig. 8 The resonant Auger spectra of SiO2
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[x105]

such as magnetic Compton scattering and magnetic
Bragg scattering. For example, magnetic Compton
scattering reflects only spin contribution fts, and
therefore the orbital contribution ^ L of the magnetic
moment can be estimated by a combination of
magnetic Compton scattering experiments and the
macroscopic total magnetization measurement;
The magnetic Compton scattering experiments
were carried out at the beamline AR-NE1, whose insertion device is an elliptical multipole wiggler to get
elliptically polarized high energy X-rays. The temperature of the sample was set 80 K. Figure l(a) and (b)
show the spectra of magnetic Compton scattered Xrays, 1+ — 1 _ , from Fe and UTe, respectively. Here
1+ and I - are intensity profiles of the Compton scattered X-rays from the spin up( + ) and the spin
down( —) states. It must be noticed that the sign of
1+ — I - is positive for Fe, while negative for UTe.
This fact shows directly the spin magnetization jus is
anti-parallel to the bulk magnetization and also the
value of the net spin moment jus (UTe) is -1.57 ^ B .
Together with the total magnetization; pttotal = 1.91
/uB, the value of the orbital magnetization can be
estimated as ^ L = 3.48 /uB. Further more, the curve
fitting analysis of the magnetic Compton profile (see
Fig. l(c)) gives the values of spin moment of the 5f
component ^s(5f) and the conductive s,p,d like electrons ^(s.p.d) as -1.21 yuB and -0.36 ^ B . respectively.
In a case of the magnetic Bragg scattering (especially non-resonant magnetic Bragg scattering), it is
possible to obtain the separation at the magnetic
form factors; L(k), and S(k). This is complementary
to the magnetic Compton scattering experiments, because the latter gives us only the total spin magnetic
moment: ^ s =2S(0). The magnetic Bragg scattering
experiments were carried out at the beamline PFBL3C1 by using a white beam method. The method
has been originally developed by Laundy et. al.. The
experimental arrangement is schematically shown in
Fig. 2(a). The incident beam on the sample is the
synchrotron radiation above the orbital plane of the
storage ring, because it is necessary to get an elliptically polarized white X-rays in this method. The scattering angle; 2# B , is fixed at 90 degree to reduce the
intensity of the charge scattering and to enhance the
magnetic scattering signal. The so called flipping
ratio, which is defined as (I + — I_)/(I++ I_), is expressed as gfP |L(k)(cos« + sin a) + 2S(k)sinff| /n(k).
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Fig. 1 (a), (b) Spectra of magnetic Compton scattered X-rays, l+ — I - , from Fe and UTe, respectively. From (b), the net spin moment
^s(UTe) can be estimated as -1.57^ B (c) Curve fitting analysis of the magnetic
Compton profile on UTe. The values of spin
moment of the 5f component ^s (5f) and the
conductive s,p,d like electrons ^(s.p.d) can
be estimated as -1.21 pB and -0.36,UB> respectively.

Here, g is the energy factor g = E/mc2, fP is the
polarization factor; fP = P^l-Px), where Pc, (P,) is
the degree of the circular, (linear) polarization of the
incident X-rays. n(k) is the charge structure factor,
and a is the angle of the direction of the flipping
magnetic field respect to the direction of the incident
X-rays. By choosing suitable values of a , it is possible to get the values of L(k) and S(k), independent-

moment, and this is consistent to the above results
by means of the magnetic Compton scattering. (2)
The overall shapes of the L(k) and S(k) are not
much different from those of the calculated ones for
ionic state, however the experimental L(k) and S(k)
show more rapid fall off than the calculated ones.
This feature indicates that the orbital and spin
magnetic moments of the 5f electrons are spatially
spread out in UTe more than those in ionic state.
This kind of a systematic X-ray scattering studies
from various magnetic materials (actinide compounds
etc.) will be progressed in a future.

-X-ray
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MAGNETIC CIRCULAR X-RAY DICHROISM
MEASUREMENT AT Pd Lj,2-EDGES IN Fe-Pd
ALLOYS

Magnetic circular dichroism (MCD) has
attracted much attention as a useful tool for investigation of local magnetic states in ferromagnetic or
ferrimagnetic materials. The MCD measurement using hard X-ray (photon energy > 6 keV) and VUV,
soft X-rays (0.1-1.5 ke.V) have been made in various
magnetic materials. However, in an intermediate
energy region of 1.5-6 keV where the L3j2-edges of
4d transition metal and the M5 4-edge of 5f actinide
are located, there is no MCD measurement because
of the following problems: One is the attenuation of
X-ray intensity by air, and the other is a deterioration of the degree of circular polarization due to the
monochromator. Two years before, the beamline PFBL28B has been constructed for circularly polarized
X-rays including the above energy region, and now
the beamline is opened for the MCD measurement
in an above intermediate energy region without high
vacuum system. Here, we describe the MCD
measurements at Pd L 32-edge in Fe-Pd alloys,
whose energy range is located at 3.1-3.4 keV.
The measurement were made in fluorescent
mode; the intensity of the fluorescent X-ray was measured by fluorescent ion chamber with flowing N2
gas, while the incident beam intensity was monitored
with an ion chamber with N2-He mixed gas. In order
to minimize the absorption by air, the sample was
mounted in an evacuated chamber and several tubes
with flowing He gas were substituted for the air. Figure 3 shows the observed MCD spectra at the Pd
L32-edges in the 67.1 and 40.3 atom % Pd-Fe alloys.

I
Fig. 2 (a) Schematic view of the experimental
arrangement for magnetic Bragg scatterung.
The letters S, C, P and ^ denote specimen,
cryostat, pole -piece of the magnet, and
magnetic direction of the specimen, respectively.
(b) Open circles and squares are the
obtained form factors of the orbital and the
spin magnetic moments in UTe, and the solid
(broken) line is the calculated form factors of
the orbital (spin) magnetic moment for U 3+ ion
under a dipole approximation, respectively.
Full circle and square are the total orbital and
spin magnetic moments obtained by the
above magnetic Compton scattering experiment.

ly. Figure 2(b) shows the results of the orbital and
spin form factors (circles and squares), and also
shows the calculated form factors of L(k) and S(k)
which are estimated from the dipole approximation
from U 3 + ion. From the figure, the following facts
can be found. (1) UTe has the large orbital magnetic
moment which is coupled anti-parallel to the spin
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topography reveals not only the presence of domain
structure, but also the direction of the spontaneous
polarization by using departures from Friedel's law
which appears with the anomalous scattering. In the
case of the domain structure on ferro- or ferrimagnetic materials, the main origin of the contrast in
X-ray topography, however, is a strain contrast due
to a magnetostriction, and it is impossible to reveal
the direction of the spontaneous magnetization, Ms,
within the charge scattering X-ray topography.
Recently, X-ray magnetic Bragg scattering
measurement techniques have rapidly developed by
using syncrotron radiation. Especially, the flipping
ratio of the magnetic Bragg scattering intensity can
be enhanced by using a resonant effect. Therefore, it
is possible to see the direction of the spontaneous
magnetization, if we take an X-ray magnetic Bragg
scattering topography. Here, we present the first
methodological success of X-ray magnetic Bragg scattering topography from an Fe3O4 single crystal, and
determine the direction of Ms from the topographic
image.
The experiment was carried out at the beamline
15B. Figure 1 shows the result of the topographs. Figure l(a), (b), and (c) are (444), (606), and (800) Xray topographs which are taken by 6.858 keV X-rays
in order to characterize the domain formation in the
sample. The energy of the incident X-rays is 253eV
lower than the Fe K-absorption edge. Therefore, the
main contribution in these topographs can be considered as charge scattering. In Fig. l(b) and (c), domain boundaries can be seen as vertical white and
black lines. On the other hand, there is no vertical
line image in Fig. l(a). The origin of this boundary
image is considered as an orientation contrast of
109° domain due to the magnetostriction.
Then, the energy of the incident X-rays was
tuned to the Fe K-edge to get a resonant magnetic
Bragg scattering topography. The obtained topograph is shown in Fig. l(d). It is possible to see some
vertical stripe images, which corresponds well to the
domain itself. This domain contrast is due to the Xray magnetic Bragg scattering, and the direction of
the magnetization in the black stripe image corresponds to a downward direction. Finally, the magnetization direction of each domain can be determined
as the solid arrow in Fig. l(e).

Pd Li-edge
67.1at%Pd-Fe
-0.1b
-10 0 10 20 -10 0 10 20
Energy E - Eo (eV)
Fig. 3 MCD spectra at the Pd L3.2-edges in the 67.1
and 40.3 atom % Pd-Fe alloys.

The spectrum is negative (positive) at the Pd L3-edge
(L^-edge), and the feature is common to the MCD
spectra at the L3,2-edges of Pt in Fe-Pt alloys. The
present results directly show the ferromagnetic ordering between the Fe 3d and Pd 4d magnetic moments.
By using magneto-optical sum rules under the
assumption that the magnetic dipole term can be
neglected, the orbital moment is nearly equal to zero
and the Pd 4d magnetic moment dominantly arises
from spin character.

F.

STRUCTURAL
PROPERTIES
CONDENSED MATTERS

OF

1.

X-RAY MAGNETIC BRAGG SCATTERING
TOPOGRAPHY FROM Fe3O4

X-ray Bragg scattering topography gives us information of the crystal defect, strain distribution,
domain structure etc. in a crystal. In the case of the
domain structure on ferro-electric material, X-ray
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g(444)
110

\

(e)
Fig. 1 (a), (b), and (c) are (444), (606), and (800) X-ray topographs which are taken by using 6.858 keV Xrays in order to characterize the domain formation in the sample, (d) (444) resonant magnetic
Bragg scattering topograph. (e) Schematic view of the domain formation, and the direction of Ms is
determined as solid lines by (d). (f) Directions of the crystal axes in this figure.

for a submicrometer-sized crystal particle using an
imaging plate (IP; Fuji Co. LTD.) as a twodimensional detector with its read out system. This
development was carried out at beamline 4B of the
Photon Factory. By this method, crystallographic information can be obtained from the exact same area
of samples as is probed by optical microscopy,
EPMA or micro Raman spectroscopy.
Due to the limited space around beamline 4B, a
micro-beam is produced by using a micro-pinhole.
Those with diameters of 2.4, 3.5 and 8//m full width
at the half maximum are now available. The experi-

Reference
1) H. Kawata and K. Mori, Rev. Sci. Instrum. 66
(1995) 1407.

2.

MICRO-AREA DIFFRACTION SYSTEM
USING POLYCHROMATIC SR

For crystallographic studies of micrometer-sized
area of larger specimen, an equipment and software
system (micro-area Laue system; MAL) has been developed by making brief modification of the system
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ment is carried out in vacuum to minimize background level caused by air scattering. The IP detector covers -60 to 165 degrees in two-theta with a
cylindrical camera radius of 100 mm.
The software system includes (a) assignment of
indices, (b) simulation of Laue pattern, (c) refinement of crystal orientation, (d) calculation of integrated intensities, (e) absorption collection and (f)
structure refinement based on intensities of Laue
spots.
One of the recent results of an application of
MAL to unknown carbonaceous material in a thin
section of ureilite (a kind of meteorite) is briefly introduced in below.
On ureilite, it is characteristic that there are carbonaceous materials in boundaries of mineral grains

as veins. Eight polymorphism of inorganic carbonaceous material have been reported. By an application of micro Raman spectroscopy to the carbonaceous vein, it is suggested that there are some
materials related to diamond or lonsdalite. Then
MAL was applied to unknown sample with dimension of 2 X 1 ^m and Laue pattern (Fig. 2(a)) was
obtained for 60 min. exposure with the ring current
from 358 to 353 mA (2.5 GeV). By assignment of indices and subsequent simulation of the Laue pattern
(Fig. 2(b)), the unknown material is determined to
be diamond. An isotropic temperature factor has
been refined to be 0.19(3) A 2 based on twelve Laue
intensities.
Reference
1) K. Ohsumi, K. Hagiya, M. Miyamoto, Y. Kojima, M. Ohmasa (in preparatin).

3.

Fig. 2(a)

It has been recognized that a chemical shift of
XANES spectra occurs among different valence
states and is related to anomalous scattering. Using
the XANES absorption spectra at the Fe K edge of
iron oxides, a chemical shift of about 5 eV was
observed between ferrous and ferric ions. The

Laue pattern of micrometer-sized diamond
in a thin section of ureilite.

3

Fe 2+ AND Fe 3+ IONS DISTRIBUTION IN
MAGNETITE,
DISTINGUISHABLE
BY
X-RAY ANOMALOUS SCATTERING
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Fig. 2(b)
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Simulated Laue pattern of diamond in the same orientation as Fig. 2(a).
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magnetite (Fe3O4) spectrum lies about 2 cV higher
than FeO one. Similar to the Kramers-Kronig transformation, the Cromer and Liberman's calculation
was applied to estimate experimental f by substituting the observed cross-section data. The results
shows that the maximum difference in experimental
f between ferrous and ferric ions are about 2.5 at
the longer wavelength side near the Fe 2+ edge.
Selecting a wavelength to give the different f values,
the technique promises the possibility of distinguishing ions of the same elements in a mixed valence
crystal. X-ray intensity data for a single crystal of
magnetite were collected using a four-circle diffractometer at BL-10A. The experimental f values are independent from the refinement procedure and can
be estimated in advance. The structure calculation
using f possibly gives a model in an ionic state and
extracts well the distribution of valence electrons.
The introduction of f into the difference-Fourier
method gives valence-difference contrast for the
same atomic species in a mixed valence crystal and
therefore a schematic distribution of ions (Fig. 3).

4.

CRYSTAL STRUCTURE OF ENDOHEDRAL
METALLO-FULLERENE LA©C 82

Endohcdral Mctallofullcrenes arc a very attractive materials in relation to the electronic state of
metal and carbon cage. Some experimental results so
far suggested that a metal atom position is inside of
the carbon cage, but they are not the direct evidence
of the endohedral structure. The inside position of
the metal atom was elucidated by means of the x-ray
diffraction (XRD) at the beam line BL-6B.
In the previous XRD study of La @C82 with
some solvent, the solvent makes the crystal structure
analysis so complicated that the precise position of
La could not determined. In the present study the
solvent-free powder crystals of La @C82 have been
successfully prepared by the sublimation method. An
imaging plate was used as a detector. Figure 4 shows
the XRD spectrum of La@C82 at room temperature.
All diffraction peaks can be assigned to the major
crystals with the f.c.c. lattice and the minor crystals
with the hexagonal lattice. The lattice constant was
determined as a=15.82A for the f.c.c. crystal, and a
= 11.14A and c = 18.40A for the hexagonal crystal.
These values are reasonable as a nearly closed pack
of C82 molecules. The model calculation, in which
the La atom is located inside the carbon cage, could
reproduced the experimental spectrum; the R-factor
is about 11%.

Reference
1) S. Sasaki, Rev. Sci. Instrum. 66 (1995) 1573.

Refernce
1) H. Suematsu, Y. Murakami, H. Kawada, Y. Fujii, N. Hamaya, O. Shimomura, K. Kikuchi, Y.
Achiba and I. Ikemoto: Mat. Res. Soc. Symp.
Proc. 349 (1993) 213.

5.

SOLUTION X-RAY SCATTERING STUDY
FOR THE STRUCTURE AND FUNCTION
OF CALMODULIN-PEPTIDE COMPLEXES

Solution X-ray scattering (SOXS) using synchrotron radiation as an X-ray source has been applied to reveal the structure/function of calmodulin
which regulates many cellular processes in a Ca 2+ dependent manner. The crystal structure of Ca 2+
saturated calmodulin is a dumbbell shape molecule in
which N-lobe is connected with C-lobe by a long central linker as shown in Fig.5A. A series of SOXS

x3 = 1/2
Fig. 3 Valence-contrast map of magnetite at I =
1.7452A. Fe 3+ and Fe 2 + may concentrate in
positive and negative (dashed) regions. Dr =
0.1 eA" 3 ; M = the B site.
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La@C 8 2

5ioooo
CO

QCA"1)
Fig. 4 The powder X-ray diffraction spectrum of La@C82 at room temperature.

structure of calmodulin molecule.
A further study with other peptides like myosin
light chain kinase, calcineurin, etc., proceeds to reveal the structure and function of calmodulin.
Reference
1) R.H. Kretsinger, Science, 258 (1992) 50.

6.
Fig. 5A : Crystal structure of calmodulin.
B : Solution structure of calmodulin bound to a
peptide.

POST FCC STRUCTURE OF SOME
LANTANIDES UNDER PRESSURE

Trivalent lantanides are known to show common
crystal structure sequence hep -»• Sm-type -* dhep -*
fee as a function of increasing pressure. This sequence is generally accepted as a result of the increase
of electron transfer from s to d bands with pressure.
Report of second-order like transition of La and Pr
based on the resistivity measurement followed by the
observation of a new high pressure structure having
distortive character by high pressure X-ray diffraction study. Recent systematic investigation revealed
that the distorted structure is the fifth common structure of lantanides, but the structure has not been determined due to lack of precise intensity data. Recently the structure of this distorted structure was
successfully determined for Pr, La and Nd by synchrotron X-ray diffraction measurement. Diffraction
experiment was performed at BL-6B with a combination of a diamond anvil cell and an imaging plate.
Obtained data was analyzed by Rietveld method.
Followed by careful checks of two dimensional profile on the imaging plate, a few potential structures
have been examined based on the diffraction profile.

data indicate that the solution structure of calmodulin with or without Ca 2+ is essentially a dumbbelllike structure.
The molecular structure of the complex of Ca 2+ saturated calmodulin with mastoparan (a calmodulin
binding peptide of INLKALAALAKKIL in the
sequence), however, is not a dumbbel but a compact
structure by a band in central linker region as shown
in Fig.5B. Furthermore, the structure of Ca 2+ saturated calmodulin with other peptides, substance
P (a neurotransmitter of RPKPQQFFGLM in the
sequence) and gramicidin S (an antimicrobial peptide
of cyclo (-Val-Orn-Leu-D-Phe-Pro)2 in the sequence)
has been analyzed. The binding of each peptide
brings the structural change of calmodulin from a
dumbbell to a compact ovoid structure. Considering
the sequence of the peptides, amphiphilic property,
but not amphiphilic alpha -helical structure, of the
peptides may be critical to stabilize the bending
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After several trials, the space group R3m (Dfd) was
found to give the smallest R-factors. In this structure
as shown in Fig. 6(a) and (b), Pr atoms occupy two
independent atomic positions with three positional
parameters: 6c : (0, 0, zx) and 18h : (x,-x, z2) in the
hexagonal representation. The distorted fee structure
is obtained when x= 0.5 and Z!=z2 = 0.25. The atomic positional parameters were refined to be a =
6.4655(4)A and c = 16.085(8)A, Zj = 0.2719(7), x =
0.5080(6) and z2 = 0.2428(5). Global R factors are
Rwp = 2.94%, Rp = 2.10% and Re = 1.86%, and
phase-dependent R-f actors are Rj=0.62% and R F =
0.29% for Pr. The goodness-of-fit indicator S = Rwp/
R e =1.58 shows a fairly low value.
The distortion of the lattice can be explained by
the amplitude of the static displacement, e =x-l/2,
<?i = Zi-1/4 and (52 = z2~l/4. The continuous character of fcc-rhombohedral transition is clearly seen in
Fig. 7 where e , 8 x and 8 2 are plotted as a function
of pressure. It should be noted in Fig. 7 that over
the whole stability field if the rhombohedral phase
- S 2 is approximately equal to e and one-third of
8 !. The relationship 8 2 = - e = -(1/3) S l can be derived from the interrelation between the amplitude
of atomic displacement given by a linear combination
of three TA phonon modes, having a.-; equal amplitude, with wave vectors at the L point of the Brillouin zone of the fee lattice. This is consistent with
the fact that the unit cell volume of the rhom-

(b)
Fig. 6(a),(b)

Rhombohedral structure of Pr (R3m).
Arrows denote the displacements of
atoms from fee structure.

Table 1

Selected specifications for the horizontal parallel slits.

HPS1
HPS2
0.032
0.065
67
80
0.1
0.2
167
100
Stainless steel
0.05
353
15(width)X25(height)

Angular aperture(°)
Transmission efficiency(%)
Spacing between the two foils (mm)
Number of foils
Foil material
Foil thickness (mm)
Foil length (mm)
Effective window size (mm2)

Table ?. Comparison of peak maximum intensities and FWHM's in various
settings for the slit system.

Slit
HPS1
HPS2
RS=0.1mm
RS=0.2mm
RS=0.5mm

Peak maximum intensity
(counts s"1)
14223
24236
1655
5199
15348
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FWHM

n

0.0319
0.0582
0.0385
0.0564
0.1153
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Fig. 7 Pressure dependence of static atomic displacement, e (solid square), ^(solid circle),
and -# 2 (open circle) in rhombohedral stucture.

bohedral phase is eight times larger than that of the
undistorted fee phase. These facts imply that the fecrhombohedral phase transition is associated with the
softening of the TA phonon mode at the L point of
the Brilluoin zone. The same pressure dependence
for the static atomic displacement are found for La
and Nd.
Reference
1) N. Hamaya, Y. Sakamoto, H. Fujihisa, Y. Fujii,
K. Takemura, T. Kikegawa and O. Shimomura,
High-Pressure Science and Technology-1993, ed.
S.C. Schmit, J.W. Shaner, G.A. Samara and M.
Ross, (AIP Press, New York, 1994), p. 457.

G. PROPERTIES OF SOLID SURFACES
AND ADSORBATES
1.

XAFS STUDIES FOR ADSORB ATE
STRUCTURES AND BONDINGS

XAFS (X-ray Absorption Fine Structure) spectroscopy is an ideal technique for characterizing
structural and electronic properties of surface adsorbates. A local structure around an X-ray absorbing
atom can be derived from EXAFS oscillations, which
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includes interatomic distances in the adsorbed molecules as well as adsorption sites of the single crystal
surfaces. NEXAFS arises from electronic transitions
from a core to unoccupied molecular orbitals, which
gives us information on electronic properties and
adsorption behavior such as charge transfer, molecular dissociation and orientation.
At the Photon Factory, many adsorption systems
of sulfur-containing molecules on nickel or copper
single crystal surfaces have been investigated in these
5 yearsx~5). Among them, the initial adsorption behavior of sulfur dioxide molecules on Ni(100) surface
is described here as a typical example of the recent
results.
Adsorption of SO2 on metal surfaces has recently become an attractive subject, because it is a principal air pollutant. Since the molecule plays a stronger n acceptor role than CO, the structures and
electronic properties in the initial adsorption of SO2
are quite interesting. Orientation of the molecules in
the submonolayer state should depend on whether
the molecule acts as a n acceptor or a a donor. All
the previous studies have concluded that the molecular plane of adsorbed SO2 is perpendicular to the
metal surface, implying that the a donor nature
dominates the adsorption geometries. In contrast to
the previous results, sulfur K-edge NEXAFS and
EXAFS results (see Fig. 1) obtained at BL-11B6) and
oxygen K-edge NEXAFS spectra together with UPS
data taken at BL-7A7) for the SO2/Ni(100) system indicate that the SO2 molecule adsorbs on Ni(100) surface through the charge transfer from the nickel metal to the n* molecular orbitals with its molecular
plane parallel to the surface. Similar adsorption
geometries are also found on Ni(lll) 6 ) and Ni(110)8)
surfaces but a quite different structure has been estimated on Cu(100) where oxygen atoms are directly
bonded to the copper substrate instead of sulfur with
the O-S bond inclined by 60° from the surface normal. Details of all the experimental results are described in the Users' Reports section of this book.
This dissimilarity might be derived from different energy levels of the metal d bands; Ni 3d orbitals lie at the Fermi level, leading to the strong interaction with SO2 n* orbitals, while the deeper 3d
bands of Cu could have much less interaction.

8)

S. Terada, A. Imanishi, T. Yokoyama, S. Takenaka, Y. Kitajima and T. Ohta, Surf. Sci. 336
(1995) 55.

2.

ABSOLUTE X-RAY REFLECTIVITY
MEASUREMENT FROM THE
S-Bi SURFACES

c

.a
TO

a;

2
3
Distance R ( A )
Fig. 1 Fourier transforms of the sulfur K-edge EXAFS
oscillation functions for submonolayer adsorption system SO2/Ni(100) taken at X-ray incidence angles of d = 90° (normal incidence),
55° and 15°. There appear two peaks at 1.1
A and 1.9 A , which can be ascribed to S-0
and S-Ni bonds, respectively, and the interatomic distances are determined as 1.51 ±0.03
A and 2.18 ± 0.03 A . From the polarization
dependence of the two features, it is concluded that the S-0 bond is lying flat on the
surface and S atom locates at the bridge site
of the Ni(100) surface.

References
1) Y. Takata, T. Yokoyama, S. Yagi, N. Happo,
H. Sato, K. Seki, T. Ohta, Y. Kitajima and H.
Kuroda, Surf. Sci. 259 (1991) 266.
2) Y. Takata, Y. Kitajima, H. Aga, S. Yagi, T.
Asahi, T. Yokoyama, K. Tanaka and T. Ohta,
Jpn. J. Appl. Phys. Suppl. 32-2 (1993) 350.
3) S. Yagi, Y. Takata, Y. Kitajima, T. Asahi, H.
Aga, T. Yokoyama and T. Ohta, Jpn. J. Appl.
Phys. Suppl. 32-2 (1993) 353.
4) S. Yagi, T. Yokoyama, Y. Kitajima, Y. Takata,
T. Kanazawa, A. Imanishi and T. Ohta, Surf.
Sci. 311 (1994) 172.
5) S. Yagi, S. Takenaka, T. Yokoyama, Y. Kitajima, A. Imanishi and T. Ohta, Surf. Sci. 325
(1995) 68.
6) T. Yokoyama, S. Terada, S. Yagi, A. Imanishi,
S. Takenaka, Y. Kitajima and T. Ohta, Surf.
Sci. 324 (1995) 25.
7) T. Yokoyama, A. Imanishi, S. Terada, H. Namba, Y. Kitajima and T. Ohta, Surf. Sci. 334
(1995) 88.

S-27

The recent advance of synchrotron radiation has
enabled surface X-ray diffraction (SXD) method to
investigate crystal surface structure. A lot of information on surface structures has been obtained by
measuring diffraction intensity along reciprocal lattice rods. One of the results of SXD measurements
made at PF is structure determination of the Si(lll)
A/'3 X \/3-Bi surface. The conclusion based on the
kinematical data analysis is that the Si(lll)v / 3X v / 3Bi system forms the so-called milk-stool structure in
which the Bi coverage is 1 ML and each adsorbed Bi
atom is located nearly right above the Si atom in the
first layer of the crystal substrate.1'2^ Thus SXD has
become an effective method for surface structure
analysis.
The present theme on SXD is how to get more
refined information on matters such as coverage of
adsorbed atoms, surface roughness, thermal vibration, etc. The absolute reflectivity measurement is a
powerful tool for this requirement because the data
analysis is made in unique intensity scale and the result contains less uncertainty than that of the conventional data analysis.
From the viewpoint of the absolute reflectivity,
the measurement of the 8^111)^3 X^/3-Bi surface
was retried at BL-10C recently since a controversy
occurred on this system: a simple structure with the
1/3-ML Bi coverage was obtained by low-energy
electron diffraction (LEED)3'4) and scanning tunneling microscope (STM)5) and a honeycomb structure
with the 2/3-ML Bi coverage was obtained by X-ray
standing wave and STM.6) The absolute reflectivity
measurement can definitely distinguish these structures because the reflectivity drastically changes
according to the coverage of Bi atoms. Fig. 2 shows
the reflectivities from the 81(111)^3X^3-61 surfaces in different phases that were measured along 00
reciprocal lattice rod. Fitting curves in the figure are
calculated on the basis of the dynamical theory developed for SXD.7>8) The fitting result is that the
high-reflectivity phase corresponds to the milk-stool
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Fig. 2 X-ray reflectivities from the Si(111)v / 3X v / 3-Bi
surfaces measured along 00 reciprocal lattice
rod and fitting curves. The fitting results show
that the high-reflectivity phase corresponds to
the milk-stool structure with coverage of 1
and the low-reflectivity phase corresponds to
the simple structure with coverage of 1/3.

Fig. 3 Photon stimulated ion desorption yield spectra of CH 3 + and OCH + ions in the near oxygen K-edge region from PMMA. The yields
of CH 3 + and OCH + increase at 536 eV and
540 eV, respectively. This indicates that OCH3 and C-OCH3 bond breakings are favored
at 536 eV and 540 eV due to the O 1s — a *
a * (C-OCH3) transi(O-CH3) and the O 1s
tions, respectively.

structure and the low-reflectivity phase corresponds
to the simple structure. This result clearly rejects the
honeycomb structure model. The good agreement
between experiment and theory indicates the efficiency of this method for SXD data analysis.

3.
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1) T. Takahashi, K. Izumi, T. Ishikawa and S.
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SITE SPECIFIC FRAGMENTATION OF
POLYMER THIN FILMS

The excitation energy dependence of the photon
stimulated ion desorption from thin films of
polymethylmethacrylate (PMMA) has been measured
in the 250-600 eV range to investigate the primary
steps in radiation induced fragmentaion reactions using monochromatic pulsed-synchrotron radiation at
BL-13C. Site specific reactions were observed for the
first time at the surface of polymer films.J) These site
specific reactions were detected by the characteristic
differences in the partial ion yield spectra of PMMA.
The most intense ions produced from PMMA correspond to CH 3 + and H + ions. The CH + , CH 2 + ,
OCH + and COOCH 3 + ions are also observed in
considerable intensities. Using soft X-rays, ion desorption mechanism of PMMA was shown to be
directly related to the scission of bonding after the
excitation of Is core electrons at specific atomic sites
to unoccupied orbitals localized at the bonding responsible for the ion generation. For example, as
shown in Fig. 3, the efficient production of CH 3 +
and OCH + ions observed at 536 eV and 540 eV can

be explained by excitations of the methoxy O Is
electron to unoccupied a * (O-CH3) and a * (COCH3) orbitals that favor the breaking of the
methoxy group O-CH3 bonding and the carbonylmethoxy C-OCH3 bonding, respectively.
Using monochromatic synchrotron radiation, we
can selectively promote the core electron excitation
of specific atoms in molecule. These site selective excitations can be used to control the fragmentation of
molecules.

N

References
1) M.C.K. Tinone, K. Tanaka, J. Maruyama, N.
Ueno, M. Imamura and N. Matsubayashi, J.
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H. STRUCTURES AND FUNCTIONS OF
PROTEINS

Fig. 1 Schematic drawing of ARP.
Fukuyama of Osaka University)

K.

distal side of the heme of ARP is markedly different
from that of LiP. This may effect in the differences
in substrate specificity between ARP and LiP.

A number of crystal structures of biological macromolecules have been determined on the basis of
diffraction data obtained with Weissenberg cameras
for macromolecular crystal1-1 at the Photon Factory.
Most of them have been reported in authoritative
journals. They are widely diverse in function, such as
oxidoreductases, transferases, hydroxylases, lyases,
DNA-binding proteins, cytokines, storage proteins,
toxins, inhibitors and viruses. We will review some
of them in the present article.

1.

(From

2.

HYDOXYLASE

The crystal structure of hydroxylase protein of
methane monooxigenase (MMO) system from
Methylococcus capsulatus determined at 2.2 A
resolution by Rosenzweig et al.3^ provided a novel
protein structure and revealed the geometry of the
catalitic di-iron core as in Fig.2. The two iron atoms
are bridged by exogenous hydroxide and acetate
ligands and further coordinated by four glutamate residues, two histidine residues and water molecules.
This structure is different from the well-known dinuclear iron center of [2Fe-2S]. The di-nuclear iron
center of MMO hydroxylase lies in a hydrophobic active-site cavity for binding methane.

FUNGAL PEROXIDASE

The crystal structure of fungal peroxidase (H2O2
Oxidoreductase) from Arthromyces ramosus (ARP)
has been determined at 1.9 A resolution by Kunishima et al.2\ Tertiary structure of the enzyme is schematically shown by a ribbon drawing in Fig.l. The
overall tertiary structure of ARP is similar to that of
yeast cytochrome c peroxidase (CCP) and that of lignin peroxidase (LiP). Relative to CCP, ARP and LiP
each have an extension of approximately 40 residues
at the carboxy terminus. The orientation of the imidazole ring of the distal histidine at 56 relative to
the heme group in ARP differs significantly from
that of in LiP. The structure of access channel to the

3.

L-LACTATE DEHYDROGENASE

Two conformational states of /-lactate dehydrogenase within the same crystal provided an explanation for the molecular mechanism of enzyme
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Fig. 2

Fig. 3

Ribbon representation of BLLDH subunits.
The structures at the left and the light represent T-state and the R-state subunits, respectively. (Reprinted from Iwata et al4). Copyright
permission of the Nature.)

Fig. 4

Ribbon drawing of IFN- ft . This structure is
the novel a -helix bundle consisting of five a helices, and represents the polypeptide fold
of all the IFN- a and IFN- ft . (From T. Senda
of Nagaoka University of Technology)

Ball and stick representation of the new dinuclear iron center found in MMO hydroxylase. (Reprinted from Rosenweig et al.3).
Copyright permission of the Nature.)

reaction. The crystal structure of /-lactate dehydrogenase from Bifidobacterium longum (BLLDH)
was determined at 2.5A resolution by Iwata et al.4\
The crystal belongs to the orthorhombic space group
F222. It contains a regular 1:1 complex of T-state
with no substrate affinity and R-state with high substrate affinity. The R-state tetramer which binds
NADH, oxamate and FBP, is centered at (1/4,1/4,1/
4). The T-state tetramer, which binds NADH and
fructose 1,6-biphosphate (FBP), centered at the origin. Tertiary structures of subunits for T- and Rstates were shown by ribbon drawings in Fig.3. They
successfully observed T-R transition in crystalline
state and proposed the molecular mechanism of
allosteric activation of the enzyme.

4.

INTERFERON- 0 (IFN- p)

Interferon- ft has a novel « -helix bundle representing the basic structure of all the Interferon- a
(IFN- a ) and Interferon- ft (IFN- ft ). IFN- ft is a
typical cytokine and has antiviral, antitumor and immunomodulator activities. The crystal structure of recombinant IFN- ft was determined at 2.15A
resolution by Senda et al.5>6). The structure of IFNft shown in Fig.4 exhibits the new a -helix bundle
representing a basic structural framework of all the
IFN- a and IFN- ft . Functionally important residues
which bind to the receptor are spatially clustered.

5.

LYASE AND HYDROLASES

Three a I ft barrel structures were solved by Australian groups. The three-dimensional structure of
N-acetylneuraminate lyase from Escherichia coli has
been determined at 2.2A resolution by Izard et al.7).
The enzyme is a tetramer, in which each subunit
consists of the a I ft -barrel domain followed by a carboxy-terminal extension of three a -helices. Lysl65
lies within a pocket at the carboxy-terminal end of
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eight-stranded /? -barrel and may forms a Schiff base
intermediate with a N-acetylneuraminic acid molecule.
Three-dimensional structures of two plant /? glucan endohydrolases with distinct substrate specificities have.been determined by Varghese et al.s\
One of them, (l-»3)-/? -glucanase, can hydrolyzes (1
-*3)- and (l-*3, l-*6)-/? glucan of fungal cell wall
and may therefor contribute to plant defense
strategies, while the other, (l-*3, l-*3)-/?-glucanase,
functions in plant cell wall hydrolysis during mobilization of the endosperm in germinating grain or
during the growth of vegetative tissues. Both enzymes are a I /?-barrel structures and their backbones
are structurally very similar. The catalitic amino acid
residues are located within deep grooves which bind
substrates. Amino acid substitutions within the
groove may result in wide divergence of function.

6.

amino terminus. The first domain corresponds to a
jelly-role /?-barrel as is often found in virus coat proteins. The second domain has a fold similar to immunoglobulin constant domains. The third domain
forms a a I /? -barrel and contains the catalitic site.
The fourth domain is identical to the second domain
in folding topology. The fifth domain has a novel 18stranded, antiparallel sandwich.

7.

/?-GALACTOSIDASE

/? -galactosidase, the most commonly used in
molecular biology, folds into five sequential domains,
with an extended segment at the amino terminus.
There-dimensional structure of /? -galactosidase from
E. coli determined at 3.5A resolution by Jacobson et
al.9) is a tetramer with 222-point symmetry. This enzyme hydrolyzes /? (1-4) linkages of /? -galactosides.
The teramer structure of this enzyme is shown in
Fig. 5. The /?-galactosidase monomer folds into five
sequential domains, with an extended segment at the

Fig. 5

PERTUSSIS TOXIN-SUGAR COMPLEX

Pertussis toxin-sugar complex provides a model
for receptor binding. The crystal structures of pertussis toxin (PT) and PT-oligosaccharide complex have
been determined both at 3.5A resolution by Stein et
a/.10) and by stein et al.n\ respectively. PT is a virulence factor of Bortussis pertussis, the etiological
agent of whooping cough. The catalitically active (A)
domain of the toxin comprises subunit SI, and the
binding (B) domain, which recognize receptors on
the surface of eukaryotic cell, comprises five subunits, S2, S3, two copies of S4 and S5. The structure of
PT-sugar complex is shown by the ribbon representation in Fig.6. The enzymatic A-subunit (SI) at the
top of the molecule is pyramid-shaped, and the cellrecognizing B domain forms a disk-like base with
approximate five-fold symmetry. The carboxyterminal~100 residues of S2 and S3, both copies of
S4, and S5 have similar folds, consist of six antiparallel /? -strands forming a closed /? -barrel, capped by
an a -helix between the fourth and fifth strands. Car-

Fig. 6 Schematic drawing of the PT-sugar complex.
Polypeptide chains and sugars are shown by
ribbons and sugars by balls, respectively.
(Reprinted from Stein et a/.11). Copyright permission of the Nature.)

Ribbon drawing of /? -galactosidase tetramer
with 222 symmetry. (From Jacobson ef a/.9))
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bohydrate was bound at equivalent sites on S2 and
S3. The PT-sugar complex has provided a model for
the interaction of the toxin with a cell surface receptor. Identification of amino acid residues involved in
the receptor binding will provide the design of genetically inactivated toxins for use in new acellular
whooping cough vaccines.

8.

A VIRAL PROTEASE

A viral protease has a fold similar to chymotrypsin. The crystal structure of picornaviral 3C cysteine
protease has been determined at 2.3A resolution by
Allaire et al.12\ Picornaviral proteins are expressed
by direct translation of genomic RNA to a single,
large protein precursor. The viral polyproteins is processed into the mature proteins by the 3C enzyme,
The overall structure stereoscopically shown in Fig.7
suggests that an inter-molecular cleavage releases the
3C enzyme and that there is an active proteinase in
the polyprotein.

9.

STRUCTURE ANALYSES OF CRYSTALS
WITH VERY LARGE ASYMMETRIC UNIT

Three of the protein crystals described in this review have very large asymmetric units. MMO hydroxylase crystal belonging to P212121 with unit cell
dimensions a = 62.6A, b = 110.lA, c=333.5A, has an
a 2 8 2 7 2 dimer structure with Mw of 25IK in an

asymmetric unit, therefore Vm is 2.3. The crystal
structure analysis of MMO hydroxylase was initiated
by the multiple isomorphous replacement (MIR)
method, and MIR phases were improved and extended by solvent flattening and non-crystallographic
two-fold averaging.
The crystal of E. coli j3 -galactosidase with four
tetramer (each of Mw465K) per asymmetric unit belongs to P2j with cell dimensions a — 107.9A, b —
207.5A, c = 509.5A and j3 = 94.7, and with Vm =
3.1. Initial MIR phases, which were of poor quality,
were refined and extended by iterative cycles of noncrystallographic 16-fold averaging11^.
PT with a total MW of 105K was crystallized in
space group P2J2I2J with unit cell dimensions a =
163.8A, 6 = 98.2A, and c = 194.5A. The asymmetric
unit contains two molecules related by noncrystallographic two-fold axis. Vm of the crystal is as
high as 3.7. The crystal structure was solved by MIR
method, followed by phase improvement using solvent flattening and two-fold averaging. Final phases
were obtained at 2.9A resolution.
The crystal structure of tobacco necrosis virus
(TNV) consisting of 180 copies of protein subunits
and an RNA has been determined at 5A resolution
by Bando et al.l3\ Initial phases were determined at
8A resolution by molecular replacement with an icosahedral asymmetric unit of southern bean mosaic
virus with T = 3 symmetry, and they were improved
and extended by non-crystallographic five-fold averaging. Secondary structures were clearly assigned in
the 5A resolution map. Amino acid residues which
form specific hydrogen bonds with nucleic acid bases
tend to lie inside the virus to recognize the RNA.
Intensity data accurately collected with synchrotron radiation effected in success in initial phasing by
MIR method and in phase improvement and extension by non-crystallographic symmetry averaging.
(T. Tsukihara, Tokushima Univ.)
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radiotherapy of cancer using heavy particles, or protection from environmental radiation of low dose
rates.
Most of the energy of the radiation is transferred to the molecules via secondary electrons, and
each energy deposition events are discrete. Amount
of energy deposited with each event has a very wide
distribution, having an average of 30 or 40 eV. One
may realize that the essence of radiobiological action
lies in the discrete energy deposition event and spatial distribution of these events. To quantitatively
represent this energy deposition density, the "linear
energy transfer" (LET) is defined as the amount of
energy deposited per unit length of a track of
charged particles, such as secondary electrons. Heavy
particles exhibit high LET, while Compton electrons
generated by high-energy photons show a low LET.
The irradiation of very low-dose radiation over the
course of many years from environmental radionuclides is an extreme case from the viewpoint of energy
deposition. In both cases, the distribution of energy
deposition affects the biological consequences. In
order to predict these effects logically, we need to
completelv understand what the consequences from
each energy deposition events are, and how the difference in the distribution of the events affects the
final results.
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1.2 Usefulness of synchrotron radiation in
radiobiology research, especially in the study
of the initial processes

RADIOBIOLOGY USING
SYNCHROTRON RADIATION

1.

In order to answer the above questions experimentally, we need to be able to deposit any
amount of energy that we desire into biological samples. One way would be to irradiate low-energy
monochromatic photons. Since vacuum ultraviolet
photons of about 40 nm wavelength would give an
energy quantum of about 30eV around an absorption
site, we could study the processes and their efficiencies in producing molecular changes induced with
this energy. We can control the amount of energy
deposited to molecules. In more energetic regions,
monochromatic soft X-rays are absorbed photoelectrically, mainly by K-shell electrons of the oxygen in
water molecules contained in living cells, and produce a shower of almost monoenergetic electrons in
the cells. By changing the photon energy, we can
change the energy of electrons, since the energy of

INTRODUCTION

1.1 Radiobiological processes

Radiobiological effects are induced with energy
deposited by radiation. The total amount of energy
required to show lethality on humans is as low as
that which can raise the body temperature by only
one thousandth in degrees centigrade. A variety of
processes are included in exhibiting radiobiological
effects, some of which are familiar to physicists,
some to chemists and others to biologists. In this
sense, radiobiology can be said to be interdisciplinary. Today, radiobiology is attracting much attention, not only due to basic scientific interest, but also
due to the practical points of view, such as the
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the photoclectrons is equal to the energy of the
photon minus the binding energy of the K-shell electrons of oxygen. Electrons exhibit different LET depending upon their energy. This means that we can
study the LET dependence of biological efficiency, in
other words, dependence on the spatial distribution
of the energy deposition event. From this point of
view, we require a tunable light source which is sufficiently strong even after monochromatized. Synchrotron radiation is the only strong light source having a continuous spectrum from infrared to X-rays.

damage production around the photoabsorption site.

2. SOME OF THE RESULTS OBTAINED
RECENTLY
2.1 Amount of energy to produce double strand
breaks in DNA

DNA is a long molecule composed of two complimentary chain of polynucleotide and the most important molecule in the cell since the genetic information of the living cell is coded on a moiety
(base) in the constituting unit(nucleotide). Molecular
changes or damages in the DNA are known to cause
cell death or induction of genetic changes. When
irradiated with ionizing radiation, cell death is considered to be caused by the strand breaks of DNA.
There are two types of strand breaks, namely, single
strand break(SSB) and double strand break(DSB).
SSB is scarcely lethal, since almost all of them are
repaired by the enzymatic reaction in the cell (repair
activity). Amount of energy required to produce
DSB is the most fundamental parameter in the
radiobiological processes, since it might give some
clues to the mechanism of DSB production, and presumably of the cell death.

1.3 Inner-shell photoabsorption and the Auger effect

When an inner-shell electron absorbs an X-ray
photon and is ionized or excited (inner-shell ionization/excitation), an electron in the next inner shell
falls into the lower inner shell to fill the hole. The
energy released from this transition causes the ejection of another electron(Auger electron) in the next
inner shell, leaving two holes in the shell (Auger
process). Other Auger processes can occur successively to fill the two holes until the outermost shell is
reached, and finally several electrons are emitted
from the atom and the atom itself becomes multiply
ionized. This Auger cascade is considered to produce
highly localized energy deposition events around the
photoabsorption site, and also considered as an extreme case of high LET radiation. Production of serious molecular changes around the Auger site is
now expected as a powerful tool for radiation therapy of cancer. The biological effects of an Auger cascade have been studied with radionuclides which
decay through the electron-capture process.
Monochromatized synchrotron radiation enabled us
to study the effect of inner-shell photoabsorption,
followed by the Auger process, at any atom we desire, which includes phosphorus in deoxyribonucleic
acid (DNA) and halogen atoms artificially incorporated into DNA. Furthermore, it is known that the
photoelectric absorption cross section strongly depends upon both the energy and the absorbing element. The most drastic changes can be observed
across the absorption edge of the K-shell of elements. A difference of several eV in the photon
energy causes about a one-order difference in the
absorption cross section. This means that we can
select the photon-absorbing element by choosing the
irradiation photon energy, which may lead to the

Using a plasmid DNA as a specimen, a group
lead by Prof. Hieda(Rikkyo Univ) has been investigating the energy dependence of the production
yields of SSB and of DSB1). They irradiated the plasmid samples in dry state in the energy region between 60 and 550 eV at BL-12C. Plasmid having SSB
and DSB can easily be analyzed quantitatively by gel
electrophoresis technique. Results are shown in Fig.
1, along with the accumulated data obtained at BL27A2) and elsewhere3). Absorption spectrum of DNA
estimated with spectroscopic data is also shown for
comparison. Action spectra for the production of
SSB and DSB look very similar to the absorption
spectrum of DNA in the energy region below 60 eV,
although the cross sections for DSB are less than
one-hundredth of those for SSB. This may suggest
that the production mechanisms for DSB and SSB do
not change in the energy region below 60 eV. It was
surprising that DSB can be produced with the energy
as low as 8 eV. Also seen in Fig. 1 is that the cross
sections of DSB and SSB increased with the photon
energy while the absorption cross section decreases
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with the energy in the region above 60 eV. Values
for SSB greater than the absorption means that one
photoabsorption event produces more than one SSB,
possibly by the energetic secondary electrons. Ratio
of the cross section of DSB against SSB is plotted as
a function of the photon energy in Fig. 2. The ratio
was almost constant below 60 eV and above 500 eV.
Between two energy regions, the ratio increased with
the photon energy. This could be explained either by
the increase of the yield for DSB or by the decrease
for SSB. Taking into consideration that the yield for
10'

SSB per absorbed energy seems to be constant, the
former would be considered more likely. More efficient reaction channel for DSB seems to open above
several hundred eV, which might cause the production of biologically significant amount of DSB. In
summery, it was revealed that i) 8 eV is enough to
produce DSB and ii) DSB can be produced more
efficiently with the energy above 200-300 eV, which
may correlate with the energy required for cell
death. Obtained data, however, are still in the preliminary stage and further studies are necessary
which include the experiments in wet or aqueous
conditions.

15 .

2.2 Photon energy dependence of radical yield in
water

10

The mechanism of biological enhancement with
densely ionizing radiation such as Auger-emitting isotopes and heavy-particle radiation, as well as low
energy X-rays, has been one of the hot topics in
radiobiology. Among the various processes to be investigated in radiobiology, chemical reactions involving water radicals are basically important in aqueous
systems, since they may determine the yields of various molecular changes which may lead to biological
effects. From this point of view, the oxidation yield
of ferrous ion in aqueous solution was investigated
after irradiation with monochromatic synchrotron
soft X-rays. This oxidative reaction is well known as
a Fricke dosimeter, the yield of which can be expressed as a linear combination of the yields of water
radicals produced by the radiation energy. Many studies have determined the oxidation yield of the ferrous ion with various X-ray energies above 7 keV.
Below 7 keV only one experimental datum has been
reported at 1.5 keV4), suggesting that the yield decreases along with a lower photon energy. Theoretical simulations of the photon energy dependence of
the oxidation yield have also shown that the yield decreases along with a lower energy photon or electron
energy with a minimum at around 1 keV. This is
considered to be due to an increase in the recombination probability of water radicals in a densely ionized area. A few years ago, data at X-ray energies
of 13.6 and 8.86 keV were reported using synchrotron radiation at the Photon Factory5). Recently more
data were taken at eleven energy points from 10 keV
down to 1.8 keV utilizing the advantage of the corn-
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Fig. 1 Production cross sections for SSB and DSB.
Solid curve represents the estimated absorption cross section of the DNA molecule.
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plete tunability of synchrotron radiation.
The standard ferrous sulfate solution (Fricke
solution) containing 0.4 M sulfuric acid, 1.0 mM ferrous sulfate and 1.0 mM sodium chloride was prepared with distilled, doubledeionized and ultrafiltrated water ( — 18 MW/cm resistance). The ferrous
sulfate solution was prepared one day prior to use in
order to assure oxygen saturation and to avoid any
high background due to auto-oxidation. The white
synchrotron X-rays were monochromatized with
either one of two types of double -crystal monochromators, depending upon the X-ray energy used.
Monochromatic X-rays having energies lower than 5
keV as well as those higher than 6 keV were
obtained by using the monochromators of InSb (BL27A) and Si (BL27B), respectively. Monochromatized X-rays were led out into atmosphere through
polyimido film windows for irradiating sample solutions. Photon energies used are 1.800, 1.907, 2.153
(the K-absorption edge of phosphorus), 2.466 (below
the Kabsorption edge of sulfur), 2.472 (the Kabsorption edge of sulfur), 2.480 (above the Kabsorption edge of sulfur), 3.100 and 4.038 (the Kabsorption edge of calcium) keV at BL-27A, and
7.093(below the K-absorption edge of iron), 7.129
(above the K-absorption edge of iron), and 10.00
keV at BL-27B. One hundred ml of a ferrous sulfate
solution was put in a sample chamber, which is made
of acrylic resin and has a mylar-film window of 5 mm
thickness, through which samples were exposed to
soft X-rays. The X-ray beam size was adjusted to be
smaller than the window size of the sample chamber.
The solutions were stirred with a glass-coated iron
piece during irradiation. A pair of samples in these
chambers was always prepared in each irradiation experiment: one was exposed to X-rays; the other was
only stirred and used as an unirradiated control.
Since the ferric ion has a characteristic absorption
peak at 304 nm, the optical densities of irradiated
and unirradiated solutions were immediately measured using a spectrophotometer at 304 nm with micro-quartz cells.
The exposure rate of X-rays was measured by a
specially made free-air ionization chamber at the
both stations. The actual X-ray exposures to the
samples were obtained with the integrated output of
the monitors, which were calibrated with this free-air
ionization chamber. In the examined X-ray region,
especially lower than 4 keV, the attenuation of the
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X-rays in air must be considered based on the practical reasons mentioned below. In the case of 1.8
keV X-rays, the intensity was reduced to 1/e of its
incident value in only 10 mm of air. Therefore, the
exposure rate measured by the ionizing chamber was
corrected using the linear absorption coefficient of
air in order to estimate the exposure rate at the sample position. Attention was also paid to the thirdorder harmonics contained in the monochromatized
X-rays using such crystals as Si (111) or InSb (111).
Especially, the contamination of higher order X-rays
in X-rays below 2 keV must be carefully excluded in
order to accurately estimate the exposure. Careful
measurements of third-order harmonics showed that
the third-harmonics components were negligible at
the sample surface at these three energies, although
the component was more than half at the center of
the ionization chamber in the case of 1.8 keV Xrays. Absorbed dose in the sample was calculated
with the mass-energy absorption coefficient of air,
(^en/r)air, and the average energy (33.73 J/C) required to produce an ion pair in air. In the case of
X-rays higher than 7 keV, a sample thickness of 2
mm is not sufficient to completely absorb the incident photons. In these cases, the transmittance of
the 2 mm thick solution was measured for each Xray energy
Good linear relationships were obtained in the
dose response curves for all of the examined X-rays.
The yields of the produced ferric ion were determined from the slope of these response curves. The
uncertainties were evaluated based on the errors in
each measurement. Figure 3 shows plots of the
obtained yields as a function of the incident X-ray
energy. The yield decreased along with a decrease in
the X-ray energy. The values reported in other studies are also plotted in Fig. 3 for a comparison,
which include the values recommended by the ICRU
(1970)6),
those
theoretically
calculated
for
electrons7), those by theoretically calculated using a
spur-diffusion model for photons8^, the value experimentally determined at 1.5 keV using Al Ka Xrays4), and those experimentally determined at 8.86
keV and 13.55 keV using monochromatic synchrotron X-rays5-1. It is shown that energy dependence of
the yield is similar to that by Yamaguchi8^ rather
than by Magee and Chatterjee7), although the
obtained values are almost the same as the latter at
about 2.5 keV. In the energy region tested lie the

Present study
Hoshi et al. (1992)
Freyer et al. (1989)
- Yamaguchi (1989)
• - Magee and Chatergee (1987)
- I C R U report, recommended values (1970)

radiation chemical reactions, and might link knowledge concerning the high LET of photoelectrons and
the higher lethality of soft X -rays reported by other
groups. Since the oxidation of ferrous ion occurs in
reactions with diffusive water radicals, the higher
biological effectiveness of high-LET radiation could
not be explained based on the action of these radicals. Reactions between the highly reactive species,
such as radicals, in an energy-deposited region are
considered to cause a decrease in the diffusive radical yields, which can contribute to the oxidation of
the ferrous ion. It might be necessary to consider the
reactions which occur before the radicals diffuse out
from the excited, spur- or blob-like regions, or the
core regions of the heavy ions, in order to explain
the higher biological effectiveness. One way to look
into these excited regions on the nanometer scale
might be to use concentrated solutions as samples
where the solute molecule could participate in the
reactions occurring in the concerned region. Watanabe et al.9* reported that there exists a concentration dependence in the degradation yield of ATP in
concentrated aqueous solutions. This might reflect
the reaction specific to the region to which the radiation energy is densely deposited. Very few studies
have been reported so far on radiation chemistry using concentrated solutions, especially with high-LET
radiation. It might be necessary to work on radiation
chemistry with concentrated aqueous solutions as a
model of intracellular conditions in order to elucidate
the mechanisms of high-LET radiation.

o
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Fig. 3 Yield of the ferric ion as a function of the incident X-ray energy. The values reported on
other studies 6 ' 78 ' are also plotted for a comparison.

absorption edges of the iron K-shell and the sulfur
K-shell. Effect of the absorption edge of these elements were not detected. This is considered to be
due to the small atomic fraction of these elements in
the sample solutions. The accuracy of the obtained
oxidation yield was estimated from the errors of each
measurement in the experimental procedure. Taking
all of the uncertainties into consideration, the total
errors of the obtained values were between 11.1%
for 1.8 keV and 5.3% for 2.47 keV.
Low-energy photons were reported to exhibit a
higher lethality similar to high-LET radiation by using characteristic X-rays such as those of carbon and
of aluminum. Low-energy photons were absorbed exclusively via photoelectric effects and produced lowenergy photoelectrons. Low-energy electrons are
known to have high LET. The higher lethality of soft
X-rays has been regarded as being due to the action
of high-LET, low-energy photoelectrons. Present
data that the oxidation yield of the ferrous ion decreases along with the energy of X-ray photons is in
good agreement with those reported using heavy
ions. This is the first systematic data experimentally
obtained that soft X-rays have a high-LET nature in
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BL-4A. (1) The monochromatic X-ray microbeam
system using Kirkpatrick-Baez opticsx) has been open
to researchers and used for X-ray fluorescence trace
element analysis of biological and geological samples,
micro-XAFS, surface analysis and X-ray microdiffraction studies of liquid crystals. The beam size is
typically about 5 X 5 p m2 and can be reduced down
to about 2.5 X 2.5 p m2. (2) The continuum X-ray
microbeam using a simple slit system has been used
for X-ray fluorescence analysis over a small region.
(3) An ellipsoidal mirror system combined with a
pinhole is also effective to focus monochromatic Xrays to the beam size ranging from a few hundred p
m to a few p m2). Trace element analysis and chemical state analysis were performed with this system
for the characterization of synthetic diamond
crystals3^.
On BL-4B, K.Ohsumi and his group have developed techniques for the crystal structure determination of the microcrystal and over a micro-region
of inhomogeneous samples using the Laue method in
combination with continuum X-rays4). In micro-area
X-ray diffraction, a few p m beam size was obtained
by a micro-pinhole.
S.Aoki et al. have evaluated a paraboloidal mirror using partially coherent X-rays on BL-6C. Their
system used highly collimated and highly
monochromatized beams and attained a several p m
beam size.
On BL-8C, both elliptical mirrors and cylindrically bent multilayers were developed as focusing
elements of Kirkpatrick-Baez optics for the sub- p m
spatial resolution X-ray microscope. The dark-field
imaging, i.e. the detection of diffracted, scattered
and fluorescent X-rays from the sample, has been
performed to improve the sensitivity5). Another
Kirkpatrick-Baez focusing system was used for the
X-ray
diffraction
studies
of
polycrystalline
6
materials \ The evaluation of a sputtered-sliced Fresnel zone plate has been performed on BL-8C7) and
the beam size of less than 1 p. m was obtained.
X-ray scattering topography has been developed
by Y.Chikaura et al.8) and attained a spatial resolution of a few ^m at BL-15B.
On BL-16X, a sub- p m monochromatic X-ray
microprobe using newly designed Kirkpatrick-Baez
optics has been developed for the spectroscopic and
diffraction studies over a small region. Owing to the
high brilliance of the multipole wiggler source, the
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801.
9) R. Watanabe, M. Ishikawa, K. Kobayashi, and
K. Takakura, Biophysical Aspects of Auger Processes, AAPM Symposium Series No.8 (1992)
24.

J. X-RAY MICROBEAMS AND X-RAY
MICROSCOPY
This section covers topics on hard X-ray microbeams for X-ray diffraction / scattering and X-ray
fluorescence experiments, soft X-ray microscopy for
the imaging of biological samples and photoelectron
microscopy for the material characterization. The imaging and micro-analysis are key words of these research fields and have made remarkable advances
during the past decade due to developments of both
high brilliance synchrotron radiation sources and Xray optical elements.

1.

HARD X-RAY MICROBEAMS

1.1 Brief summary
Owing to a growing need for the material characterization over a small region in both basic researches and applications and the realization of practically-useful X-ray microbeam systems at SR facilities,
synchrotron hard X-ray microprobes have been applied to X-ray diffraction/scattering studies and X-ray
spectroscopy. To apply the X-ray microbeam system
to the characterization of practical samples, not only
the beam size but also other characterisitics, such as
a photon flux, an energy range, an energy resolution,
an angular divergence and a polarization, are crucial.
At the PF, X-ray microbeam systems having a few p
m beam size are now open to scientists. Furthermore, a few groups have succeeded in developing
microbeam systems having the sub- p. m beam size.
The following is a brief summary of activities on the
hard X-ray microbeam.
Three types of X-ray microbeams are in use on

S-38

useful photon flux for the diffraction and spectroscopic studies was obtained even with the small beam
size.
1.2 Characterization of liquid crystals by X-ray
ju -diffraction

Recently, a great deal of study has been made
for cells consisting of thin layer of ferroelectric smectic-C liquid crystal (FLC) between solid plates. When
the cell is thin enough, typically a few ^ m, it shows
high-speed, bistable electro-optical switching between
orientational states stabilized by surface interaction.
This surface stabilized ferroelectric liquid crystal
(SSFLC) cell attracted much attention because of the
growing need for the display device application and
the interest in studies on the interaction between the
molecule or the layer and the external electric field.
The layer structure in the SSFLC cell is characterized
by the "chevron" structure. The SSFLC samples,
when viewed with a polarized-optical microscope, exhibit a so-called zigzag defect in addition to the domain structure as shown in Fig.l(a). The zigzag defect is a local layer structure (LLS) defect and corresponds to walls between the two possible chevron
directions. The zigzag defect consists of broad and
narrow walls which run perpendicular and nearly parallel to the rubbing direction, respectively. The
widths of walls depend on the cell thickness and are
about 38 pi m and 6 fi m for the broad and narrow
walls in 6 ju m thick cell, respectively. The proposed
LLS at the broad wall is schematically shown in
Fig.l(b). But no one has confirmed the LLS at the
boundary directly.
The small angle X-ray micro-diffraction experiments using monochromatic X-ray microbeam system
on BL-4A revealed the LLS over a small region for
the first time. The experimental arrangement is
shown in Fig.2. The advantages of this microbeam
system for the characterization of SSFLC cells are
both the small angular divergence (less than 0.7
mrad) and the small beam size (less than 5 /u m).
Special attention was paid to the alignment of the
center of 8 rotation to the X-ray focusing point. An
optical microscope with a pair of polarizers was useful for both the alignment of the system and the in
situ observation of the sample cell. The sample cell
was mounted on the X-Z translation stages for the
positioning.
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(b)
^glass
^electrode
-alignment film
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broad wall

Cell Wall

Ln
Boundary Region
Fig. 1 (a) A polarized optical micrograph of a surface stabilized ferroelectric liquid crystal cell,
(b) The chevron layer structure of the SSFLC
cell and the proposed local layer structure at
the broad wall.

The sample used was CS-1014 (Chisso). The
sample cell was prepared by sandwiching the FLC
material between two glass plates of 80 /j. m thick
with thin ITO electrodes on which the polyvinylalchol layer was coated and unidirectionally rubbed.
The smectic layer normal was parallel to the rubbing
direction. The thicknesseses of sample cells ranged
from 1.5 fi m to 10 ^ m. Since the layer normal was
set horizontally, the 6 -scan (rocking curve) revealed
the inclination of the layer normal to the bounding
plate and the i -scan (obtained by a position sensitive proportional counter without the scan) corresponded to the layer bending along the layer. With

SR

Multilayer Monochromator

Focusing Mirror

Sample

Fig. 2 The schematic representation of a hard X-ray microbeam system at BL-4A.

the fine positioning of the sample, the LLS over a
small region can be determined directly and precisely.
The LLSs of the broad and narrow walls were
characterized by X-ray p. diffraction. At the broad
wall, the LLS changed from the chevron to the
bookshelf similar to the proposed structure as shown
in the Fig.l(b). The detailed analysis, however, revealed fine structures which were related with the
LLS deformation at the wall9). The LLS response of
SSFLC to the electric field was also measured. Fig.3
shows the dependence of rocking curves on the applied voltage obtained at the broad wall center. With
an increasing applied voltage, the peak corresponding to the bookshelf structure (around d = 0°) became stronger in the intensity and narrower in the
FWHM. Since integrated intensities of diffracted X rays and the width of the broad wall itself remained
constant, it was suggested that the rearrangement of
the LLS was induced due to the applied voltage.
More detailed description is given in the users' report section. In preliminary experiments for the characterization of the narrow wall, the LLS exhibited
the bent bookshelf structure. It was also found that
there were a few types of LLSs depending on the
shape of the narrow wall. Further investigation on
the narrow wall is now in progress.

Theta(deg)

Fig. 3 A series of rocking curves obtained at the
broad wall as a function of applied voltages.

1.3 X-ray fluorescence analysis using X-ray
microbeam

Trace element analysis over a small region and
the imaging of the trace element distribution in inhomogeneous samples are interesting applications of
the X-ray microprobe.
Hair analysis for trace element concentrations
has attracted much interest among researchers in

These direct measurements of the SSFLC cells
reveal the LLS in the thin cell, which has been
speculated only by the indirect method.
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Hg and other elements suggested the interaction between Hg and the metalloenzyme system. To further
investigate the correlation among elements,
elemental analysis with a high spatial resolution and
a high sensitivity is necessary.
Hg is a nephrotoxic metal and thought to cause
more serious damage to the proximal convoluted
tubules than to the distal tubule. To clarify the relation between the trace element such as Zn and the
morphological change in kidney of a rat after exposure to Hg, SR-XRF elemental imaging technique
was used. Since SR-XRF imaging analysis is nondestructive, histochemical staining by the method of
periodic acid Schiff reaction (PAS) was performed
after the XRF measurement. Using X-ray microbeam
analysis, the relationship between toxic metal distribution and the renal tubular cell damage was successfully revealed. The experimental details are described in the users' report section.

topics such as toxicology, nutrition, forensic science
and environmental technology due to the possibility
that trace element levels in hair reflect those in the
other parts of the body. Most human hair analysis
were carried out for bulk hair. One of the problems
on hair analysis is the origin of trace elements: endogenous (incorporated from the body) or exogenous
(attached from the environment). The twodimensional elemental imaging of the cross section of
human hair is valuable to elucidate these problems.
The X-ray microbeam technique is most suitable for
this purpose because of its high sensitivity and its
non-destructive nature. Preliminary experiments
were done for human hair to demonstrate the capability of the X-ray microprobe1^. Recently, systematic
analysis of human hair is in progress to investigate
the environmental effect to the human body10).
Hairs of metal smelter workers were analyzed.
For Pb smelter workers, the amount of Pb was high
near the surface of the hair compared to the inside.
Results are in good agreement with the exogenous
model, i.e. the high Pb concentration could be
caused by fumes of Pb. To further investigate the endogenous and exogenous nature of elements, Hg distributions in hair of rats were measured. Methyl mercury chloride was given to rats every day for 5 consecutive days. The correspondence between the Hg
levels in the blood and in hair was confirmed by
flameless atomic absorption spectrometry, suggesting
that the Hg concentration in hair is closely related
with that in blood. Cross sections of the rat hair (25
H m thick) were measured by the SR X-ray microbeam. XRF imaging revealed the selective accumulation of Hg in the cortex (inner part of the hair);
therefore the endogenous origin was confirmed. On
the contrary, the exogenous exposure of human hair
to a Pb environment resulted in the Pb accumulation
in the cuticle (surface of the hair). Thus, SR X-ray
microbeam analysis is effective to distinguish between the endogenous and exogenous origins of trace
elements in hair.
The excess or depletion of trace elements sometimes correlates with several kind of diseases. Intoxication is caused by the ingestion of toxic elements
followed by the accumulation at various biological
organs and tissues. The study on the interaction of
toxic metals and essential elements is important to
understand the impact of toxic metals, on the biomedical system. For example, the correlation between

2.

SOFT X-RAY MICROSCOPY

2.1 A scanning soft X-ray photoelecJron microscope
using circularly polarized radiation
Magnetic circular dichroism (MCD) measurements in an X-ray region are actively performed at
SR facilities to study magnetism of magnetic thin
films and bulks including alloys. The current MCD
measurements give spectroscopic information mostly
as an averaged value over the whole irradiated area
of a sample. If a microscopic technique is introduced, magnetic domains with different magnetization direction can be imaged by the contrast arising
from the MCD.
A scanning photoelectron microscope using an
X-ray focusing optical system with a zone plate has
been developed on the beamline AR-NE1B by
Y.Kagoshima et al u ) . It aims at the imaging of
magnetic domains as well as the position and element specific spectromicroscopy of magnetic materials using circular polarization with a spatial resolution approaching several tens nm in the near future.
Figure 4 shows an optical arrangement of a scanning X-ray microscope. The circularly polarized
radiation was produced under a helical undulator operation mode of the insertion device, EMPW#NE1.
The undulator radiation was monochromatized by
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Pre-pinhole
(50 or 100um(|))

Zone plate with center stop
Order selecting aperture
(ri=5.0am, D=160um, Dcs=33am)
( D=25um)
Micro-channel
plate

Monochromatized
undulator radiation

Channel
electron
multiplier
1040mm
Fig. 4 A top view of an optical arrangement of a scanning X-ray microscope using circularly polarized
radiation at the NE1B.

the NE1B -SGM and then post-focused. There was a
pre-pinhole (PPH) at the post-focused point to collimate the X-ray beam. Regarding PPH as a secondary source, the X-ray beam was focused onto a
sample by a reduction optical system using a zone
plate. The spatial resolution was simply determined
by a size of PPH and the reduction ratio of the optical system. The focused beam was incident at an
angle of 30° from the surface of the sample to obtain
the MCD contrast because the magnetization direction of the sample was in plane. Photoelectron yield
was counted using a channel electron multiplier. All
elements except for the scanning unit were mounted
inside a vacuum chamber.
A resolution test has been made using a copper
#2000 mesh as a sample. The PPH was 50 ju m <j>. A
criterion of 90%-10% intensity in an edge scan profile gives the resolution of ~ 1.2 mm, which is in
good agreement with the ideal value of ~ 0.9 fim.
A piece of video tape was used as a magnetic
sample. Its evaporated magnetic layer composing of
cobalt and nickel (Co:Ni = 80:20) was overcoated by
a 20-nm thick CoO layer and several-nm thick organic lubrication layer as a surface. The CoO does not
exhibit the MCD contrast because it is antiferromagnetic. A magnetic pattern was recorded in a
piece of video tape using an audio recording head.
The pattern consisted of magnetic domains with
alternating in-plane magnetization direction. The
width of domains was 20 (i m. A surface of the tape
was sputtered using an ion gun until the MCD contrast appeared. Fig.5(a) shows a microscopic image
of the pattern taken at the L2 absorption edge of
cobalt (793 eV) by the right circularly polarized light.
The observed pattern exactly corresponds to the recorded one. Fig.5(b) is an illustration of Fig.5(a). It
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a)

b)

A B
A: parallel

B: antiparallel

Fig. 5 (a) A microscopic image of the magnetic pattern taken at the L2 absorption edge of cobalt
(793 eV) and with right circularly polarized
light, (b) Illustration of (a). In (a), a pixel number, a pixel pitch and a gate time are 80(1-1) x
24(V), 2^m(H)X4^m(V) and 1 sec, respectively. The width of domains recorded was 20
ft m. The photon spin and magnetization
direction are parallel in dark (weak) zones,
while antiparallel in bright (intense) zones, respectively.

explains the relation between the photon spin and
the local magnetization direction of the domains.
Namely, the photon spin and magnetization direction
are parallel in dark (weak) zones of Fig.5(a), while
antiparallel in bright (intense) zones of Fig.5(a).
Further, images at the L3 edge (778 eV) and below

L3 edge (770 eV) were also taken. It was found that
the observed contrast was reversed between L2 and
L3 edges and that no contrast was observed at 770
eV.
Thus, a scanning X-ray microscope is shown to
be effective in imaging magnetic domains by means
of the contrast arising from the MCD. Both smaller
magnetic domains and higher contrast will be
achieved with a proper sample preparation. Position
specific spectroscopy will also be performed.
2.2 Zone plate soft X-ray microscope

Main object of the soft X-ray microscope is the
imaging of the wet biological sample with the spatial
resolution of less than a few tens of nm. In order to
obtain the high contrast of the specimen and to avoid
the severe absorption by the water, X-ray energies of
"water window", which range from carbon (major
element of biological specimen) to oxygen (water) K
absorption edges, are usually used.
Undulator radiation from AR NE1B is most
suitable for soft X-ray microscope owing to its high
brilliance, high collimation and energy tunability. J.D Wang et al. have been developed a microscope to
fully utilize these advantages of undulator
radiation125.
For imaging application, monochromatic illumination of the zone plate is essential to avoid
chromatic aberration. A spherical grating monochromator was introduced instead of the conventional
linear zone plate monochromator because of the
matching to the undulator source characteristics and
the heat load problem. An objective zone plate having a well defined fine zone is indispensable to
obtain a high resolution and good quality image. The
objective zone plate used had 50 nm finest zone and
was fabricated by IBM in collaboration between
Lawrence Berkeley Lab. and IBM. In a high resolution zone plate microscope, the alignment of the
objective zone plate, the pinhole and the sample
needs careful adjustment. A visible light pre-focus
unit has been developed and introduced into a
vacuum chamber of the X-ray microscope. As a result, the X-ray optical system of the microscope can
be adjusted easily, quickly and precisely. The experimental results shows that the diffraction limited
resolution of 55 nm was realized with this microscope. Recently they succeeded in observing some

1 u,m
Fig. 6

Magnified image of dry diatoms. The X-ray
wavelength was 2.37 nm. The magnification
of the X-ray optical system was about 1020.
The exposure time was about 2 min. A scale
mark is 1 ^ m .

dry biological specimen. Fig. 6 shows a full-field image of diatom.
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Experimental Facilities

(a)

2mm

(b)

Images of the monochromatized 60keVX-rays at (a) under focusing point
and (b) focusing point of AR-NE1A1

CONTENTS
Page

A.

BEAMLINES

E l

1.

E -1

NEW BEAMLINE IN OPERATION
1.1 BL-12C Preliminary Performance Test of the Monochromator for
a New XAFS Beamline

2.

3.

4.

B.

E -1

BEAMLINES UNDER CONSTRUCTION AND PLANNING

E -1

2.1 BL-4C Improvement of Optical Elements

E -1

2.2 BL-4B Separation to two stations (BL-4B1 and 4B2) with focusing optics

E -1

2.3 BL-18C powder diffraction at non-ambient conditions

E -2

IMPROVEMENT OF BEAMLINES

E

3.1 BL-16A

E -3

3.2 BL-16 A new monochromator for the undulator

E-3

3.3 New doubly bent crystal monochromator at AR-NE1A1

E -4

LONG HORIZONTAL PARALLEL SLITS FOR POWDER DIFFRACTION

E -5

3

NEW INSTRUMENTATION

E 6

1.

CURRENT STATUS OF HIGH RESOLUTION PHOTOEMISSION FACILITY

E -6

2.

THE TITANIUM SAPPHIRE/DYE LASER SYSTEM

E -7

3.

SCANNING X-RAY MICROSCOPE USING CIRCULARLY POLARIZED RADIATION
AT THE NE-IB FOR THE OBSERVATION OF FERROMAGNETIC DOMAINS

E -8

A.

BEAMLINES

1.

ported in the next volume.
References
1) Photon Factory Activity Report 1993, # 1 1 , 1-4
(1994).
2) M. Nomura, A. Koyama and M. Sakurai, KEK
Report, 91-1, (1991).

NEW BEAMLINE IN OPERATION

1.1 BL-12C Preliminary Performance Test of the
Monochromator for a New XAFS Beamline

Main components of a new XAFS beamline
(BL-12C) have been delivered in FY 1993. The outline of the beamline was described in the previous
volume.x) The double crystal monochromator had
been designed to improve the angular linearity of the
Bragg angle and the parallelism of two crystals. The
crystal holders were designed as light as possible and
the first crystal was placed at the center of rotation.
The mechanical performance of the double crystal monochromator was tested by using an autocollimator. The linearity was better than 0.004° between 7 and 50° which is better than 0.006° observed
at BL-7C.2) Especially the backlash decreased from
0.003° to 0.001°. The variation of the parallelism between two crystals is a key performance of the double crystal monochromator for XAFS experiments
and it was also tested. The result is shown in Fig. 1.
It was within 10 arcsec within usually used angular
range, which is much better than that observed at
BL-6B (40 arcsec). The data for BL-6B was taken
when it was delivered and it is improved after that
(14 arcsec).
The optical components were aligned and tested
during the summer shutdown period. The performance of the beamline will be tested during the autumn beamtime of 1994, and the results will be re-

2.

BL-4C will be mainly used for x-ray diffraction
experiments using a 6-circle diffractometer after
April of 1995, since the present XAFS activities at
BL-4C will be transferred to BL-12C. New experiments of X-ray magnetic Bragg scattering will be
started as well as the experiments of X-ray diffuse
scattering.
Optical elements of BL-4C are to be improved
during the summer shutdown of 1995. The present
sagittal focusing monochromator is replaced by a flat
double-crystal monochromator and a focusing mirror,
which ensures a high photon density and a good
energy tunability. Figure 2 shows the layout the BL4. The monochromator and mirror are placed between BL-4A and -4BX hutches. A one-meter long
rhodium-coated
silicon
mirror
focuses
the
monochromatic beam of 6 to 25 KeV at the sample
position.
The beam line is to be opened for public use at
the end of 1995.
2.2 BL-4B Separation to two stations (BL-4B1 and
4B2) with focusing optics

monochromator at BL-6B

For a long while, BL-4B has been in charge of
both powder diffractometer and X-ray camera for
submicrometer-sized crystal in the modes of Laue
and Weissenberg method. Recent rise of the demand
for usage of both equipments caused frequent replacement and their adjustment to the SR beam. In
order to save the time, BL-4B is to be separated to
two tandem experimental stations (Fig. 2).
For the Laue methods, the nearer to the light
source is preferable, the camera is located in BL-4B1
at the distance of 29m from the source.
An X-ray mirror for BL-4B2 is installed in the
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Fig. 1 The variation of the parallelism between two
crystals against 2 8.
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beamline just after the monochromator at the distance of 18m from the source and horizontally focuses the monochromatized X-ray beam to 13mm in
full width at the half maximum in horizontal plane
on the powder sample. This new optics is expected
to gain 5 times higher that of non-focusing.
The reconstruction of the beamline is scheduled
to carry out in the summer shutdown of 1995, and
the commissioning of both equipments is going to
start at the end of 1995.

The double-crystal monochromator is of a fixedexit type, equipped with two flat crystal. The second
crystal is long enough to receive a monochromatized
beam by the first crystal without a translational motion in the x-ray direction. The position of the first
crystal is adjusted in the vertical direction to keep
beam height constant. This design of the monochromator is the same for BL-4C. Mirrors are of a fixed
concave type without bending mechanism, and made
of SiO 2 with Pt coating, and the critical energy is
designed to be 25keV. The mirror size is designed to
have a divergence from sample side of 1 mrad. The
horizontal mirror locates at 18.4m from the source
and the radius is 1070m, and the vertical mirror is located at 18.9m and the radius is 760m, while the
sample position is 21.5m from the source. The focused beam size is expected to be 50 (x m in vertical
direction and 100/um in the horizontal direction.
A diamond-anvil high-pressure cell or a He-flow
type cryostat (able to cool down to 10K) is attached
to a vertical-type single axis goniometer. Diffracted
X-rays are recorded on a round-type imaging plate,
and can be read out in three minutes. For more precise measurements, a flat-type imaging plate is also

2.3 BL-18C powder diffraction at non-ambient
conditions

BL-18C is newly designed for powder diffraction
experiments at non-ambient conditions such as high
pressure and/or low temperature. Diffraction intensity from sample at such conditions is weak, so that
high x-ray intensities are required to obtain reliable
intensity data. For this purpose, a focused optics is
adopted in contrast to the standard powder diffraction beam line. The new beam line, shown in Fig. 3,
consists of a double-crystal monochromator and horizontal and vertical focusing mirrors.

HUTCH(4C)
HUTCH(4B2)
PM

Mo
KS

Mr

HUTCH(4B1)
i
_. i

DSS

Mr

BL-4B
HUTCH(4A)

20

15
Fig. 2

25

30

35

New layout of BL-4B and -4C. PM: beam position monitor; Mo: double-crystal monochromator; Mr:
focusing mirror; DSS: downstream shutter.
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available. In future, an X-ray CCD camera will be
equipped for more quick measurement. This diffractometer is constructed in cooperation with Tokyo
Univ. and NIRIM. The station will be opened for
public use from 1996.

3.

&

vious crystal had semi-circular water channels with a
width of 0.6 mm below the irradiated surface, and
the thickness of the fins between these channels were
1 mm. In this case, because of thermal deformation,
the measured Si(lll) rocking curve peak height at
300 mA was about 70% of the value extrapolated
from the low current data for 8.3 keV monochromatic X-rays. The Si(333) rocking curve widths
(FWHM) was about 9 arcsec.
In the new one (Fig. 5), the channel width is 0.1
mm and the fin width is 0.2 mm. The performance of
this new micro-channel crystal is as follows; The
Si(333) rocking curve widths (FWHM) become about
5 arcsec at almost the same condition as above, and
the deterioration of the total flux for the Si(lll) fundamental reflection seen at the previous crystal can
not be observed.
Using the sagittal focusing of the second crystal,
the monochromatic beam is gathered to 2.4 mm
FWHM in horizontal at the focusing point, and the
photon flux of 0.7 X 1013 photons/sec is achieved at
an energy of 8.3 keV and a ring current of 300 mA.

IMPROVEMENT OF BEAMLINES

3.1 BL-16A
BL-16A has been reconstructed as a beam line
to provide general purpose hard X-rays from the 53pole MPW. This beam line can be used for both
white and monochromatic X-rays (5-25 keV). The
layout of the beam line is shown in Fig. 4. The collimating mirror and fluorescence screen # 1 will be
installed in the summer of 1995. The monochromator
is located at 27.5 meters from the source, and the 3:1
focusing point (36.7 meter) is in the Al hatch. The
main improvements of the beam line layout are as
follows.
1) The whole beam line is covered with radiation
shielding consisting of 5mm Pb sandwiched by Fe.
Then the individual optical element does not need to
be shielded by Pb sheets and it is become easy to access for the maintenance.
2) The Be-widows, the BBS and the slit are installed
upstream of the collimating mirror. Then the heat
load irradiated to the mirror reduces to about 1/5,
because the low energy component of synchrotron
radiation (SR) is filtered by the Be-window and the
graphite filters installed just upstream of the window.
3) Components downstream from the collimating
mirror to the slit # 3 are mounted on an inclination
stage in order to adjust these components to fit the
inclined angle of the SR beam reflected by the mirror. The height of the stage can be easily adjusted
with the aid of several fluorescence screens.
In addition to the modification of the beam line
layout, we improved the design of crystal. The pre-

3.2 BL-16 A new monochromator for the undulator

During the last decade there has been a great

Fig. 5 A skecth of the directly water-cooled
monochromator crystal with a micro-channel.
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demand for high-resolution and high-throughput
monochromators in the far ultraviolet and soft x-ray
regions. Recently the installation of undulators in
storage rings has emphasized the various scientific
possibilities in these energy regions. To meet the demand, a design study on monochromators for the undulator beam line BL-16 has been carried out. A 24m spherical grating monochromator (24-m SGM) has
been proposed and its construction has been started.
The design concept of the 24-m SGM is based
on the so-called Dragon monochromator. The layout
of optical elements is schematically shown in Fig. 6.
The beam line consists of a Kirkpatrick-Baez premirror system, a 24-m spherical grating monochromator
with a movable exit slit, and refocusing mirrors. Undulator radiation is focused horizontally by the first
cylindrical mirror Mo with 3/5 demagnification. The
second mirror Ma is a spherical mirror, which focuses
vertically with 1/10 demagnification onto an entrance
slit. With three gratings of 400 I/mm, 900 I/mm, and
2000 I/mm, the 24-m SGM covers the photon energy
range from 40 to 600 eV.
The analytical results for the resolving power
with an entrance slit width of 50 p. m are shown in
Fig. 7, together with main contributions to the resolution limit. Here a figure slope error of 0.2 arcsec
for each grating is assumed. In the low energy regions, the considerable contribution of the coma
aberration is seen. To reduce the coma, one has only
to close an aperture suitably. It is expected that the
24-m SGM can cover the entire energy range with a
resolving power of more than 10000, if the figure
slope error of the gratings is less than 0.2 arcsec.

From a separated estimation for the throughput of
the whole beam line, it is found that the photon flux
of more than 1010 photons/sec is achievable with a
resolving power of 10000 in the entire photon energy
range.
3.3 New doubly bent crystal monochromator at
AR-NE1A1

A new doubly bent crystal monochromator has
been installed at the beamline AR-NE1A1, which is
the dedicated beamline for Compton scattering experiments. The previous monochromator for this
beam line was a quasi-doubly bent crystal monochromator which comprised an array of 20 pieces of singly-bent crystals. By using the previous monochromator, we could get a focused X-ray beam at 60 keV as
the size of 2 mm height and 8 mm width, whose
energy resolution and flux were about 90 eV and 6 X
1012 photons/sec. Various Compton scattering experiments have been done by using this monochromator
for 5 years.
Recently, however, the sophisticated Compton
scattering experiments need much better focusing at
the sample position and much better energy resolution without loosing any flux, in order to observe the
Compton scattering from small samples, to reduce
the back ground, and to get much better momentum
space resolution. In order to achieve the above performance, we started to design the new doubly bent
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Fig. 6 Schematic layout of the 24-m SGM for the undulatorat BL-16.
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monolithic crystal monochromator one year ago, and
it has been successfully installed into the beamline.
Figure 8 shows the schematic view of this new
monochromator. Its mechanical system is similar to
an usual bent cylindrical X-ray mirror. The monolithic Silicon (111) crystal is mounted on a water
cooled cylindrically polished copper crystal holder
with liquid Ga-In alloy between them, in order to get
good thermal and also mechanical contacts. The
sagittal bending radius of the holder, Rs, is 508 mm
and the surface is coated by Ni metal to avoid damage by Ga-In alloy. Then the holder is mounted on a
bender to make a meridian radius, Rm, to be 596 m
as shown in Fig. 8. The shape of the crystal is 3 mm
X 75 mm X 200 mm (thickness, width, and length)
with 0.6 mm wide channels to make an weak linkage
as shown in Fig. 8. The remained lib width is 1.2
mm. The thickness of 3 mm is important to avoid a
crystal strain which is introduced by the contact with
the crystal holder.

Figure 9(a) and (b) show the image of the
monochromatized 60 keV X-rays at 34000 mm from
the source (under-focusing point) and at 37700 mm
from the source (the focusing point), respectively. At
the focusing point, the beam size is 0.5 mm in height
and 2.0 mm in width. The flux of the above focused
beam was 5 X1012 photons/sec. The energy resolution
of the monochromator was about 60eV at 59.38 keV.
The new monochromator gives one order higher
brightness at the sample position and also better
energy resolution than those by the previous
monochromator. Then the over all momentum resolution for the high resolution Compton scattering
experiment is expected to become 0.09 a.u.. The
back ground can be reduced to 1/3, because it is
possible to insert a fine slit after the analyzer crystal
without loosing any Compton scattering signal.

4.

The parallel-beam optics using synchrotron
radiation has an advantage for high-resolution powder diffraction experiments. For this purpose, a crystal analyzer or a horizontal parallel slits (hereafter
called HPS) is effectively used on the diffracted
beam side. The former gives higher angular resolution, while the latter is advantageous in obtaining
high intensity.
The HPS consist of a number of long thin foils
stacked parallel at very narrow spacing. The angular
spacing can be chosen by selecting the foil length and
the spacing between foils. The high precision of
assembly is required in constructing the HPS, which
determine the limit of angular resolution. After the
first report on the HPS in 198615, many HPS system
have been developed at various synchrotron radiation facilities including the Photon Factory. The
highest resolution so far obtained is 0.038 ° with 300
mm slit length2).
Recently a HPS system aimed at better resolution with high intensity has been performed3). The
main purpose is to achieve the angular resolution of
0.03° and to stack the foils 25 mm height, which required for asymmetric 2-theta scanning at fixed incident angle. Two sets of HPS (hereafter HPS1 and
HPS2) were constructed, the specification of which
are listed in Table 1. These HPSs were tested com-

Fig. 8 Schematic view of the new doubly bent crystal monochromator.

Fig. 9

LONG HORIZONTAL PARALLEL SLITS
FOR POWDER DIFFRACTION

Images of the monochromatized 60keV X-rays
at (a) under focusing point and (b) focusing
point, respectively.
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bining with a powder diffractometer at BL-4B using
CeO2 as a test material. Table 2 gives a comparison
of the peak maximum intensity and the FWHM of
the (111) reflection observed in various slit settings.
The intensity is decreased to about one third at each
time of narrowing the receiving slit from 0.5 mm to
0.2 mm and then to 0.1 mm. On the other hand, the
intensity is decreased to 59% by replacing HPS2 with
HPS1. This relative efficiency is thought to be quite
reasonable compared with the ideal value when the
technical difficulty of stacking 167 very long thin foils
of stainless steel in parallel.
Variations of FWHM with 26, observed with
HPS1 and HPS2 for the reflection from CeO2, are
shown in Fig. 10. FWHM for the (200) reflection at
IB =32.810° gave the minimum of 0.03° for HPS1,
achieving the primary purpose of the present study.
The variations were well fitted to Caglioti-PaolettiRicci formula as follows;
H(20) = (0.0028tan2# -O.OOO8tan0 + 0.0010)1'2 for
HPS1, and
H(20) = (0.0038tan2# +0.0012tan# + 0.0027)1'2 for
HPS2.
These newly developed HPSs will be used
together with the diffractometer at BL-4B2 which
will be dedicatedly used for powder diffraction experiment.

Table 1

HPSl

HPS2

0.032
67
0.1
167

0.065
80
0.2
100

Foil material
Foil thickness (mm)
Foil length (mm)
Effective window size (mm2)

Slit
HPSl
HPS2
RS = 0.1 mm
RS = 0.2 mm
RS = 0.5 mm

0.20

i

i

i

r

0.15

0.10

O

0.05

20

40

60

80

HPSl

100

120
140
26 i°)

Fig. 10 Variations of FWHM with 20 obserbed with
HPS1 and HPS2 for the reflection from CeO2.
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Selected specifications for the horisontal
parallel slits.

Angular aperture (°)
Transmission efficiency (%)
Spacing between the two foils (mm)
Number of foils

Table 2

FWHM(°)

B.
1.

Stainless steel
0.05
353
15 (width) x 25 (height)

14223
24236
1655
5199
15348

CURRENT STATUS OF HIGH
RESOLUTION PHOTOEMISSION FACILITY

Recently, high perfomance of monochromators
have made it possible to do extreme high energy resolution photoabsorption spectroscopies at BL-2B,
BL-3B and BL-20A. The installation of a high resolution electron analyzer is thus proposed for the
extreme high resolution photoemission spectroscopy.
The system consists of a SCIENTA SES-200 electron
analyzer with a 200mm hemispherical analyzer, prefocusing lenses and a two-dimensional detection
system(Fig.ll). High resolution photoemission
measurements are expected to give a total resolution

Comparison of peak maximum intensities
and FWHM's in various settings for the slit
system.
Peak maximum intensity
(counts s ~ ' )

NEW INSTRUMENTATION

FWHM

(°)
0.0319
0.0582
0.0385
0.0564
0.1153
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Fig. 11 Side (left) and top (right) views of a high resolution electron analyzer for the extreme high resolution
photoemission spectroscopy.

of better than lOmeV for low-photon energy UPS in
the valence band and the Fermi-edge regions. After
the special proposal for this purpose was accepted in
June 1994, the construction of the vacuum chamber
and analyzer was started.
As reported in the previous activity report, the
main chamber is evacuated by tandem turbomolecular pumps (TMP) of 1500//s and 150//s, and the sample preparation chamber is pumped by a sputter ion
pump. The resulting base pressure is less than 4 X
10~ n Torr in the main chamber when the analyzer
chamber is not connected. The vacuum system is
controlled by a systematic controller with a vacuum
interlock for safety reasons.
In addition, the main chamber is equipped with
a He-flow-type cryostat (High-Tran UHV183-IS-102)
for cooling sample down to about 10K. It takes about an hour to cool down sample to the saturated
temperature. Such a very low temperature is realy
necessary for high resolution photoemission spectroscopy, because of broadening effect due to lattice
vibrations. An UV-lamp (PHI) is also available in
order to calibrate various properties of the SES-200
analyzer.
The sample preparation chamber is equipped
with a diamond file for cleaning sample surface. It
will be possible to attach LEED-AES optics to ICF
203 flange, not only for checking the degree of contamination but also for the study of single crystals or
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adsorbates on crystal surfaces.
2.

THE TITANIUM SAPPHIRE/DYE LASER
SYSTEM

A laser system for experiments combining synchrotron radiation and laser photons has been installed. The primary purpose is to study photoionization
of laser excited gas phase metal vapours at BL-3B.
However, proposals for other types of experiments
as well as usage at nearby beamlines are also welcomed. It is currently located under the BL-3B platform and consists of the following components.
1. Coherent Radiation 899-21 single mode stabilized
ring titanium-sapphire and dye lasers: The wavelength coverage with the currently available optics
sets range from 530 nm to 700 nm (dye configuration) and 690 nm to 1000 nm (Ti-Sapphire configuration). Single mode power from 400 mW to 1.2 W is
available, depending on the wavelength.
2. Coherent Radiation Innova 400-15 Ar laser: This
is for the pumping of CR 899-21, but can be also
used by itself. Power: 15 W multi-line visible, 7 W
for 514 nm single line.
3. Accessories:
Burleigh wave meter (resolution Dl=0.001 nm).
Coherent Radiation spectrum analyzer (FSR = 7.5
GHz).
Newport optical table (3m X 1.2m).

3.

SCANNING X-RAY MICROSCOPE USING
CIRCULARLY POLARIZED RADIATION
AT THE NE-1B FOR THE OBSERVATION
OF FERROMAGNETIC DOMAINS

size of PPH and the reduction ratio of the optical
system. As we can select one of several PPH's, the
appropriate spatial resolution can be chosen. The focused beam is incident at an angle of 30° from the
surface of the sample to obtain the MCD contrast
because the magnetization direction of the sample is
in plane. Photoelectron yield is counted using a
channel electron multiplier. A micro-channel plate
(MCP) is used to monitor the x-ray image for the
optical alignment. A scanning unit consists of x-y
coarse stages driven by pulse motors and x-y fine
stages driven by piezoelectric actuators. The structure of a single fine stage is a monolithic parallel
spring stage with flexure hinges and a magnification
lever. The lever magnifies a motion of a piezoelectric
actuator with a magnification ratio of 2. The fine
stages can scan the sample two dimensionally with
the smallest step of 10 nm. The specifications of the
scanning unit are summarized in Table 3. Figure
12(b) shows a schematic top view of the apparatus.
All elements except for the scanning unit are
mounted inside a vacuum chamber. The sample is
connected to the scanning unit through the flexible
welded bellows. The position of the order selecting

A scanning x-ray microscope using X-ray focusing optical system with a zone plate was constructed
in the beamline NE-1B. It aims at the imaging of
magnetic domains as well as the position and element specific spectromicroscopy of magnetic materials using circular polarization with a spatial resolution approaching several tens nano-meters in the
future.
Figure 12(a) shows an optical arrangement of
the scanning x-ray microscope. The circularly polarized radiation is produced under a helical undulator
operation mode of the EMPWttNEl 1 *. The undulator radiation is monochromatized by the NE1BSGM2) and then post-focused. There is a pre-pinhole
(PPH) at the post-focused point to collimate the Xray beam. Regarding PPH as a secondary light
source, the X-ray beam is focused onto a sample by
a reduction optical system using a zone plate (ZP).
The spatial resolution is simply determined by the

a)
Sample
Photoelectrons
Monochromatized
undulator radiation

„ „ „•„,,„,„
Pre
-Pinh°le

Channel electron
multiplier

-1040 mm

b)
Interchangeable
pinholes

TMP

Channel electron
multiplier
Scanning unit
(outside chamber)

Sample

longu
Optical bench with air
spring vibration isolator
Post-focusing
mirror chamber

Pre-pinhole
chamber
Order selecting
aperture(OSA)

Fig. 12 Schematic (a) optical arrangement and (b) top view of the apparatus of a scanning x-ray microscope at the NE-1B.
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Table 3
Coarse
stages
Fine
stages

Specifications of a scanning unit

Step width
0.5|im/pulse

Repeatability
±lum

Resolution
(operated with
linear encoder)
10 nm

0.16

Movable range
±12.5mm
Movable range
±45|im

aperture (OSA) is fixed, while ZP can be aligned using the manipulator. The surface of the sample can
be sputtered using an ion gun. Measuring the photoelectron yield (/) and the incident intensity (Io), the
sample is scanned two dimensionally. The Io is at
present the photoelectric current of the final mirror,
M6, of the beamline2\ The two dimensional distribution of the normalized photoelectron yield (///#) is
displayed as an microscopic image.
A resolution test was made using a copper #
2000 mesh as a sample. The PPH was 50 /xm <f>. The
photon energy was tuned to the L3 absorption edge
of copper (933 eV), at which the ideal spatial resolution was —0.9 lira.. A vertical line scan profile of an
image of a wire of the mesh is shown in Fig. 13. A
criterion of 90%-10% intensity in an edge scan profile gave the resolution of ~ 1.2 /u m, which was in
good agreement with the ideal value of— 0.9 ju m.
The resolution was limited by the photon flux. The
results of the observation of the magnetic domains is
also shown somewhere of this volume and elsewhere3).
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0

4

8

12

16

20

Spatial distance (urn)
Fig. 13 A vertical line scan profile of an image of a
wire of the mesh . The resolution was evaluated to be ~1.2,«nn.

References
1) S. Yamamoto, H. Kawata, H. Kitamura, M.
Ando, N. Sakai, and N. Shiotani, Phys. Rev.
Lett. 62, (1989) 2672, S. Yamamoto, T. Shioya,
S. Sasaki and H. Kitamura, Rev. Sci. Instrum.
60 (1989) 1834.
2) Y. Kagoshima, T. Miyahara, S. Yamamoto, H.
Kitamura, S. Muto, S.-Y. Park and J.-D Wang,
Rev. Sci. Instrum. 66 (1995) 1696.
3) Y. Kagoshima, T. Miyahara, M. Ando, J.-D.
Wang and S. Aoki, Rev. Sci. Instrum. 66 (1995)
1534.

List of Experimental Stations

Experimental

Contact

Station

person

BL-1 [NTT]
A Solid surface analysis
[PF]
B
C

K. Kobayashi
K. Tanaka

BL-2 (Undulator)
A Soft X-ray spectroscopy
Bl Soft X-ray microscopy
B2 Soft X-ray spectroscopy

Y. Kitajima
Y. Azuma
Y. Azuma

BL-3
A
B
Cl
C2

X-ray diffraction and scattering
VUV and soft X-ray spectroscopy
X-ray diffraction
X-ray topography in milli-Kelvin region (for solid helium)

M. Tanaka
E. Shigemasa
T. Matsushita
T. Nakajima

EL-4
A
B
C

Trace element analysis, X-ray microprobe
Liquid/melt structure analysis, powder diffraction, micro-crystal structure analysis
X-ray diffuse scattering, fluorescent EXAFS

A. Iida
K. Ohsumi
Y. Murakami

BL-6
A
B
Cl
C2

Macromolecular crystallography by Weissenberg camera
X-ray spectroscopy and diffraction
X-ray diffraction at low temperatures
Accurate lattice spacing measurement

N. Watanabe
M. Nomura
T. Nakajima
M. Ando

M. Oshima

BL-7 [The Research Center for Spectrochemistry, The Univ. of Tokyo]
A Soft X-ray photoelectron spectroscopy
B Surface photochemical reaction and angle resolved photoelectron spectroscopy
[PF]
X-ray spectroscopy and diffraction

H. Namba
H. Namba
M. Nomura

BL-8 [Hitachi]
A Soft X-ray spectroscopy
B EXAFS
C1 X-ray lithography
C2 X-ray tomography and X-ray microscopy

Y. Hirai
A. Nakano
M. Itou
K. Usami

BL-9 [NEC]
A X-ray lithography
B Photochemical reaction
C EXAFS and X-ray topography/diffraction

K. Suzuki
I. Nishiyama
J. Mizuki

BL-10
A X-ray diffraction/scattering, crystal structure analysis
B XAFS
C Small-angle X-ray scattering of enzymes, surface diffraction

M. Tanaka
N. Usami
K. Kobayashi

BL-11
A
B
C
D

T. Sekitani
Y. Kitajima
H. Kato
H. Kato

Soft X-ray spectroscopy
Surface EXAFS, soft X-ray spectroscopy
VUV spectroscopy (solid state)
Angle-resolved photoelectron spectroscopy
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Experimental

Station

Contact

BL-12
A Soft X-ray spectroscopy (under construction)
B VUV high-resolution spectroscopy
C Photochemical reaction
XAFS (from July 1994)

person

K. Tanaka
K. Ito
M. Nomura

BL-13 (Multipole wiggler/Undulator) [Research team for advanced materials*]
A Accurate lattice parameter measurement
Bl Surface-sensitive XAFS, X-ray diffraction
B2 High pressure & high temperature X-ray diffraction
C Soft X-ray photoemission spectroscopy and XAFS

K.
H.
O.
H.

BL-14
A
B
C

S. Kishimoto
K. Hirano
O. Shimomura

(Vertical wiggler)
Crystal structure analysis, EXAFS
High-precision X-ray optics
General purpose (X-rays)

Nakayama
Oyanagi
Shimomura
Shimada

BL-15
A Small-angle X-ray scattering of muscle and alloys
B White X-ray topography and X-ray magnetic bragg scattering
C High-resolution X-ray diffraction

Y. Amemiya
H. Kawata
K. Hirano

BL-16 (Multipole wiggler/Undulator)
A General purpose (X-rays)
U Soft X-ray spectroscopy

K. Takeshita
E. Shigemasa

BL-17 [Fujitsu]
A XAFS
B Photochemical vapor deposition
C Grazing incident X-ray diffraction, X-ray fluorescence analysis

S. Komiya
S. Komiya
S. Komiya

BL-18 [The Institute for Solid State Physics, The Univ. of Tokyo]
A Angle-resolved photoelectron spectroscopy of surfaces and interfaces
[PF]
B Macromolecular crystallography (Weissenberg and Lane)
BL-19 (Revolver undulator) [The Institute for Solid State Physics, The Univ. of Tokyo]
A Spin-resolved photoelectron spectroscopy (Mott detector)
B Spin-resolved photoelectron spectroscopy (SPLEED)
Soft X-ray emission spectroscopy
BL-20 [PF]
A VUV spectroscopy
[Australia]
B White and monochromatic beam general purpose X-ray station

A. Kakizaki
N. Watanabe

A. Kakizaki
A. Kakizaki

K. Ito
G. Foran

BL-21 [Light Source Division]
Beam position monitoring

T. Katsura

BL-27 (Beamline for experiments using radioisotopes, under construction)
A Radiation biology, Soft X-ray photoelectron spectroscopy
B Radiation biology, X-ray diffuse scattering

K. Kobayashi
K. Kobayashi

BL-28 (Multipole wiggler/Undulator)
A VUV and soft X-ray spectroscopy with circularly polarized undulator radiation
B Spectroscopy and scattering with polarized X-rays

T. Miyahara
T. Iwazumi
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Experimental

Station

Contact

person

AR-NE1 (EMPW#NE1)
Al High resolution Compton and magnetic Compton scattering
A2 Spectroscopy and scattering with circularly polarized X-rays
B Spectroscopy and microscopy with circularly polarized soft X-rays

H. Kawata
T. Iwazumi
Y. Kagoshima

AR-NE3 (Undulator#NE3)
Al Nuclear resonant scattering
A2 Surface and interface diffraction

X.Zhang
H. Sugiyama

AR-NE5
A Angiography and X-ray computed tomography
C High pressure and high temperature X-ray diffraction

K. Hyodo
T. Kikegawa

AR-NE9
A In desing
B Vacuum science and technology

M. Ando
K. Kanazawa

* National Laboratory of Metrology, National Institute of Researches in Inorganic Materials, Electrotechnical Laboratory,
National Institute of Materials and Chemical Research, The Institute of Physics and Chemical Research
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X-ray Beamline Optics

Branch
Beam
Line
BL-3A

Acceptance
Horiz.
(mrad)

4

Beam Size
(HxV)

Photon Flux
at Sample
Position

100x5

Type of
Monochromator

4x0.1

Double Crystal
Si(lll)
Sagittal Focusing

Energy
Resolution
(AE/E)xlO"4

Photon
Energy
(keV)

Mirror

-2

4-25

Collimating and 1, 2, 3, 4
Focusing Mirrors 5,6
(Fused Quartz)

4-30

None

7, 8,9

Reference

BL-3C1/C2

2

20x4

None

BL-4A

6

50x4
4x1

Double Crystal
Sagittal Focusing

- 2

4-20

None

10

BL-4B

4.5

50x5

Double Crystal
Si(lll)

—2

4-35

None

11

BL-4C

4

4x1

Double Crystal
Si(lll)
Sagittal Focusing

_T

4-20

None

12

BL-6A

4

2.5x1

Bent S i ( l l l )
(a = 0, 6.0°, 7.8°, 9.5°,
11.4°, 13.7°, 16.5°)

5-25

Bent Plane
Fused Quartz

13

BL-6B

4

8x1

4-25

None

14, 15,
16

lxl0 10 /6mm 2
(8 keV,
300 mA)
(lxlO 11 when

Double Crystal
Si(220),
Sid 11).

focused)

Sagittal Focusing
with Sid 11)

(4 - 1 3 )
8 -30

BL-6C1

4

37x5

None

BL-6C2

0.5

5x5

Channel-Cut
Si (111)

8x1

BL-7C

BL-8C1/C2

5

50x5

lxl0 10 /6mm 2
(8 keV,
300 mA)
(lxlO 11 when
focused)
6xl0 8 mm 2
(lOkcV,
300 mA
Si (111)

Double Crystal
Si (111)

—2

7.5

8 -12

None

—2

4-20

Double Minor
Fused Quartz

(4 - 13)

Focusing

5-40

None

1.2 - 3 . 1

SiC

- 2

5 -25

None

50

5-25

None

Sagittal Focusing

Channel-Cut
Si(220),
Si(Hl),

7, 8, 17,
38

-2

14, 15,
16

•Si(400)

BL-9A

5

25x25

BL-9C

5

150x5

Double Crystal
Si(l 11)
Sagittal Focusing

BL-10A

1

10x3

Si(l 11), Si(220)
Ge(lll), InSb(lll)
Quam.(lOO),
PG(002)
Curved Si(111)
(a - 4°, 8°)
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Bianch
Beam
Line

Acceptance Beam Size
Horiz.
(HxV)
(mrad)

Photon Flux
at Sample
Position

Type of
Monochvomatoi-

F.ncrgy
Resolution
(AE/E)xlO"4

Photon
Energy
(keV)

Mirror

BL-lOB

2

8x1

lxlO9/7mm2
(lOkcV,
300 mA)

Channel-Cut
Si(311)

1

6-30

None

BL-1OC

4

6x1.5
(8 kcV,
100 raA)

~1010/9mm2
Si(lll)

Double Crystal

2

4-10

Bent Cylinder

Double Crystal
Si(lll)

~2

6-23

Bent Cylinder

Double Crystal
Si(220)

-0.1

4 - 30

None

4 - 30

Bent Plane
Fused Quartz

1.3x0.6 5xl0 10 /lmm 2 )
(8.0 keV,)
300mA
W.Si(lll)

BL-12C

Reference

BL-13A

1

BL-13B1/B2

4

4x1

Double Crystal
Si(lll), Si(220)
Sagittal Focusing

~ 9

BL-14A

1.28
(Vertical)

5x38

Double Crystal
Si (HI)
Si (311)
Si (553)

2

BL-14B

2.2

5x30

Double Crystal
Si(lll),
Si(220),

2

5.2 - 57

None

BL-14C

1.3

10x40

Double Crystal
Si(lll), Si(22O)

2

5.5 - 69

None

BL-15A

2

0.7x0.8
at focus

Bent Crystal
Ge(lll)
(a = 8.0°)

- 10

5.6 - 12.4

BL-15B

0.H

5x5

None

3.5 - 34

None

BL-15C

2

60x6

Double Crystal
Si(lll)

4 -30

None

BL-16A

4

4x1

Double Crystal
Si(l 11)
Sagittal Focusing

—2

4 -35

BL-17A

4

100x10

Double Crystal
Si(lll)

- 2

5 - 13

None

22

BL-17C

1

20x5

Double Crystal
Si (111)

-2

5 - 13

None

23

Double Crystal
Si (111)
Si (220)
Ge(lll)
Ge (220)

- 2

6-30

Bent Cylinder
Fused Quartz,
Pt-coated

24

BL-18B

1.2x0.4

9xl0 10 /6mm 2
(8.0 keV,
150 mA)

l.lxlO 1 0
(12.4 keV,
300 mA)
Si(lll)

E-14

5.1 - 19.1 Bent Cylinder
9.9 - 35.6 for Vertical
22.7 -- 84.5 Forcusing,
Pt-coated
Fused Quartz

Bent Plane,
Fused Quartz

20

21

Branch
Beam
Line

Acceptance Beam Size
Horiz.
(mrad)
(HxV)

Photon Flux
at Sample
Position

Type of
Monochromalor

Energy
Resolution
(AE/E)xlO-4

Photon
Energy
(keV)

Mirror

BL-20B

2

26x3

Channel Cut
Si (111)

-2

4-25

None

BL-27B

4

100x10

Double Crystal
Si (111)

-2

4-20

None

BL-28B

4x0.2

2.4x0.3

3xI0 1 0
(9 keV,
300 mA)
Si (220)
Pc - 0.5

Double Crystal
Si (111)
Si (220)
InSb (111)

3
(at 6.3 keV)

2-10

NE-1A1

8x3

lxlO 1 0
(60.0 keV)

Double Bent
Crystal Si(lll)

0.15

0.25 - 10"4

NE-1A2

80x4
3x4
3x0. 5

NE-3A1
3A2

NE-5A

H:0.3
V:0.03

10

15x2

150x8

lxlO 3
(14.4 keV)

5xlO 8
(33.2 keV)

Double Crystal
Si(lll)
Single Focusing
Si(lil)
Sagital Focusing
+ Bent Mirror

6-28

Double Crystal
Si(lll) with
fine monochromator
of Si with
Single Crystal
57
Fe 2 0 3 (777)

5-25

Asym.Cut
Single Crystal
Si(311) or Si(511)

Pre-mirror
Bent Cylinder
Si
Pt- & Ni-coated
Post-mirror
Bent Plane
Fused Quartz
Pt- & Ni-coated

Reference

25

26

5x10,-3
lxlO" 7

0.6

20-60

27, 28

(a = 4 ° - 6 ° )

20-50

Double Crystal
Si(lll)
NE-5C

3

Double Crystal

60x5
Si ( t i l )

NE-9A

5

NE-9B

10

not fixed
Si (111)
10x3

White beam
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1

30- 100
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VUV and Soft X-ray Monochromators
Branch
Bcamline

Acceptance
Horiz./Vert.
(mrad)

Type of
Monochromator

Grating
Grove density
(I/mm)

Photon
Energy
(eV)

Beam Size

Typical
Resolution

(mm)

QJ&X)

Reference

BL-7B
(RCS)

6

4

lm Seya-Namioka

1200
2400

5-50

1x1

1000

1

BL-11C

4.8

3

lm Seya-Namioka

1200

4-35
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2

BL-I2B

5

3.6

6.65 m Off-Plane
Eagle

1200
4800

5-30

BL-20A

28

3m Normal Incidence

1200
2400

5-40

2x1

3xlO4

5

BL-1A
(NTT)

4

0.5

Grating/Crystal

1200
2400

50 - 900

4x 1

500

6

BL-IB

1.2

4

BL-1C

2

4
10 m Grazing Incidence
a = 89°

1200
2400

250 - 1600

< 0.2 <>

500 - 5000

7, 8,9

Grazing Incidence

200
600
1800

10 - 280

<2(fr

200 - 3000

10, 11

BL-2B2
Undulator

BL-3B

5

K = 0.55 ~ 2.2
X,j = 6cm

10

2
R = 24m

a+p=165°

2.5 x 105

3,4

BL-7A
(RCS)

6

1

Plane Grating

1200
2400

1 0 - 1000

2x1
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12

BL-8A
(Hitachi)
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1
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Plane Grating
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2400

40 - 1800

5x1
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13

BL-11A

1

0.5

2 m Grazing Incidence
a =88°
Grasshopper Mark VII
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2400

4 0 - 1000

< ) 4>

200 - 2000

14
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BL-11D
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2

600
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1.5 i)/
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2

2

R = 3m
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Undulator
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Photon
Energy
(eV)

Beam Size

Typical
Resolution

(mm)
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5

0.5

Double Crystal
InSb (111)
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5x1
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2
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Toroidal Mirror
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10
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5

1
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(Fujitsu)

8

1

Toroidal Mirror
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28, 29,
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Mirrors
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25, 26
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(NEC)
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0.3
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R = 4m
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(NTT)
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Grove density
(I/mm)

Type of
Monochromator

Rh - Si 21 Layers
Rh -C21 Layers
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2x1
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Accelerator Operations,
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The VME system used for global feedback
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A. INJECTOR LINAC

The cumulative usage hours of klystrons and the
averaged fault rate with averaged applied anode voltage
are shown in Tables 2 and 3, respectively. Cumulative
status of klystrons up to the end of this term are
summarized in Table 4.

During this period, the linac has been stably
operated with a total operation time of 5,322.5 hours
and a high operation rate of 99.1 %. Operation statistics
for this period are listed in Table 1. There was no
severe failure which took comparatively long
recovering time during this run.
Table 1

Operation
time
(hrs)

FY1993
Sep. 27 - Nov. 10
Nov. 16 - Dec. 24
Feb. 8 - Mar. 31
FY1994
Apr.l - July 1
total

up to
up to
up to
up to
up to
up to
up to
up to
up to
up to

Operation
rate
(%)

17.1
7.7
7.0

98.3
99.1
99.4

2152.0

14.8

99.3

5322.5

46.6

99.1

Total
No.of
tubes

Period

Failure
time
(hrs)

1036.0
899.5
1235.0

Table 2

Year of
product

Averaged fault rate and averaged applied
voltage to klystrons.

Operation and failure time during this period.

Date

Table 4

Table 3

1985/7
1986/7
1987/7
1988/7
1989/7
1990/7
1991/7
1992/7
1993/7
1994/7

79
91
106
120
140

158
176
191
203
217

Period

Fault
rate
(/daytube)

1985/8-1986/7
1986/8-1987/7
1987/8-1988/7
1988/8-1989/7
1989/8-1990/7
1990/8-1991/7
1991/8-1992/7
1992/8-1993/7
1993/8-1994/7

1.0
1.0
1.0
0.6
0.3
0.2
0.1
0.1
0.1

Applied
voltage
(kV)

Total
operation
(tubedays)

238
239
240
241
244
246
248
247
245

5,600
7,740
9,990
10,510
10,690
10,750
10,140
10,010
10,580

Cumulative usage hours of klystrons during the past years.
Unused
No.of
tubes
2

Failed
No.of
tubes

4
2

28
39
52
67

5
6

82
98

14
24
19

107

30

130

3

113

123

Mean age
(hours)

No.of
tubes

3,600
4,400
4,400
4,500
6,400
8,500
10,100
10,800
10,800
10,900

49
49
50
51

Living
Av.op.time
(hours)
6,200
7,400
9,600
11,400
12,400
11,200
11,100
13,400
15,300
17,800

53
54
55
54
56
57

MTBF
(hours)
13,400
13,100
13,600
13,500
14,400
14,700
15,800
17,100
17,700
18,700

Cumulative status of klystrons up to July 1994 corresponding to the year of production. Unused tubes are those
which have never been used in the klystron gallery. STB(stand-by) tubes are those which have been used in the
gallery and can be used there again.
Total
No.of
tubes

Unused
No.of
tubes

1987
1988
1989
1990
1991

7
20
18
18
15

1QQ9

19

1993
total

14

13

104

28

0
1
1

6
5

Livina
No. of (STB Working) Av.op.time
tubes
e+
(hours)
e5
0
33,220
0
5
14
3
24,380
3
8
1
10
24,306
0
9
1
7
1
5
17,318
1
5
4
6,258
0
Q
i
i
10
6 816
1
1
0
2,224
0
52
7
5
40
18,719

A-l

Failed
No.of
Causes
Mean age
tubes (arcing window others) (hours)
1
1
2
0
16,748
4
1
0
14,961
5
2
12,002
0
5
7
4
1
10,773
5
0
1
4
4,411
5
0
0

o

n

n

0

0

0

0

24

0

18

6

11,176

Cumulative MTBF
operation
(tube-hours) (hours)
199,594
99,797
416,128
83,226
327,079
46,726
175,087
35,017
53,343
10,669
68 163
2,224
1,241,618

51,734

B. PF STORAGE RING
1.

SUMMARY OF THE STORAGE-RING
OPERATIONS
• Operation Time
E 3 Scheduled User Time
Effective User Time
Wiggler Operation Time
Single Bunch User Time
Failure Time

A summary of the operation times of the storage
ring is given in Fig. 1. Table 5(a) shows the operation
statistics for the fiscal year 1993, and (b) those of
between March 28 and December 22,1994. Machinefailure times are given in Fig. 2. The injection intervals
and average currents are given in Fig. 3. The initial
stored current is 370 mA for user-runs and the beam
lifetime is 70-80 hours at 300 mA. The average stored
current is about 320 mA during 24-hours of operation.
In single-bunch runs, initial current is 65 mA and the
beam lifetime at 50 mA is 20-30 hours. During singlebunch runs, as a beam current in the main bucket
decays, number of positrons in the next bunch
gradually increases. In the PF storage ring, a cleaning
of the beams in the next buckets routinely takes place
by continuous running of the RF knock-out with the
vertical scrapers at the straight section B04-B05. The
ratio of the satellite bunch to the main one was
maintained less than 10'6 during the routine user-runs.
Figure 4 is a plot of / T (beam current x lifetime),
which is being maintained at around 1400-1500 A-min.

Table 5(a)

'82 '83 '84 '85 '86 '87 '88 '89 '90 '91 '92 '93 '94
Fiscal Year

Fig. 1

Statistics of the storage ring operation during fiscal year 1993.
Single-bunch

Multi-bunch
Ring Operation Time (hours)
Scheduled user time (hours)
Net user time T (hours)
Time used for injection (hours)
Integrated current in T (Ahours)
Average current in T (mA)
Number of injections
Interval between injections (hours)

Table 5(b)

—
3435.0
3328.2
69.1
1075.0
323.0
179
18.6

—
312.0
228.7
15.1
13.8
47.9
28
10.3

Total
4908.0
3747.0
3556.9
84.2
1088.8

—
207
—

Statistics between March 28 and December 22,1994.
Multi-bunch

Ring Operation Time (hours)
Scheduled user time (hours)
Net user time T (hours)
Time used for injection (hours)
Integrated current in T (A-hours)
Average current in T (mA)
Number of injections
Interval between injections (hours)

Operation times of the storage ring.

Single-bunch

—
2904.0
2830.8
69.5
871.3
307.8
143
19.8

—
114
133.4
9.7
6.4
47.8
12
11.1

A-2

Total
3772.0
3048.0
2964.2
79.2
877.7
—
155
—

I x (A- min)
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The FEL-research in the VUV-region is underway
at the PF storage ring using BL02. A gain measurement
at 177 nm is our present goal. For the gain
measurement, we will use 6th-harmonics of a Nd-YAG
laser light as an external coherent light of 177 nm,
which is successfully produced with a high peak power
in 1993 by using a nonlinear-optical crystal system.
An optical pass to transport the incident 177 nm light
from the laser source to the optical klystron will be
constructed during 1995 by using three LiF lenses.
This optical system will create laser-beam having a
waist of 500 |xm in diameter at the center of the optical
klystron. A precise matching on the incident laserbeam and the circulating positron-beam is required
both for their positions and timings. Measurement
errors in the positions of the positron beams should be
less than 50 (Am at the center of the optical klystron.
We are attempting to know the positron-beam positions
by measuring the profiles and angles of the spontaneous
emission using an optical system installed in the
downstream. During 1994, we tried the measurements
by a system using VUV-lenses. However, the position
error was in an order of 100 |j,m due to chromatic
aberration. In order to improve the measurement error,
a spherical-mirror system will be installed in the
downstream of the optical klystron in February of
1995.

reinforcing the quadrupoles and sextupoles in the
normal cells, the emittance can be reduced to 27 nmrad, which is about one fifth of the present value (130
nm-rad).
To realize this emittance upgrade, about one third
of the ring will be reconstructed. All the quadrupoles
and sextupoles in the normal cells will be replaced with
new and reinforced ones. The vacuum chambers
including BPM's in the normal cells will be modified to
be matched with the small bores of the new magnets.
Injection kickers will be reinforced to be matched with
the new optics. The front ends of the SR beam lines in
the normal cells will be modified to be matched with
the new configuration of the magnets.
To cure the beam instabilities, RF cavities will be
replaced with damped type ones. A transverse feedback
system is also under developing. Since the orbit
stability is much more important for the low emittance
lattice, the present orbit feedback system will be
reinforced to be faster and more accurate.
In 1997, the ring will be shut down for 9 months.
To finish all the reconstruction work within this rather
short period, the fabrication of the accelerator
components has started in 1994, and will be finished in
1996. The reconstruction work of the front ends of the
SR beam lines has already started and will be finished
before 1997, preceding the reconstruction works of the
ring.

Since 1988, positrons have been used for the
routine-user runs at the PF storage ring. Under the
electron operations, various destructive effects in the
beam quality have been observed due to both ion
trapping and micro-particle trapping, such as sudden
beam loss and lifetime deterioration. These phenomena
have never been observed with positron beams.
However, a strange vertical instability was observed.
Properties of the instability are as follows: (1) it is a
coupled-bunch oscillation with multi-modes; (2) the
threshold current is very low, 15- 20 mA without
octupole fields; and (3) the distribution of the betatron
sidebands is broad. To suppress this beam instability,
we must add octupole fields. The reason why such an
instability appears only under positrons was not
understood long time. The puzzle is finally solved and
more studies for the instability cures are undergoing.
2.

1) M. Katoh et al, Rev. Sci. Instrum. 66(2) 1995.
2.1 Field Measurement of Model Magnets for a
High-Brilliance Configuration (II)
We have measured the field gradient of the model
magnets for a high-brilliance configuration using a
harmonic coil method. This method has the following
advantages compared with the previous search coil one:
it enables us to measure the higher multipole field
components, and a shift of the magnetic field center,
and so on.
In the last year the harmonic coil measurement
system was newly constructed. The schematic view
and specifications are shown in Fig. 5 and Table 6. We
installed two kinds of coils: one is a long coil for
measurement of an integrated field gradient and the
other is a short coil for measurement of a field gradient
around a center of the magnet. A coil cylinder
supported by chacking collets is rotated by a motor

EMITTANCE UPGRADE PROGRAM

An emittance upgrade program is in progress,
whose detail is described in ref. 1. By doubling and
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with an inverter control. A rotating speed is available
to change from 10 to 100 rpm. An angular position
signal which triggers the integration of the induced
voltage is read out from an angular encoder mounted in
one side of the coil. The data acquisition is made by a
digital integrator circuit controlled by an on-line
computer. The alignment between the center of the coil
and the geometric centers of the magnets is done using
a level scope and a special target made for the
alignment.

The preliminary results measured by a long coil
are shown in Fig. 6 for the quadrupole magnets, and in
Fig. 7 for the sextupole magnets, respectively. Figures
(a) show the pattern of the integration of the induced
voltage (vs) to the angular position (0), which is
displayed by the following equation:

h =
©
(D
(|)
@
©

Harmonic Coil
Chocking Collet
Garder
Operation Board
Angular Encoder

II

2jr . M. ft/
normal1

rn • n\-T

rnn\-T

Here, n is a harmonic number, r is a coil radius, N is a
coil turn number, B^n"1 V is an integrated field strength,
and T is an angular position number. Figures (b) show
a harmonic coefficients, bn, calculated through a
Fourier analysis. The dodecapole component (n = 6) is
reasonably larger than the other higher multipole one in
the quadrupole magnet, but it will be compensated with
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Fig. 5

Table 6

The Schematic view of the harmonic coil
measurement system
Specifications of the harmonic coil

(b)
1.4 10"

Coil
General
bobbin diameter
length
weight
Long Coil
radius
length
turn number
Short Coil
radius
length
turn number
Angular Encoder
resolution
DC Motor
Rotating speed

74.6 (mm)
1532 (mm)
6 (kg)

1.0 10'
8.0 10'
6.0 10*

29.9 (mm)
1000 (mm)
10

4.0 10'
2.0 10*
Hwmonlc Numb»r

0.010"

29.5 (mm)
20 (mm)
50

-2.0 10'
1

2

3

4

5

6

7

8

9

10 11 12

13 14

15 16

17

18 19 20

Harmonic Number

Fig. 6
6000 pulse/turn
10-100 rpm
(inverter control)
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(a) An angular pattern of the integration of the
induced voltage to the quadrupole magnet
measured at a current of 500 A; (b) a harmonic
coefficients, bn, calculated through a Fourier
analysis.

end-shims. The sextupole component (n = 3) is also
observed. Although the octupole (n = 4) and decapole
component (n = 5) are observed in the sextupole
magnet, but they are quite small.
The field measurement is now in progress for the
preparation of more than 60 magnets employed in the
high-brilliance configuration.

Fig. 8

Photograph of the VME system used for the
global feedback

(b)
4.0 10*
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DSPs (Texas Instruments TMS320C40s), a CPU board
and some kinds of I/O boards in a VME crate. Fig. 8
shows a photograph of the VME system. The DSP
board is linked with the I/O boards through an I/O
bus in order to control the beam position monitors
(BPMs) and the vertical steering magnets; it is also
connected through a VME bus to the CPU board,
which is interfaced with a UNIX workstation by
Ethernet. The CPU board intermediates between the
DSP board and the workstation for download of
DSP programs and transfer of feedback data.
The computation performance of the DSP board
was tested using a DSP program which simulates the
global feedback computation (not including the I/O
control). This program contains the following parts:
1) Calculation of the horizontal and vertical positions
based on electrode-voltage data of the BPMs and a
quality check of the position data,
2) Calculation of the steering-magnet currents based
on the vertical-position data,
3) Calculation for the PID (proportional, integral and
derivative) control in order to improve the
feedback performance,
4) Communication of the electrode-voltage data and
the horizontal-position data between the main and
sub DSPs.

.

10 11 12 13 14 15 16 17 IB 19 20

Harmonic Number

Fig. 7

(a) An angular pattern of the integration of the
induced voltage to the sextupole magnet
measured at a current of 450 A; (b) a harmonic
coefficients, bn, calculated through a Fourier
analysis.

2.2 Performance Test of the Global Feedback DSP
Board
A fast global feedback system is planned in order
to obtain good beam stability for the vertical direction
in a high-brilliance configuration.1' This system is
expected to correct orbit fluctuations up to 50 Hz. A
VME system was adopted for fast feedback control; it
contains a DSP board with two 32-bit floating-point
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Table 7
Main DSP

(1)
(2)
(3)
(4)

set DAC out put
atOV

t
set BPM data
(4)

•

Total

305 us
100 us
25 us
125 us
555 us

•

calculate
x-pos tions

0)

(D

feedback with a planned sampling time of 2 ms. It was
also confirmed that the total computation time is
almost unchanged in parallel programming when the
horizontal global feedback computation is added to
Parts (2) to (4). This suggests that we can join the
horizontal global feedback to the vertical one
without changing the sampling time, if necessary.

t

calculate
magnet currents
(2)

•

PID control
(3)

T

1) Photon Factory Activity Report 1993 R-8.

send x-position
data
(4)

+ -A

t

3.

set DAC output
at5V
rogram flow

-*Fig. 9

Position calculation (x&y)
Magnet current calculation (y)
PID control (y)
Data communication

recieve BPM data
(4)

calculate
y-positions

recieve x-position
data
(4)

Measured DSP computation time

Sub DSP

STORAGE RING SPECIFICATIONS

This section contains major specifications of the
2.5 GeV PF ring to provide quick and handy
information for users and machine physicists.

d ata flow

Flow chart of a DSP program simulating the
global feedback computation

Figure 9 shows a flow chart of the program. In
this program, the numbers of the BPMs and the vertical
steering magnets were assumed to be 65 and 28. Parts
(1), (3) and (4) were coded in C-language and Part (2)
in assembly language. Parallel C (from 3L Ltd.) was
used as an optimizing C compiler, assembler and linker
to reduce the consumed time for Part (1) by parallel
programming of the two DSPs. Part (4) means that the
sub DSP has to take the electrode-voltage data from
the main DSP directly connected with the outside of
the DSP board and return the calculated horizontalposition data to it. The communication speed between
the two DSPs is 20 MBytes/s, except for the software
overhead. The program forced the main DSP to change
the output voltage of a DAC board before and after one
computation cycle. Therefore, the total computation
time was easily obtained by observing the DAC output
level with an oscilloscope. The consumed time for
each part was also measured in the same manner. The
results are summarized in Table 7. Since the I/O
control time is kept within 1 ms, the total computation
time (555 u.s) is sufficiently short for the global

Mognets
B
Q
PB

: Bending magnet
:Quadrupole magnet
: Pulse bending magnet

Monitors
PM : Profile monitor
CT : Current transformer
WCM:Wall current monitor

Fig. 10 Beam transport line.
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FROM
LINAC

* B02 I !

: Bending magnet
:Quadrupole magnet
SF, SD: Sextupole magnet
OCT '• OCTupole magnet
Vertical Dipole
Photon beam Vertical dipole
Skew Quadrupole magnet
Kicker magnet
Septum magnet
RF- cavity
Undulator
superconducting Vertical Wiggler
Multipole Wiggler
Elliptically polarized Multipole Wiggler

**«*»

55

Fig. 11

Ring lattice components.

Photon Factory

Accumulation Ring
E=6.5GeV, l=50mA
ex=165nm.rad
1% coupling

E=2.5GeV, l=300mA
E=125nm.rad

Photon Energy (eV)
Fig. 12

Synchrotron radiation spectra.
Brilliance of radiation vs. photon energy for the insertion devices (U#02, MPW#13, VW#14, MPW#16,
Revolver#19 and EMPW#28) and the bending magnet (Bend) of the PF, and for the insertion device
(EMPW#NE1) of the AR. The name of each source is assigned in Table C-4. Several insertion devices have
both undulator and wiggler modes, which are denoted by U or W, respectively. The spectral curve of each
undulator (or undulator mode of multipole wiggler) is a locus of the peak of the first harmonic within the allowable
range of K-parameter. Spectra of Revolvers 9 are shown for four kinds of period lengths.
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Table 8 Insertion devices
Calculated spectral performances of the bend source and 6 insertion devices at the Photon Factory. E/I: beam energy and
current, l u : period length, N: number of periods, L: length of undulator or wiggler, Gy (GJ: minimum vertical (horizontal) gap
height, By (BJ: maximum vertical (horizontal) magnetic field, P: pure configuration, H: hybrid configuration, S.C.:
superconducting magnet, a,,y: horizontal or vertical beam size, a,..,.: horizontal or vertical beam divergence, K n (K s ):
horizontal (vertical) deflection parameter, e , / e c : photon energy of the first harmonic (critical energy in the case of bend
source or wiggler), A zl e: relative bandwidth, Pc: degree of circular polarization, D: photon flux in unit solid angle (photons /s
•mrad2 -0.1%b.w.), ffl: brilliance (photons /s -mm2 •mrad2 •0.1%b.w.)I PT: total radiated power, dP/dQ: power in unit solid angle.
Different operating modes of undulator and wiggler are denoted by -U and -W, respectively.

Name

E/I

\

N

GeV/mA cm

L

G,(G.) B,(BJ

Type of

a.

a,

m

cm

magnet

mm

mm

mrad

"r
mrad

0.74

0.26

0.38

0.037

T

Bend
U#02
MPW#13-W

K.(KJ

£,/EC

6.0

60

3.6

2.8

0.4

H(NdFeB)

0.78

0.11

0.16

0.022

2.25

0.28

13

2.5

2.7

1.5

H(NdFeB)

1.66

0.17

0.15

0.019

25.0

6.2

2.0

0.108

VW#14

5.0

5.0

S.C.

1.05

.096

0.16

0.025

26

3.1

1.9

1.5

H (NdFeB)

0.78

0.11

0.16

0.022

5.0

46

2.3

3.0

0.28

H (NdFeB)

1.66

0.17

0.15

0.019

7.2

32

0.41

10.0

23

16.4

14

16.0

12

MPW#16-W 2.5/300 12.0
-U

D

ffl

16.8

P,
kW

4.0

18.0

-U

Ae/e

keV

0.029

3.5E13

2.9E13

dP/dn
kW / mrao*
0.060

5.2E16

9.7E16

0.68

9.7E14

4.9E14

6.7

2.6

5.7E15

3.2E15

.042

0.19

20.8

2.2E13

3.4E13

6.2

1.8E15

3.1E15

8.3

4.9

0.086

2.7

0.18

2.0

0.162

0.050

1.6E16

2.8E16

0.12

0.52

1.3

0.637

0.021

4.1E16

2.3E16

0.21

1.27

H(NdFeB)

2.7

0.176

0.039

2.1E16

1.2E16

0.44

1.54

0.53

H(NdFeB)

5.0

0.0436

0.047

6.9E15

3.8E15

0.78

1.53

0.62

P(NdFeB)

9.5

0.0078

0.066

1.2E15

6.3E14

1.05

1.09

-W

15(1)

4.2 (Pc=89%)

2.5E14

3.4E14

2.3

0.38

-U

1(1)

.18(Pc=99%)

0.11

6.3E15

9.8E15

0.02

0.058

Revolver
#19

EMPW#28

1.9

3(11)

1 (0.2) P (NdFeB)

1.05

.096

0.16

0.025

bending magnet (B0KB28)
quadrupole magnet

2.5 GeV
beam injection

*ia

*20

*30

Fig. 13

Vacuum system components.
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2.5 GeV

B05

PM : Position Monitor
DCCT :DC Current Transformer
RWCMrRing Wall Current Monitor
RFKO : RF Knock-Out system
LM -.Loss Monitor ( 3 4 around the ring; not shown)

beam injection
BL21A

BL-21A(Monitor Beam Line)
WM : Wire Monitor
SIC : Split anode Ion Chomber
Cu Mirror
Visible Light Monitors (on the basement)
CCD TV Camera
CCO Profile Monitor (Hor. 8 Ver.)
Light Profile Monitor (Hor. S Ver.)
Quad Diode
Streok Camera

OJ

B15

Energy
Initial stored
current

B20

CM CM

<T> —J

-W-

Fig. 14

Table 9

to Visible Light
Monitors

I—I
Beam monitors.

General parameters of the storage ring.

2.5 GeV
(multi-bunch)

(0.75 GeV to 3 GeV)
350 mA
(max 500 mA)

(single bunch)

60 mA

(max 104 mA)

Emittance

130nm-rad(horizontal)
~2nm-rad(vertical)

Circumference

187m

(bending radius=8.66m)

RF frequency

500MHz

(harmonic number=312)

Injection

2.5GeV Linac

(positron/electron)

Beam lifetime

60 h (at 300 mA)

I-x >18 A-h (at -250 mA - 350 mA)

Vacuum pressure

>3xl0 1 0 Torr (at 300mA)
P/I ~ 8xlO10 Torr/A (at -250 mA ~ 350 mA)
~3xl0"Torr(at0mA)

Insertion devices

Superconducting vertical wiggler 5T
60 period undulator K=l.78-0.1
26 period multipole wiggler/undulator 1.5T-0.04T
Four way revolver type undulator
14 period multipole wiggler
Elliptically polarized multipole wiggler

SR channels

SR experiment 22
Beam diagnosis 3
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Table 10

Beam parameters.

Horizontal tune vx
Vertical tune vy
Compaction factor a
Natural chromaticity ^»

8.45
3.30
0.015
-15.8
-8.6
1.5cm
7.8msec
3.9msec

Bunch length az
Transverse damping time
Longitudinal damping time
Energy spread
7.3xl0J1
Radiation loss (without insertion devices)

Table 11

400keV

Principal parameters of the accelerator system.

Magnet system
Bending
Quadrupole
Sextupole
Octupole
Skew quadrupole
Dodecapole
Vertical steering
Photon beam steering
Others
Backleg winding of bending magnet
Electric shunt for tune compensation

number of magnets
28
58
22
11
4
6
42
20

number of power supplies
1
12
2
10
4
6
42
20

28
12

RF system
Number of RF stations
Number of klystrons
Number of RF cavities
Shunt impedance
Unloaded Q
Total power dissipated in cavity wall
Total cavity gap voltage
Synchrotron frequency

4 (180kW/klystron)
4 (single cell cavity)
32M£2 (four cavities)
39000
89kW
1.7MV
37kHz

A-ll

Vacuum system
main pumping system
pump
SIP (Sputter Ion Pump)
DIP (Distributed Ion Pump)
Ti sublimation
NEG (Non-Evaporable Getter)

pumping speed
128 1/sec
1501/sec

number
54
26
71
2

pumping speed
3001/sec

number
12

total effective pumping speed = 2xl04l/sec (for CO)
Rough pumping system
TMP (Turbo Molecular Pump)

Measurement
number
48
4
16(for baking)

B-A gauge
mass filter
cold cathode gauge
Sector gate valve

number
5
1
10

all metal with RF shield
all metal without RF shield
Viton seal with RF shield

Injection system
Septum magnet
name
core material
length [mm]
maximum current [A]
deflection angle [degree]
pulse width [msec]

Septum I (SI)
1500
6000
7.0
88

Septum II (S2)
laminated silicon steel (passive type)
1000
6000
5.0
60

Kicker magnet
name
core material
core length [mm]
maximum current [A]
maximum deflection angle [mrad]
pulse width [msec]

K1,K2, K3, K4
ferrite (window frame type)
300
3500
4.4
5
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Superconducting vertical wiggler
Maximum field strength on the beam orbit
Magnet gap
Magnet pole size (widthxhight)
Number of magnetic poles
arranged every 200 mm
Rated exciting current
Superconducting wire

5 Tesla
66 mm
40 mm x 260 mm
5 poles
220 A at 5 Tesla
NbTi: Cu
1:1
size 1.70x0.85 mm2
65 mm x 70 mm
2520
0.1 L/h
1.4xlO 5 /h
1.31 H/coil

Cross section of coils
Number of turn
Liquid helium consumption in the permanent current mode
Damping rate of the permanent current
Inductance

FEL oscillator
1. General
177 nm
18%
12%
6%

target wavelength
FEL gain
cavity loss
net FEL gain
2. Storage ring
beam energy
number of bunches
bunch length(2s)
peak current
beam emittance
energy spread
accelerating frequency(frf)

0.75 GeV
4
60psec
30 A
15 nm-rad
3.5xlO4
500.1MHz

3. Optical klystron
periodic length
number of periods
max. magnetic field
max. deflection parameter
optimum Na
FEL gain

9 cm
19+19
0.7 tesla
5.9
210
0.6 %/amp

4. Optical cavity
type
cavity length
mirror 1(UHV Al)
mirror 2(MgF2multilayer)
cavity loss at 1770 A

Fabry Perot
23.38 m
R=92%
R=96%
12%

5. Laser system
mode-lock YAG laser
mode-lock frequency
regenerative YAG amplifier
repetition rate
pulse energy at 5320 A
pulse duration
Harmonic generation
harmonic material
max. pulse power

83.35 MHz (= iJ6)
50 Hz
15 mJ
80 psec
Xe or Cd vapor
lkW
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Monitor system
I Orbiting Beam Monitors
PM(Position Monitor)
DCCT(Direct Current Current Transformer)
RFKO(Radio Frequency Knock-Out system
WCM(Wall Current Monitor)
Visible Light Monitor
CCD TV Camera
CCD Profile Monitor ( H &V)
Light Profile Monitor (H & V)
Quad Diode
Streak Camera
Photon Counting System

46
2
1
1
1
1
1
1
1
1

II Photon beam position monitors installed in beamlines of PF ring
Beamline
BL2
BL3A
BL3C
BL4C
BL6B
BL6C
BL6C
BL7C
BL10A
BL10B
BL12A
BL14C
BL15A
BL16
BL21
BL27
BL28
Note:

SPM :
SIC :
WM:
DSPM:

Source

Upstream

Downstream

Ver./Hor.

U
B
B
B
B
B
B
B
B
B
B

DSPM
SPM
SPM
SPM
SLIT
SLIT
SPM
SLIT
SIC
SLIT
WM
SPM
SPM
DSPM
WM
SPM
Under constr.

DSPM

V,H
V
V
V
V
V
V
V
V
V
V
H
V
V,H
V

svw
B
MPW
B
B
EMPW

Split photoemission monitor
Split ion chamber
Wire monitor
Dual SPM for insertion device line

SPM
SPM

SPM
SPM

WM
SPM

B:
U:
SVW:
MPW:
EMPW:

Bending magnet
Undulator
Superconducting vertical wiggler
Multipole wiggler
Elliptical MPW

Control system
FACOM S-35OO
Control computers
Library computer
FACOM M-780/10R
Computer network (type : optical token ring)
number of nodes = 5 (max. 256)
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number
4
1

memory
16 Mbyte
32 Mbyte

Table 12
location

Beam size and divergence at source point.

o, [mm]

ay [mm]

B15&B01

0.34

0.16

0.41

0.033

B02&B16

0.60

0.13

0.38

0.033

B03&B17

0.43

0.22

0.32

0.018

B04&B18

0.52

0.18

0.29

0.045

B05&B19

1.26

0.21

0.39

0.037

B06&B20

0.85

0.25

0.38

0.037

B07&B21

1.26

0.21

0.39

0.037

B08&B22

0.85

0.25

0.38

0.037

B09&B23

1.26

0.21

0.39

0.037

B10&B24

0.85

0.25

0.38

0.037

B11&B25

1.26

0.21

0.39

0.037

B12&B26

0.85

0.25

0.38

0.037

B13&B27

0.44

0.23

0.31

0.045

B14&B28

0.50

0.20

0.30

0.018
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[mrad]

o y [mrad]

Table 13

Summary of Beamline (front-ends) in FY 1993.

Affiliation

Source

Spectral range

Status

BL-1

NTT

bending magnet (Bl)

VUV and soft X-ray

in operation

BL-2

KEK-PF

60-period permanent
magnet undulator

Soft-X-ray

in operation

BL-3

KEK-PF

bending magnet (B2 & B3)

VUV and X-ray

in operation

BL-4

KEK-PF

bending magnet (B4)

X-ray

in operation

BL-5

KEK-PF

permanent magnet
wiggler/undulator
(under design)

-

under installation

BL-6

KEK-PF

bending magnet (B6)

X-ray

in operation

BL-7

University
of Tokyo

bending magnet (B7)

VUV and X-ray

in operation

BL-8

Hitachi Ltd.

bending magnet (B8)

VUV and X-ray

in operation

BL-9

Nippon Electrical
Co. (NEC)

bending magnet (B9)

VUV and X-ray

in operation

BL-10

KEK-PF

bending magnet (BIO)

X-ray

in operation

BL-11

KEK-PF

bending magnet (Bl 1)

VUV and soft X-ray

in operation

BL-12

KEK-PF

bending magnet (B12)

VUV and soft X-ray

in operation

BL-13

KEK-PF

27-pole wiggler

Soft and hard X-ray

in operation

BL-14

KEK-PF

superconducting
vertical wiggler

Hard X-ray

in operation

BL-15

KEK-PF

bending magnet (B15)

X-ray

in operation

BL-16

KEK-PF

53-pole permanent
magnet wiggler/undulator

Soft and hard X-ray

in operation

BL-17

Fujitsu Ltd.

bending magnet (B16 & B17)

VUV and X-ray

in operation

BL-18

ISSP and KEK-PF

bending magnet (B18)

VUV

in operation

BL-19

ISSP and KEK-PF

permanent magnet
multi-undulator

VUV

in operation

BL-20

KEK-PF

bending magnet (B20)

VUV and X-ray

in operation

BL-21

KEK-PF

bending magnet (B21)

White, visible,
and X-ray

in operation

BL-27

KEK-PF

bending magnet (B27)

Soft X-ray and X-ray

in operation

BL-28

KEK-PF

25-pole permanent magnet
wiggler/undulator

Circularly polarized
VUV and soft X-ray

in operation

Beamline
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C. TRISTAN ACCUMULATION RING
TRISTAN accumulation ring, AR, is a storage
accelerator which accelerates electrons or positrons
from 2.5 GeV to 8 GeV and transfers them to TRISTAN
main colliding ring (MR). In the intervals of the MRinjection AR is operated with the electron beam of 6.5
GeV as a synchrotron radiation source. Typically it
takes one hour for MR-injection. Following two hours
are used for SR experiments. At present AR has four
beam lines, BL-NE1, -NE3, -NE5 and -NE9. BL-NE1
accepts SR from a ellipsoidal multipole wiggler and
BL-NE3 does it from an X-ray undulator. The
remaining two beam lines transport SR from the
bending magnets in the normal cells. Table 14 shows
the machine parameters of AR.

Table 14 Machine parameters of TRISTAN AR.
Energy
Natural emittance
Circumference
RF frequency
Bending radius
Energy loss per turn
Damping time
horizontal
vertical
longitudinal
Natural bunch length
Momentum compaction
factor
Natural chromaticity
horizontal
vertical
Stored current
The number of bunches
Beam lifetime

Table 15 summarizes the operation statistics of
AR in this year. Two failures which took up the most
part of the failure-time occurred in the vacuum system.
One was the leak in a ceramic chamber of a direct
current transformer and the other the leak on a
beryllium window which separates the vacuum system
of AR from that of a beam transport line for the
positron-injection.
AR has been suffered from sudden shortening of
beam lifetime which occurs about once or twice a day.
To investigate whether this shortening occurs in the
positron-accumulation or not, AR was operated using
the positron beam about four days. Shortening of beam
lifetime never occurred in this period. This seems to
support a speculation where it is caused by trapped
dusts by the electron beam. An experiment, in which
minute particles are dusted artificially on the beam, is
planned next year.
Table 15 Operation statistics of TRISTAN AR
(From Oct. 1993 to Sep. 1994).

6.5 GeV
293 nm rad
377 m
508.6 MHz
23.2 m
6.66 MeV

Time(hr)
SR experiment and MR injection
for physics experiment
MR injection for machine study
and beam tuning
Machine study and beam tuning for AR
Failure
Others

2.5 ms
2.5 ms
1.2 ms
18.6 mm

Total

0.0129

4048.0
703.5
178.0
86.5
188.0
5204.0

1. SPECIFICATIONS OF THE TRISTAN
ACCUMULATION RING

-14.3
-13.1
40 mA
1
240 min.

Table 16 summarizes principal parameters of a
bend source and insertion devices and Fig. 15 shows
calculated spectral performance.
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EMPW#NEi
H-mode.

O#NE3

EMPW#NE1
W-mode (Ky=15)
1

I 10
1 14
15

I °

SI
1 io 1 3
o
|io12

i io11
I

10

10 3

10 4

10 5

10 6

Photon Energy (eV)

'c
ffi

Fig. 15 Synchrotron radiation spectra.
Brilliance of radiation vs. photon energy for the insertion devices (EMPW#NE1 and U#NE3) and the bending
magnet (Bend-NE5,NE9) of the AR. The name of each source is assigned in Table 7. EMPW#NE1 has both a
helical undulator and wiggler modes, which are denoted by H or W, respectively. The spectral curve of each
undulator (or a helical undulator mode of EMPW) is a locus of the peak of the harmonics within the allowable range
of K-parameter.

Table 16 Calculated spectral performance of the bend source and insertion devices at the TRISTAN Accumulation Ring.
E/l: beam energy and current, X«: period length, N: number of periods, L: length of undulator or wiggler, Gv (G>):
minimum vertical (horizontal) gap, B» (B«): maximum vertical (horizontal) magnetic field, P: pure configuration, H:
hybrid configuration, a,.;- horizontal and vertical beam size, o\.,: horizontal and vertical beam divergence, K» (K«):
horizontal (vertical) deflection parameter, eve=: photon energy of the first harmonic (critical energy in the case of
bend source or wiggler), Ae/e: relative bandwidth, Pc: degree of circular polarization, D: photon flux in a unit solid
angle (photons /s • mrad2 • 0.1%b.w.), B: brilliance (photons/s • mm2 • mrad2 • 0.1%b.w.), pT: total radiated power,
dP/d £2: power in a unit solid angle. Different operation modes of a helical undulator and a wiggler are denoted by
-H and -W, respectively.
Name
E/I GeV/mA

Bend-NE5,NE9
6.5/50

K cm
N
L m
Gy (G,)
B, (B.)
Type of magnet
a, mm
ay mm
o,. mrad
Oy. mrad

0.8
0.15
0.45
0.023

EMPW#NE1

-W

-H

6.5/50
16.0
21
3.4
3(11)
1 (0.2)
P (NdFeB)
1.14
0.079
0.14
0.021

e,/ec keV
Ae/e

26.3

15(1)
28 (Pc=83%)

D
B
P T kW
dP/d £2 kW/mrad2

3.5xl013
4.7xlO13

5.3xlO14
8.8xl0 14

0.38

4.5
5.6
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1(1)
1.2 (Pc=97%)
0.12
5.4xlO13
9.5x1015
0.04
0.49

U#NE3
6.5/50
4.0
90
3.6
1.0
0.83
P (NdFeB)
1.24
0.121
1.24
0.018
1.5
4.68
0.064
1.4x10"
1.5xlO16
0.78
8.95

3.1

3.3
35

Projects

A computer sketch of the double-crystal monochromator for the beamline BL-BW-TL which will be
installed in the MR tunnel. Yellow components correspond to the double-crystal monochromator,
green to other beamline components and light blue to the MR.
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A. THE TRISTAN SUPER LIGHT
FACILITY
1.

meters below the third. Because of such a big height
difference, if a big range of photon energies is required,
a very long rail is needed in the case of housing a single
piece of crystal. In order to accommodate a second
monochromator chamber and steel base plates for
experiments in a relatively small space, various pieces
of crystals, each of which corresponds to each photon
energy range, should be prepared.
Almost at the end of 1993 an article on the
"Applications of Synchrotron Radiation Using a Test
Beamline at the Tristan Main Ring" by Masami Ando
and Seishi Kikuta was published (in Japanese) in
Journal of the Synchrotron Radiation Society of Japan,
Vol.6, No.4 (1993) p.113-119 in order to explain the
ongoing TSLF project.
On January 11th, 1994, at the PF simposium 5
representatives of research teams presented tentative
proposals about their research programmes. Those five
subjects are as follows:
1) Small-Angle Scattering of a Single Muscle Fibre
by Naoto Yagi;
2) Parametric Scattering by Kazumichi Namikawa;
3) Mossbauer Scattering by Seishi Kikuta;
4) Solid Phase Crystal Growth by Irradiation of
Synchrotron Radiation by Fumio Sato; and
5) Brilliant Submicron Beam Production and Its
Applications by Yoshio Suzuki.
The design of an associated beamline was nearly
completed at the beginning of 1994, and floppy
diskettes of their drawings were passed on to the KEK
machine shop. The inner diameter of the beamline was
to be 30 mm in order to reduce the cost and its potential
capability as an acoustic delay. Liquid-nitrogen
cooling was adopted because such a high power density
of synchrotron radiation onto a monochromator crystal
piece of silicon can only be removed by liquid nitrogen.
The 1st US-Japan Discussion Meeting was held at
SLAC on May 27-28th concerning the collaboration of
Linac Coherent Light Source development.
Organization was undetaken by Herman Winick and
Gerhard Materlik at SSRL. Due to the upgrade
schedule of the PF 2.5-GeV linac, since a positron
beam will not be available when our test experiment is
carried out in 1995, an electron beam will be provided
so that, without changing the polarity of the dipole
magnets, synchrotron radiation from a clockwise orbit
of an electron beam can be used. In addition, due to
the structure of the building of the Tsukuba Experiment
Point it is the best place for our test experiments.

INTRODUCTION

The director of KEK has changed a future plan
to employ Main Ring tunnel from for the Tristan
Super Light Facility (TSLF) to the b-factory. The
synchrotron-radiation community will thus have to
await another few decades, for instance, to use that
tunnel in the far future for a super-brilliant light source.
As a consequence, the budget requirement to the
Monbusho for converting the Main Ring into a superbrilliant light source has been cancelled. Nevertheless,
the Tristan Accelerator department has made a very
kind decision that they should be happy to let the
synchrotron-radiation community use the Main Ring as
a super- brilliant light source for the moment until its
full conversion into a b-factory ring commences in
1996; as a matter of fact, the high-energy community
will need some time to analyze their data shortly after
the current high-energy physics programme is finished.
The accelerator group is likely to greatly appreciate
what we do with the ring, because those who need very
high luminocity are very much interested in achieving
low-emittance operation using the current machine, and
measuring its emittance, in which crystal optics as a
new technology will be adopted. Thus, both the Tristan
Super Light Facility (TSLF) and the Tristan Accelerator
Department agreed that we should proceed with this
project as a joint one.
As a result, the Accelerator Department said that
they would be happy to support both the construction of
the machine and its operation for three months for
synchrotron-radiation science. This means that
although only the least modification will be made due
to the short time available, the machine will be modified
so that it can still provide a small emittance of 5
nm.rad. Also, in order to minimize expenditures and
the time spent for preparation, not a new and detached
experimental hall outside the ring, but a semi-detached
and shielded experimental area, should be prepared on
the same level as the orbit. However, since no such
convenient space has been found on the same level, we
will attempt to temporarily use a small storage space at
a fourth basement as an experimental area that is close
to one of the three Tristan detectors; a first piece of the
monochromator will be located at the third basement,
while the second will be at the fourth basement, 4.5
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impedance of the higher order modes of the cavities
that may cause coupled-bunch instabilities and limit the
intensity of the stored beam.
For the stability of the light beam, a local feedback
system will be applied to the electron orbit in the MR.
To measure the beam emittance in an independent
way, visible synchrotron light from a bending magnet
and 100-keV X-rays from an undulator will be utilized
as well as the Compton scattering of laser photons from
the beam electrons.

A workshop on the utilization of the MR super
brilliant light source was held on July 7th, 1994. It was
to exchange knowledge concerning machine physics of
the MR and application sciences utilizing superbrilliant
synchrotron radiation. That was jointly arranged by
Masakazu Yoshioka from Tristan and Susumu Kamada
from TSLF.
The 5th International Conference on Synchrotron
Radiation Instrumentation (SRI'94) was held on July
21st at New York State University, where an invited
talk on "Science — Trend and Trial towards a Fourth
Generation Light Source Started from the PF Ring and
through the AR and the MR" was presented by Masami
Ando. It is going to be published in the proceedings of
SRI'94 in Rev. Sci. Instrum.
On August 8th, 1994 the MR Committee in the
second phase was started; its members were changed
slightly. The new assignments include Koji Takata and
Motohiro Kihara, while the others, such as Toshiaki
Ohta, Seishi Kikuta (chairman), Shigeru Sato, Norihiro
Shiotani, Yoshihiko Hatano, Kotaro Hieda, Kazumasa
Ohsumi, Susumu Kamada, Yoshitaka Kimura, Hisashi
Kobayakawa, Isamu Sato, Tadashi Matsushita, and
Masami Ando, will remain for another two years. The
Committee announced a call for proposals for test
experiments.
On the occasion of the KEK Open House on
September 11th a visual demonstration of the magnetic
field using the same permanent magnets as those used
in the insertion device for the MR was presented by
Shigeru Yamamoto.

2.1 Lattice Modification, Damping Wigglers and
Dynamic Aperture
The modification plan of the lattice is illustrated
in Fig. 1 along with the optics parameters resulting
from the modification. The following are the main
motives for the modification:
In order to achieve a low emittance, the betatron
phase in a normal cell will be increased from TC/3 to 7C/2 in
both the horizontal and vertical directions.
To make a free space for installing an undulator,
two B magnets (5.86m long) will be replaced by short
ones.
To remove any obstacles to the light beam line.
To operate the MR without superconducting
magnets.
In high-energy physics operation, the wiggler
magnets work so as to increase the beam emittance. By
tuning the dispersion function there to zero, the same
wiggler magnets will work to decrease the emittance, as
given in Table 1. At the same time, the wiggler magnets
will make the damping time short and help to suppress
any collective beam instabilities.

M, Ando

2.

ACCELERATOR PLAN" FOR A LIGHTSOURCE STUDY IN THE AUTUMN OF
1995
Table 1

For the sake of light-source development and
research programs using it, three-month operation with
a beam is scheduled for the autumn of 1995.
The lattice will be modified so as to enable the
installation of a 5.4m long undulator and to achieve a
very low-emittance beam of 5nm at 10 GeV. Emittance
damping wigglers will enhance the radiation-damping
rate, which will stabilize the coherent beam instabilities
as well as reduce the emittance more.
A considerable number of accelerating cavities
will be removed from the ring in order to minimize the

Major beam parameters for the MR light-source
study.
units

beam energy
normal cell phase(H/V)
momentum compaction
accelerating voltage
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GeV

10
90790°
7.2 X 104
36

MV

wiggler magnets

OFF

ON

energy loss in a turn
energy spread in a beam
natural bunch length
natural emittance

3.8
0.59
4.5
7.0

6.5
1.1
8.5
5.1

MeV

xio- 3
ram
nm

Tsukuba
Collision Point

short B newly fabricated
and connected to QC2T
power supply

moved
reconnected to QD power supply
from QS7T power supply

moved in every octant
moved QRF
connected to QS7T power supply

Fig. 1 MR lattice modification plan and the optics parameters for the undulator installation.

measured data with two resonators. The growth rate of
the coupled-bunch instability is estimated in Fig. 3 for
an 8-GeV injection beam.
The radiation-damping rate at 8 GeV(21 sec"1) is not
sufficient to overcome the growth rate of the coupledbunch instability. However, the head-tail damping rate in
the MR4) is more than 10-times larger than the radiationdamping rate, and can suppress the coupled-bunch
instability. To facilitate this process, the important issues
are the chromaticity tuning and the temperature control of
the cavity cooling water as well as the removal of any
unnecessary cavities.
The bunch number is chosen to be less than 8, so
that the bunch spacing is sufficiently long for the
research programs. A rather high bunch current will
enhance the head-tail damping; on the other hand, the
effects of intra-beam scattering must be carefully
checked. As shown in Fig. 4, the Touschek effect on the

In the chromaticity correction, sextupoles are to be
arranged in pairs having the same strength. In each pair,
sextupoles will be placed at the interval of the betatron JI
phase both horizontally and vertically, and will never be
interleaved with other sextupoles. Any non-linear effects
of the sextupoles will be automatically cancelled out in
each pair with this arrangement, so that the dynamic
aperture will be kept large.2'34)
2.2 Instabilities and Lifetime

The APS-type cavity currently in use was
examined from the view point of coupled-bunch
instabilities, by which the beam current of the MR must
be limited. The most dangerous higher mode of the
cavity was found to be the TM110 mode (horizontal).
Figure 2 shows the real part of the coupling impedance
of the TM110 mode (horizontal), obtained by fitting the
P-3

beam life is not negligibly small, especially at an 8GeV injection energy. However, the situation at the
injection energy can be improved by increasing the
wiggler field.
The beam life will also be limited by scattering
with residual gas in the vacuum chambers, especially in
those chambers which will be newly installed into the
locations of the removed cavities. Alkaline cleaning
(NaOH) of the chamber surface is under preparation so
as to improve the vacuum pressure when being
irradiated with synchrotron light.

Frequency(MHz)
Fig. 2

TN110 (horizontal) impedance of the APS-type
cavities.

2.3 Orbit Stability and Feedback
Table 2 lists the requirements on the orbit stability
for possible research programs in the MR light-source
study.
Based on the data for slow orbit movement measured
over a period of 8 hours, the MR electron orbit is expected
to change by 48u.ni and 94(j.m in the horizontal and
vertical positions, respectively, and by 14u.rad and 21urad
in the horizontal and vertical angles, respectively, at the
location of the undulator. The fast orbit movement
(3~100Hz) was also measured, and is expected to satisfy
the stability requirements.
To suppress the slow orbit movement, a orbit
feedback system is being prepared that comprises
single-pass beam-position monitors, horizontal and
vertical steering magnets and a feedback circuit. An
analysis of the feedback system gives a feedback gain
of 14dB at 4Hz when the beam position is measured
every 5msec.
This feedback system will keep the orbit
movement within the stability requirements for all
research programs.

300

2

-100
793.7

793.8

793.9

794

794.1

Frequency (MHz)

3

Estimated growth rate of the coupled-bunch
instability induced by the TM110 (horizontal)
mode.

Table 2

Requirements on the orbit stability.

research program

angle
(|irad)
(Vertical direction stability requirements)
(a) X-ray diffraction on single muscle fibers
±500
±10
(b) formation of micro beam and its application
±5
±10
(c) crystallization process by SR irradiation
±500
±5
(d) X-ray parametric scattering
+500
±5
(e) Mossbauer spectroscopy
±500
±5

3
•a

1000

8.5

9

9.5

10

10.5

11

(Horizontal direction stability requirements)
(a), (b), (c), (d) and (e)
±1500
±15

11.5

Beam Energy (GeV)

Fig. 4

position

Touschek lifetime.
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three precise standardized-unit undulators.2' Each
standardized-unit (1.8m long) is placed very precisely
on a rigid common frame to form a 5.4-m undulator.
We adopted a pure-Halbach type configuration of
NdFeB magnets (remanent field, Z?r=12.8kG; coercivity,
iH=llkOe). The selection of the period (Au=4.5cm)
was made so that a Mossbauer energy of "Fe
(=14.4keV) could be obtained at the first harmonic
under 10-GeV operation of the MR.
Since the support structure of the XU#MR0 is
shaped like the letter "C", it can be installed without
breaking the vacuum of the MR. In order to standardize
the mechanical structure of the XU#MR0 and to make
it applicable to various magnetic specifications, the
following items were considered.

2.4 Emittance Measurement
In a light-source study at the MR the achievement
of a very low emittance is a key issue, and must be
confirmed in a reliable way. Three methods have been
proposed, as presented in the following with comments.
All of them are being prepared to make emittance
measurements of the MR beam.
Visible light has a much longer wavelength (typically
500nm) than the emittance of the MR beam (5nm in the
horizontal and several % of this in the vertical). However,
a beam-size measurement is marginally possible, owing to
the wide opening angle (942|j.rad) of the synchrotron
radiation from the bending magnet. The resolution (42|im)
is comparable to the vertical beam size when the emittance
coupling is several %.
The wavelength of a 100-keV x-ray is sufficiently
short for measuring the MR emittance with high
precision. It will be obtained from the 5th harmonics of
the undulator radiation (K=0.3). The final resolution
may deteriorate somewhat because of a deformation of
the first crystal due to the heat load and mechanical
stress of the cooling water.
The measuring system of the spin-polarization
already in use will be used for the emittance
measurement. This system measures the emittance by
detecting the angular distribution of the Compton
scattering of laser photons from the electron beam.

Table 3

Parameters of XU#MR0.

Magnetic structure
Magnetic material
Period length
Number of periods
Magnet length
Maximum peak field
Maximum K
Range of magnet gap
Aperture

Pure configuration
NdFeB (B =12.8kG, jffe=17k0e)
Ak=4.5cm
120 [=3x(40/unit undulator)]
5.4m [=3x(1.8m/unit undulator)]
5=2.64kG

*r=i.n

3~50cm
2.4cm

S. Kamada

References
1) S.Kamada, et al., the SRI'94 proceedings.
2) K.Oide and H.Koiso, Phys. Rev. E47 (1993) 2010 .
3) Y.Funakoshi, KEK Preprint 94-72.
4) S.Kamada, KEK Preprint 94-176.

3.

SUPER-BRILLIANT X-RAY UNDULATOR
FOR THE TRISTAN SUPER LIGHT
FACILITY

3.1 Prototype Undulator XU#MR0
In order to develop a construction method for very
long undulators, which will be required in the original
TSLF plan,1' we have been carrying out various R&D
studies by building a prototype undulator (named
XU#MR0 : see Table 3 and Fig. 5), which comprises
Fig. 5

P-5

Photograph of the XU#MR0.

Adoption of a spring system
In the present support structure the magnetic
attractive force tends to violate parallelism between the
upper and lower girders on which the magnets are
attached. In order to eliminate this, both girders are
equipped with special spring systems from the open
side of the letter "C" to share the magnetic force. Each
system has a set of springs; the stiffer springs work at
progressively closer gaps to support the load.2)
Although the load shows an exponential dependence on
the gap, it can be approximated by the force-gap
relation of the present spring system.

Flexibility for selection of Xa
The selection of Xu is constrained by the
reducibility of the girder length with respect to XJA for
the pure configuration and XJ2 for the hybrid
configuration. A girder length of 1.8m was selected
due to this viewpoint: in the pure configuration, the
allowable values of Xa from 4 to 12cm are 4.0,4.5,4.8,
5.0, 6.0, 7.2, 7.5, 8.0, 9.0, 9.6, 10.0, and 12.0cm. For
the easy selection of any of these period lengths we can
use a set of parallel plates. Each set has holes through
which the magnets are bolted onto the plates. The pitch
of these holes fits only a particular Xu.
Besides the above items, relaxation of the thermal
expansion should be one of the most significant
problems when we construct very long undulators,
especially in making the vacuum chamber for the outof-vacuum configuration. This problem seems to be
resolved by adopting an in-vacuum configuration of the
magnets, which is also allowed by the present design of
the structure of the XU#MR0.°
The magnetic field of the XU#MR0 is optimized
so that the electron orbit is close to an ideal sinusoidal
curve. For this purpose, the kick-angle of electrons at
each magnetic pole is adjusted on the basis of a precise
magnetic measurement using a Hall generator and a
precise three-axis translation stage. As a coarse
adjustment, the magnets at a pole having a larger kickangle (usually a higher field strength) were exchanged
with those at another pole having a smaller one (a lower
strength). For a fine adjustment, disk-shaped magnet
chips were used in order to decrease the scatter of the
kick-angles. Each holder which mounts the magnet
block has holes in which these chips are embedded
As a criterion for field optimization we used the
following conditions concerning the deflection angle
(O^j,) and the effective amplitude (5) of the envelope of
the electron orbit in order to obtain good transverse
coherence of the radiation: 6^ <<r/ =(X I NXJi112, and S
<or= (X NXuyR/4n. Here, ar' is the divergence angle of
the undulator radiation, having a wavelength of X from
a single electron; ar is the corresponding size of the
radiation. We adopted a value of a / = 4 jarad as the
critical deflection angle, and one of ar= \.%\im as the
critical amplitude, since we designed the XU#MR0 so
that its first harmonic could be tuned at 14.4keV (0.86A
in terms of X) when K=0.91. The optimization was
performed fairly successfully, and the deflections of the
envelope became less than 0.2urad and the amplitude
less than lu,m.

Optimization of magnet-mounting girders
In order to optimize the stiffness of the girders
and to suppress the distortion within an allowable
range, we need to know the maximum force applied to
them. Figure 6 shows the maximum magnetic field at
a minimum gap of 3cm as a function of the magnetic
period length (XJ. Although the longer Xu gives a
higher field and a larger distortion, its increase can be
limited by limiting the maximum value of K. If the
undulator radiation is characterized by K values of less
than 5, the maximum field is limited to below 6.5kG at
Au=8.3cm, as shown in Fig. 6. This value of the
magnetic field gives a maximum attractive force of
1400kgf.; the distortion is suppressed below ljxm
regardless of Xu, by adopting the present design of the
girders, whose height is 35cm.

5

10

15

20

Period length (cm)
Fig. 6

Maximum magnetic field given as a function of Au
(a bold line). The relations of the magnetic field
and Xu with a constant K value are also shown
(thin lines). The maximum field is limited to below
6.5kG at A u =8.3cm under the condition of K
values less than 5.
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The variation in the ambient magnetic field,
which mainly comes from changes in the accelerator
operation and from geomagnetism, is crucial for the
fine magnetic adjustment mentioned here. We devised
a correction system for such a variation, and installed it
in the XU#MR0. This system comprises a detector
using Hall generators and correction coils wound round
the upper and lower magnet arrays of the XU#MR0.
The details have been given elsewhere.3*

MR test BL; 10mA
X =4.5cm, N=120

I

3.2 Practical Source for the SR Test Experiments in
1995

10
10

Although our original plan for converting the MR
was not finally approved, we will be able to carry out
the SR test experiments using the MR in the autumn of
1995. The XU#MR0 will be used for these experiments
as a super-brilliant x-ray source. Although the MR will
not be completely converted, compared to the original
TSLF, we will be able to obtain a natural-beam
emittance of 5nmrad at the MR's operation energy of
lOGeV, owing to an adequate and minimum
modification of the MR lattice for the creation of a free
space for installing the XU#MR0. The spectrum
obtained in this case is also shown in Fig. 7. A
calculation shows that the XU#MR0 is able to produce
quasi-monochromatic x-rays as the first harmonic with
a brilliance of l.OxlO18 [photons/s/mm2/mrad70.1%
bandwidth] in the case of AT=0.97 at 14.4keV, when the
MR is operated at lOGeV and 10mA. By combining 8and 10-GeV operations, a photon energy from 8.4 to
21keV can be covered by the first harmonic, and that
from 25 to 60keV can be covered by the 3rd harmonic.

10

Photon energy (eV)
Fig. 7

Brilliance of radiation from the XU#MR0 in the
cases of 8- and 10-GeV operation of the MR with
the beam current of 10mA. Each curve shows
the locus of the peak position of the n-th harmonic
when Xdecreses from its maximum.

1st unit U

2nd unit U

3rd unit U

before rebuilding the common base
2700

In order to install the XU#MR0 into the MR for
test experiments, some modification of the common
frame of the XU#MR0 is required, since the beam-path
height of the installation point available in the present
conversion of the MR is lower than that planned in an
original TSLF. We have already reissued a slim version
of the common frame, and reassembled three unit
undulators on it. The effects of this reconstruction on
the magnetic field of the XU#MR0 are negligibly small
since reconnection of the unit undulators is made
carefully with an accuracy of ±10|am, as shown in Fig. 8.

Fig. 8

Magnetic field of the XU#MR0 after rebuilding the
common frame, in terms of the electron orbit in it,
is compared with that before rebuilding.

parts will be done successively; at least one unit
undulator between the first and second short parts will
be measured twice as the last unit of the first part and as
the first unit of the second part. By using this scheme
construction of long undulators will be made effectively
since installation of the long undulator to an accelarator
and the magnetic adjustment will be done
simultaneously by installing the parts for which the
magnetic adjustment is completed, prior to the
uncompleted parts.
S. Yamamoto

This also shows that magnetic measurements and
adjustments for the long undulators can be made by
longitudinal connections of those for the short parts,
which comprise several unit undulators. In this case
the measurements and adjustments for neighboring
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lower emittance than that of third-generation light
sources, such as SPring8, ESRF and APS, will be
realized, and, thus, even more brilliant X-rays than
those in case of a single bunch operation will be
obtained from the undulator (XU#MR0) in the X-ray
region. As a typical value, the brilliance will be
2.6xl0 18 photons/s/mrad 2 /mm 2 /0.1%band width at
14.4keV, as the first harmonic when K - 0.95 in the
case of lOGeV and 10mA operation of the MR. Table 4
gives the characteristics of radiation from the
XU#MR0, which is obtained when K is at the maximum
value of 1.07, and the MR is operated at lOGeV with a
ring current of 10mA and an emittance coupling ratio
of 1%. As design parameters of each beamline
component, the highest heat-load condition coming
from the 100mA operation of the MR whith lOGeV has
been considerd.

References
1) The Tristan Super Light Facility; Conceptual
Design Report 1992, KEK Progress Report No. 921 (1993).
2) S.Yamamoto et al., Rev. Scientific Instrum. 66
(1995) 1996.
3) S.Yamamoto, Proceedings of the international
workshop on magnetic measurements of insertion
devices, ANL/APS/TM-13,186 (1993).

4.

BEAMLINE AND RELATED RESEARCH
AND DEVELOPMENT

4.1 Present Status of the Beamline BL-BW-TL
In the previous report we described the basic
design of a test beamline (BL-BW-TL) constructed for
a feasibility study of the SR experiments at the Tristan
MR. After that, the construction of the test beamline
has progressed at a tentative place for the examination.
The design of the beamline has been improved as the
plan for the feasibility study has become concrete.
Here, we mainly describe modifications of the design
and the present status of the BL-BW-TL.
In this beamline, super-brilliant radiation having a
high heat load from the XU#MR0 has to be handled.
The MR will be operated at lOGeV, 10mA and 1, 2, 4
and 8 bunches with an emittance of around 5nmrad. A

Table 4

The design of the beamline was modified as
follows:
a) A fast closing valve (FCV) is not installed, because
there will be no probability of accidental vacuum
leaks at the lower reaches of the beamline for the
short period of SR experiment, which is about 3
months. Actually, there has been no accidental
vacuum leak at which the FCV has to work at the
PF during this decade. Even if an accidental leak
occurs, the ordinary gate-valve system will be able
to take care of it because of the very long and low
conductive vacuum pipes of the beamline.

Characteristics of undulator radiation from the XU#MR0, which is at the maximum K value of 1.07, and when
the MR is operated at 10GeV with a ring current of 10mA and an emittance coupling ratio of 1%.

Total power
Power density
Source size (horizontal / vertical)*
Beam divergence (horizontal /vertical)*,**
Power divergence (horizontal / vertical)*
Beam size at each position from the source point (horizontal / vertical)*,**

Power size at each position from the source point (horizontal / vertical)*

Power flux at each position from the source point

*: These values are twice standard deviations.
**: These are values for the first harmonic (13.4 keV).
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(at 17m)
(at 50m)
(at 85m)
(at 17m)
(at 50m)
(at 85m)
(at 17m)
(at 50m)
(at 85m)

220
22.2
292/35
71/19
127/74
1.5/0.36
3.8/1.0
6.3/1.7
2.5/1.3
6.7/3.8
11/6.4
76.8

W
kW/mrad2

um
urad
urad
mm
mm
mm
mm
mm
mm
W/mm2

8.9 W/mm2
3.1 W/mm2

Most of the beamline components have already
been made, and have been assembled at a tentative
place. We are testing the motion of shutters, slits and
beam-position monitors in a vacuum.
H. Sugiyama

.vacuum chamber wall
water-cooled
copper block

beryllium plate
indium plate

4.2 Design and Construction of the Double-Crystal
Monochromator for the Beamline

explosion bonding

Fig. 9

The double-crystal monochromator on the
BL-BW-TL has a special structure, because the SR
beam is led to the experimental station after it is kicked
down by a first-piece crystal, which is set on the third
basement; the second one is in the experimental station
on the fourth basement, as shown in Fig. 10. The
available range of the Bragg angle of this
monochromator is limited from 18 to 26 degrees
because of a height difference of 4.5m between the
incident and out-going beams and the allowed restricted
space. We need to exchange diffraction orders or
crystals relevantly so as to obtain photons of the
required energy, as shown in Fig. 11.
The first crystal is to be cooled by liquid nitrogen
in a vacuum. The second crystal goniometer, together
with the vacuum chamber, can be moved along the SR

metal o-ring
(HELICOFLEX)

Schematic structure of a beryllium window for
vacuum isolation.

b) A schematic structure of a beryllium window for
vacuum isolation is shown in Fig. 9. A beryllium
plate is mechanically fixed onto a water-cooled
copper block. It is thermally contacted to a copper
block through the indium medium from one side;
from the other side a metal o-ring is used for
vacuum sealing.

Tristan Tsukuba experimental hall

monochromator
1 st crystal
MR Q-magnet

m

L -

Fig. 10 Cross-sectional view of the SR experimental station including the double-crystal monochromator viewed
from the center of the MR.
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4.3 X-Ray Microbeam
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An X-ray microprobe has been expected to be a
promising analytical tool for spectroscopic and
structural studies of the elemental constitution of matter
with spatial resolution. The detectable signals are
fluorescent X-rays, photoelectrons, micro-X-ray
diffraction, EXAFS and so on. Recent advances in Xray optical elements have made it possible to design
various types of X-ray microprobes.
Among them, grazing-incidence mirrors are the
most convenient focusing elements because they can be
used for a wide spectral range. Due to the large optical
abberations inherent to a single grazing-incidence
mirror it was difficult to produce a small X-ray spot of
less than one micron. In order to produce a much
smaller microbeam these aberrations must be reduced.
A Wolter type-I mirror is one of the best grazingincidence mirrors which can considerably reduce
aberrations. Figure 12 shows the parameters of the
Wolter type-I mirror which is being developed for Xrays longer than O.lnm. The Wolter mirror consists of
one paraboloidal mirror and one hyperboloidal mirror
which compensate the aberrations with each other. The
optical alignment of the Wolter mirror becomes
considerably easier compared with that of the
paraboroidal mirror. Figure 13 shows the variation in
the spot size of two mirror systems due to the axial
displacement of the mirrors. If the complete 360-degree
surface of revolution is used for focusing X-rays, it is
theoretically possible to obtain a microbeam smaller
than lOnm. A submicron X-ray microbeam will be
obtained by using only a small part of the aperture.
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Fig. 11 Available energy range for each diffraction when
the Bragg angle is limited from 18 to 26 degrees.

beam axis by about 2.7m on a rigid stage. The second
crystal is also put in a vacuum isolated by beryllium
windows. Welded bellows connect the first-crystal and
second-crystal vacuum chambers. The length of the
welded bellows can be altered by about 2m as the
second-crystal chamber moves.
The co-axes of the first-crystal and second-crystal
goniometers and the linear movement of the second
crystal of the monochromator are controlled by a
feedback system with rotary or position encoders. The
motions of each component are interlocked by
computer control.
The feedback system for goniometers are able to
control the co-axis of HUBER's goniometer 420 even
without a tangential bar with a relative accuracy of
about 1/lOOarcsec. For this purpose we use a rotary
encoder ROD 800 (HEIDENHAIN) and NANO
DRIVE UNIT SF-1 (S.G INSTRUMENTS Co. LTD.)
with an ordinary servo-motor in this system. We use
HUBER's goniometers 430 and 420 for the doublecrystal monochromator. The angle and energy
divergence of the incident X-ray beam can be accurately
measured by means of the double-crystal
monochromator with this precise control system.

Paraboloid

H. Sugiyama & Y. Higashi
Fig. 12 Parameters of a wolter mirror.
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Some preliminary tests with a single paraboloidal
mirror having a small aperture have been made at
beamline 6C2 (see proposal No.93Gl 10). A highly
collimated X-ray beam having a horizontal divergence
of about 6 microradian was obtained by combining a
Si(311) channel-cut monochromator and a single
Si(333). This beam divergence gave us a linear spatial
coherence distance of about 24jxm with an X-ray
energy of 9keV. The figure error of the paraboloidal
mirror was well examined by using a spatially coherent
beam. The surface undulation of several microradians
produced separate micro-spcts in the focal plane. The
final microbeam must be obtained by using the entrance
mask of the mirror. Although the limited aperture of
the mirror was small, the diffraction-limited micro-spot
as small as 5(xm was obtained.
A further improvement can be expected by using
a higher collimation beam. An asymmetric Bragg
reflection of Si(511) having a 39-degree difference
between the crystal surface and the reflecting plane can
produce a 9-keV sub-microradian divergent beam. The
optical system which will be installed at MR is shown
in Fig. 14. The spatially coherent area produced by this
optics can be made larger than 100|im. The final spot
size will become sub-micron, or so.

10

-400

-200

0

200

400

Anglur displacement of the mirror (urad)
Fig. 13 Spot size with angular displacement of the mirror.

Focus

S. Aoki, University ofTsukuba
Wolter mirror

5.
Slit I

•Slit II

PROPOSALS OF SR EXPERIMENTS

5.1 Mechano-Chemical X-Ray Diffraction
Experiments on Single Skeletal Muscle Fibers

MIL Si (220)

5.1.1 Scientific Background

a-39 e

Tension development in skeletal muscle is due to
an interaction between two contractile proteins, actin
and myosin. Myosin hydrolyses an ATP molecule, and
uses its chemical energy to produce a contractile force
in a muscle. Since actin and myosin molecules
polymerize into a helical filamentous form and the
filaments are arranged in a regular array in muscle
cells, it is possible to study their structure in a muscle
using an X-ray diffraction method. Especially, their
structural changes during contraction can be studied by
the time-resolved X-ray diffraction technique. This
would provide a unique opportunity to investigate the
relation between the structure and function of protein

Fig. 14 X-ray microbeam optics.

This optical system does not reguire a very long
source-to-mirror distance, which is usually required
when an ellipsoidal mirror is used instead of a
paraboloidal one. It only requires a collimated beam. A
high collimation of better than 10 microradian can be
accomplished by using a combination of Si crystals,
that is, double-parallel crystals and an asymmetric one.
This also produces a relatively large coherent area
suitable for producing a diffraction-limited microbeam.
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changed. This is useful in studying the relationship
between chemical reactions and conformational
changes of contractile proteins.
By using the intense synchrotron radiation from
the Tristan ring and a small-angle X-ray diffraction
technique, we have proposed to use a single skinned
muscle fiber as a specimen and to study the structural
changes in contractile proteins coupled with the forcegenerating process.

molecules in living cells at a resolution of nanometers
and microseconds. Since the size and periodicity of the
molecular arrangement of actin and myosin filaments is
on the order of nanometers, a small-angle diffraction
technique is required.
A skeletal muscle comprises many elongated
cells, called muscle fibers. In experiments of muscle
physiology, an isolated fiber is commonly used as a
specimen. In a whole-muscle preparation, the
mechanical response that is recorded is an average of
those from many fibers. At a high time resolution this
hampers any accurate measurement, because each fiber
has slightly different mechanical characteristics, and
produces a different mechanical output. In order to
study the mechanical behavior of muscle cells
accurately, a measurement on a single fiber is essential.
In many of the X-ray diffraction studies on
muscles made so far, the specimen was a whole muscle.
This is because the diffraction from muscle, which is
due to the contrast between proteins and water, which
are made of light atoms, is weak. Thus, especially in
time-resolved experiments, in order to collect enough
photons in each time slot it has been necessary to use a
whole muscle, which gives strong diffraction. Recently,
because of the physiological requirement explained
above, several X-ray diffraction experiments have been
made on isolated single-muscle fibers, showing that the
use of single fibers is essential in physiological studies
of muscle. However, such experiments are still
technically demanding compared with those using a
whole muscle, because of the weak diffraction from a
single fiber, which is only 100 |om in diameter.
Thus, intense synchrotron radiation from the
Tristan main ring will be quite beneficial for X-ray
diffraction experiments on single fibers. The most
important advantage is its low emittance, which
provides a small, parallel beam; since a single muscle
fiber is only 100 urn in diameter, the cross-section of
the X-ray beam should be similar in size to match it.
The total flux of X-rays is also high, making it ideal for
single-fiber experiments.
One drawback to using intense X-rays is radiation
damage. It has been reported that a living single muscle
fiber can survive in an X-ray beam of a conventional
storage ring for only a few tens of seconds. However,
we have found that a skinned muscle fiber is more
resistant to radiation damage. Skinned fibers are also
advantageous in that the chemical composition of the
fluid around the contractile proteins can be easily

5.1.2 Experimental Setup
The X-rays will be provided by the doublemonochromator which will be installed for general
purposes. We are currently planning to use radiation
from the ring run at 8 GeV. The monochromators will
be tuned so as to pass 8.5 keV radiation, which has the
highest intensity in radiation from the undulator. The
estimated brilliance is ca. 6.3 x 1018
phs/s/mm7mrad70.1%b.w.; a total flux of ca. 1 x 1014
will be provided in a cross-section of 6 x 1.7 mm
(horizontal x vertical) in 2s after the monochromators at
the 10mm position from the source.
Immediately after this slit, a toroidal mirror will
be placed. This mirror should have a focusing distance
of 2.5 m vertically and 4.5 m horizontally. After the
mirror, a 2-m vacuum pipe with quadrant slits at each
end will be placed. These slits eliminate any X-rays
parasitically scattered by the monochromators and the
mirror; reduction of the low-angle background is
essential for the proposed experiments.
The specimen (a single skinned skeletal muscle
fiber) is placed just behind the second slits. The
specimen is on a remotely controlled movable stage so
that its position can be accurately adjusted to the beam.
Behind the specimen is a vacuum pipe of 2 m in
length. The output diameter is 20 cm so that the smallangle diffraction pattern can be observed. The pipe is
placed on a movable stage to adjust the position of the
backstop, which is at the end of the pipe.
A detector is placed behind the vacuum pipe.
Two kinds of detectors may be used: one is a rotatingdrum type imaging plate detector; the other is an X-ray
image intensifier coupled with a CCD video-camera.
The former is a linear detector with a maximum time
resolution of 27 msec; the latter is an area detector with
a time resolution of 33 msec. These two detectors will
be used according to the requirements of the
physiological experiments.
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5.1.3 Physiological Experiments

source is indispensable for microprobe experiments,
because the flux of the microbeam is limited by the
source brilliance, due to emittance conservation in the
optical system. We have tried to generate a hard X-ray
microbeam at the PF 2.5-GeV storage ring bending
magnet station,1'4' and recently achieved a submicrometer focused beam size. However, the beam
intensity is far from that needed for practical use (only
about 102cps-104cps). By using TSLF, a much higher
beam intensity of about 10'cps is expected.
Micro-structures in semiconductors (LSI) and
magnetic storage are on the sub-micrometer scale at
present, and will approach 0.1 Jim in the future. These
sub-micrometer structures are usually observed and
inspected using a scanning electron microscope.
However, only the surface regions can be detected by
an electron probe, and radiation damage is very serious.
The hard X-ray microprobe has the following
advantages:
1) large penetration and low radiation damage;
2) low-background noise: trace-element mapping, and
mono-atomic layers are easily detected by a
fluorescent X-ray analysis;
3) micro-XAFS (X-ray absorption fine structure)
spectroscopy for structure analyses of small
samples or small areas in samples. Chemical state
imaging by utilizing the absorption-edge chemical
shift and/or differences in XAFS is possible using a
wavelength-tunable microprobe. The magnetic
domain and Bloch wall can be observed by using
magnetic circular dichroism (MCD). However,
MCD imaging is not possible at TSLF because of
the planer undulator source.

Currently, two experiments are being considered.
One is a length-oscillation experiment. A single
skinned fiber is connected to a motor; its length is
changed sinusoidally at 0.5-4 kHz with an amplitude of
a few %. Using the rotating-drum imaging plate
detector, the intensity change of the meridional
reflection from the thick filament at a 14.5 nm Bragg
spacing is monitored during the oscillation of activated
fibers. The intensity of this reflection is sensitive to
any conformational change of the myosin crossbridges, especially a conformational change along the
direction of the filament, which may take place during
force generation.
Another experiment makes use of caged-ATP
which is a chemical compound that releases an ATP
molecule upon photolysis. ATP, which is the energy
source of muscle contraction, binds to myosin and
modifies its interaction with actin. It is thus possible to
study the kinetics of structural changes in the muscle
proteins during force generation process using cagedATP. All X-ray diffraction studies using caged-ATP
have been made on a limited number of reflections,
such as the equatorial reflections. We aim to record the
full two-dimensional pattern using the X-ray image
intensifier and the CCD video-camera to study any
changes in other reflections, so that a more detailed
analysis of the behavior of myosin heads and changes
in the actin structure can be made.
N. Yagi, Tohoku University and
K. Wakabayashi, Osaka University

5.2.2 Experimental Plans for X-ray Microprobe
5.2 Hard X-ray Microprobe and Scanning
Microscopy Experiment

By utilizing the above-mentioned advantages, we
are planing the following experiments at TSLF:
1) Dislocation and impurity imaging for singlecrystalline semiconductor materials. For instance,
the relation between the lattice strain (or
dislocation) and deposited pattern (or impurity
mapping) can be studied by simultaneous imaging
with scanning-diffraction topography and traceelement analysis by fluorescent X-ray
spectroscopy.5' It is also possible to analyze the
chemical state of a small region of interest on the
u.m scale size by means of a micro-XAFS
technique.

5.2.1 Introduction

An X-ray microbeam is considered to be one of
the keytechnologies in a third-generation highbrilliance SR source. Achieving an X-ray microprobe
with a sub-micrometer spot size is expected to add a
new dimension to various X-ray analysis methods, such
as scanning microscopy, micro-diffraction, absorption
spectroscopy and fluorescent X-ray analysis. Hard Xray microbeam projects are planed and progressing in
third-generation SR facilities. A high-brilliance X-ray
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2) Observation of the domain structure in a monolayer
polymer film as Langmuir-Blodgett films by
means of trace-element mapping. The sensitivity
for trace elements will be much higher than 1012
atoms/cm2, and a submicron resolution will also be
achieved by using TSLF. It will also be possible to
measure 3-dimensional mapping of metal atoms
using the fluorescent X-ray interference method.6'
The domain structures of over-turning in
Langmuir-Blodgett monolayer films may be
detectable by this method.

M2

Fig. 15 Schematic diagram of elliptical Kirkpatrick-Baez
microprobe. S, X-ray source; M1 and M2;
elliptical; Mirrors; and F, focal point.

5.2.3 Experimental Setup for TSLF Hard X-ray
Microprobe
We are now developing three types of optical
devices for a hard X-ray microprobe, and an evaluation
of the optical elements is now being performed at
experimental station BL-8C2 of the PF 2.5-GeV storage
ring: elliptical Kirkpatrick-Baez (KB) optics with totalreflection mirrors, bent-cylinder KB optics with
multilayer mirrors, and sputtered-sliced Fresnel zone
plate (FZP) optics. Here, we describe these candidates
of optical systems for TSLF microprobe experiments.

focused spot size of about l(j.m was achieved at 6keV,
and a periodic resolution test pattern with a 0.6um line
and space was resolved in a scanning-microscopy
experiment.2'3' The design values of a microprobe with an
elliptical KB mirror system for the TRISTAN test
beamline is listed in Table 5. The results of Monte-Cairo
ray-trace-simulation are shown in Fig. 16. The effects of
the depth of the undulator source were evaluated in the
ray-trace-simulation by changing the distance between
the source and the focal point. When the distance was
changed by ±10m, no significant deformation or motion
of the focused beam was found, as shown in Fig. 16.

1. Elliptical KB Total Reflection Optics'3'
A schematic diagram of the elliptical KB optics is
shown in Fig.15. The elliptical KB optics use a pair of
elliptical cylinder-shaped mirrors arranged in the
Kirkpatrick-Baez configuration. An X-ray beam from
the light source (S) is focused by a pair of elliptical
cylinder-shaped mirrors (M, andM2). The first mirror
(M,) focuses the beam in the vertical direction and the
second mirror (M2) focuses the beam horizontally. A
demagnified image of the light source is generated at
the focal point (F) where the samples are set. In the
grazing-incidence optics, the focused spot size is
limited mainly by a strong astigmatism and a spherical
aberration. Compared with the Wolter mirror, the
elliptical KB optics have a strong coma and field
distortion (or field obliquity). However, their on-axis
focusing properties are nearly perfect, i.e., radiation
from a point source is focused on a point by the
elliptical KB mirror system. Therefore, diffractionlimit-focusing can be achieved if light sources with a
sufficiently small source size are available and the
optical elements have sufficient accuracy.

2. Multilayer KB optics
KB optics with a cylindrically bent multilayer
reflector have been developed and tested at BL-8C2,
and a focused beam size of 1.2 micron has been
achieved at an X-ray energy of lOkeV (unpublished
data).
3. FZP optics
A sputtered-sliced FZP fabricated by Kamijio and
Tamura4' at Osaka National Institute has been tested,
and a focused beam size of 0.9 |a.m has been achieved at
an X-ray energy of 8 keV. However, an FZP is not
practical at the bending magnet beamline because of
the low efficiency (about 4%) and small numerical
aperture. The total photon flux available at the bending
magnet station of the PF 2.5-GeV ring (BL-8C2) is
much less than 103cps at present. However, a beam
intensity higher than 106cps is expected at TSLF. The
design parameters of FZP microprobe optics for TSLF
are listed in Table 6.

In a preliminary experiment at the bending magnet
beam line (BL-8C) of the PF 2.5-GeV storage ring, a
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Table 5 Design value of X-ray microprobe I (elliptical Kirkpatrick-Baez optics)
Optics:
Monochromator:
X-ray wavelength range:
Source size (assumed):
Distance between source and focal point:
Divergence of radiation accepted by mirrors:
Focal length:
Mirror length:
Average glancing angle:
Critical wavelength:
Nominal demagnification:
NA:
Calculated spot size (FWHM):
Diffraction limit:
Photon flux at sample point:
(B=2*1018photons/s/mm7mrad70.1%bandwidth is assumed)

single stage elliptical Kirkpatrick-Baez
Si(220) double crystal
5AA=6 x 10'5
from 1.0Ato2.0A
0.3mm x 0.05mm
100m
0.9(jjad x 0.9urad (half angle)
120mm for first mirror (MJ
60mm for second mirror (M^)
60mm (both M, and M2)
3mrad
0.9A (copper mirror)
1.2xlO.-3forM1
0.6xl0 3 forM 2
0.8xl0' 3 forM,
1.8xlO' 3 forM 2
0.06umx0.14|im
60nmx30nmatl.0A
120nm x 60nm at 2.0A
about 5 x 1 0 ' photons/s

Table 6 Design value of X-ray microprobe II (Fresnel zone plate optics)
Optics:
Monochromator:
X-ray wavelength
Source size (assumed):
Distance between source and focal point:
Divergence of radiation accepted by mirrors:
Focal length:
Diameter of FZP:
Nominal demagnification:
NA:
Calculated spot size (by geometrical optics):
Diffraction limit:
Photon flux at sample point:
(Efficiency of 5% is assumed)
(B=2*1018photons/s/mm7mrad70.1%bandwidth is assumed)

single stage Fresnel Zone Plate
Si(220) double crystal
8XA=6 x 10 s
1.54A
0.3mm x 0.05mm
100m
0.4urad x 0.4urad (half angle)
132mm at 1.54A
80um
1.3 x 10'3
3 x 10"
0.4um x 0.07um
0.31um.
about 3 x 10' photons/s

4. Other setup for scanning microscopy experiments
A newly developed mechanism and electronics
for microscopy have already been installed at BL-8C2.
It has an optical element alignment stage with four
degrees of freedom, 4 channel counters, 4 channel
frame memories (512 x 512 pixel), and an imageprocessing computer. These setups will be moved to the
TSLF experimental station for microprobe experiments.
Y. Suzuki, Advanced Research Lab., Hitachi, Ltd.
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Fig. 16 Monte-Carlo ray trace simulation for ellipical Kirkpatrick-Baez optics.
The design parameters are listed in table 1. L, source to focus distance.
The focal spot is scarcely affected by the source motion along the optical axis.
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5.3 SOLID-PHASE CRYSTALLIZATION OF
SEMICONDUCTORS WITH X-RAY
IRRADIATION

o

j

Solid-phase crystallization (SPC) of amorphous
semiconductors by X-ray irradiation using synchrotron
radiation is a promising technique for controlling the
growth rate, selective growth and fabrication of nanostructures. From experiments for amorphous silicon (aSi), it has been supposed that core-electron excitations
by X-rays result in nonthermal atomic rearrangements
which cause an enhancement of the SPC. However, the
mechanism for nonthermal formation of this atomic
structure has not been made clear.
Figure 17 shows the X-ray irradiation time
dependence of the SPC of a-Si by post-thermal
annealing. The a-Si specimens were irradiated by white
X-rays at a substrate temperature of 40-50°C (BL-15B,
2.5GeV, ~300mA). Post-thermal annealing was
performed at 600°C for 30 minutes for all specimens.
The Raman parameters for the specimen are plotted
against the irradiation time. It is clearly seen that the
crystallinity increases along with the irradiation time up
to 5hrs. This means that the structure change of the a-Si
network is not saturated for this irradiation time,
whereas the dangling-bond density tends to saturate
after several minutes of irradiation. Therefore, it is
necessary to confirm using more brilliant X-rays how
much dosage of X-ray photons is required for a
maximum enhancement of the SPC by this
crystallization technique.
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Fig. 18 Pre-irradiation time dependence of crystallization
parameters of a-GaAs during in-situ annealing.

As for the nonthermal rearrangements of atoms by
X-rays, the authors have considered the coulombic
repulsion between multiply-ionized atoms, although the
life of such ionized state is not known. Fig. 18 shows
the X-ray irradiation effect on the solid-phase epitaxy
of amorphous GaAs formed by heavy ion-implantation.
(The irradiation conditions are the same as for Fig. 17.
Li this case, in-situ annealing was performed.) It can be
seen that both the onset temperature of epitaxy and the
averaged growth velocity is lowered by X-ray
irradiation. Since this effect does not depend on the preirradiation time, it can be supposed that X-ray photons
break Ga-As bonds at the growing interface^ The solidphase epitaxy of a-GaAs has been considered to be
rate-limited by microscopic stoichiometry of GaAs at
the growing interface.) For a selective treatment of
compound semiconductors, it is necessary to clarify by
experiments using monochromated X-rays as to
whether this bond breaking is due to core-electron
excitations or not.

(X10' 2 )

3
\
w
z111

non-Irradiated
IRRADIATION TIME (sec)

F. Sato, NHK Science and Technical Research Labs.

Fig. 17 Irradiation time dependence of Raman
parameters for post-thermally annealed
specimens.
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Here, x and x' are the incident and scattered X-rays,
respectively; 1 is the optical photon and G is a
reciprocal-lattice vector. From eqs (1) and (2) we can
expect a satellite to exist at the tail of a higher angle
side of the Bragg scattering.
A more reliable experiment has recently been
performed at an undulator beam line (AR NE-3) at
KEK, which is operated in the single-bunch mode.
Incident X-rays have been monochromated by a Si(l 11)
double-crystal monochromator within a resolution of
leV to an energy of 4.66eV; the double energy of the
optical photon, is higher than the energy of the Gd L2
absorption maximum. Second higher harmonics of a
pulsed Nd-YAG laser 50 Hz in repetition and 2 nsec in
width have been utilized as the laser beam. Under the
condition described above, the satellite has been
expected to appear at a 268" higher angle side of the
444 Bragg reflection. The simultaneous irradiation of
an X-ray beam and laser beam has been performed by
referring to the ring control timing signal. The intensity
profile has been measured with respect to the rotation
of the crystal. Two kinds of the profiles have been
measured simultaneously: one is gated by the laser Qswitch trigger; the other is ungated.

5.4 X-RAY PARAMETRIC SCATTERING

X-ray quantum optics is an important subject in
coherent X-ray physics which will be fully developed
by using the X-ray FEL in the near future. Most of the
characteristics of the quantum optics appear in nonlinear optical phenomena. There have been few
observations of X-ray non-linear phenomena. The
nature of X-ray non-linear phenomena has yet to be
revealed. Because of the poor coherency of synchrotron
radiation at present, there is little hope to observe nonlinear phenomena that include many X-ray photons.
However, non-linear phenomena including laser
photons and one X-ray photon can be observed.
Investigations of this phenomena would lead to a better
understanding of the characteristics common to X-ray
non-linear phenomena.
X-ray spontaneous parametric scattering" is a
well-known quantum optical phenomenon; an incident
X-ray field couples with a field due to a vacuum
fluctuation through a higher order susceptibility of the
material, resulting in two-photon scattering. These
phenomena, in which both scattered photons are in the
X-ray region,2' or one photon is in the X-ray region and
the other photon is in VUV region,3' have already been
observed. However, the case in which one of the two
photons is in the optical region has not been observed
yet because of its small scattering probability; it is on
the order of 10"9 compared to that of photons scattering.4'
We can expect the emission of optical photons to occur
as an induced process, provided an intense laser field
exists. In this case, the scattering probability of that Xray parametric scattering can be enhanced enormously.
Estimating from laser assisted X-ray absorption under a
107W/cm2 laser field,5' the scattering probability of the
X-ray parametric scattering amounts to 10'4 of that of
photon scattering.

The gated profile normalized by the ungated
profile exhibits an intensity enhancement at the region
expected based on the phase-matching conditions. The
width of the enhancement agrees well with that of the
444 Bragg reflection. The enhancement amounts to
about 3% of the background intensity in this region.
This value corresponds to lxlO"s of the intensity of the
444 Bragg reflection. The scattering probability of the
relevant phenomenon amounts to 10"4 of that of normal
one-photon scattering if we consider the effective
number of atoms contributing to the relevant structure
factor. These results strongly suggest that the observed
intensity enhancement is due to the X-ray parametric
scattering induced by a strong laser field.

Adopting a GGG single crystal as a sample, we
presume such a resonance scattering process in which
the 2p electron in Gd is excited into an empty 5d band;
an intra-band transition then takes place by the
stimulated emission of two optical photons; finally, the
emission of an X-ray photon takes place. This process
occurs effectively under so-called phase matching
conditions, as follows:

The advanced nature of the X-ray in Tristan Super
Brilliant Light Facility is characterized by its ultra
small beam size, super brilliance, very narrow pulse
width and long pulse interval. As a result, a
distinguished improvement in the spatial coherence is
realized in TSLF radiation. Thus, the phase-matching
condition is satisefied over a wide region of the crystal.
The radiation damage is diminished by using a laser
pulse as short as that of the X-ray pulse. This fact
enables us to focus the laser beam upon the sample. In
this case, the scattering probability increases bilinearly

(1)
and
kx-kx-2k1+G.

(2)
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to the laser-beam brilliance. These characteristics of the
X-ray parametric scattering, stimulated by an intense
laser field, enhances the scattered intensity. An energy
analysis of the satellite reflection will be possible.
Investigations of these characteristics reveal in the Xray region the meaning of the concept peculiar to such
nonlinear phenomena as the phase-matching condition,
non-linear susceptibility and the temperature inversion
in the induced process. These concepts are the key
factors to open the field of the X-ray quantum optics
when the X-ray FEL is realized in the near future.

diffractometer system is based on that constructed for
studying nuclear resonant scattering at the TRISTAN
Accumulation Ring. The diffractometer system
comprises four-component goniometers, the main
rotation axes of which have an accuracy of less than 0.1
arcsec and lie in the horizontal plane. Each component
goniometer is mounted on a vertical (z direction)
translation stage, which is assembled on a horizontal xy stage attrached to a cast-iron base. A precise slit
system with an accuracy of 1 (j.m was also constructed,
which is an important instrument for this experiment.

K. Namikawa, Tokyo Gakugei University
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5.5.2 Ultrahigh Monochromatization of
Synchrotron Radiation
5.5.2.1 Use of a Nuclear Monochromator
As a nuclear monochromator an a-57Fe203 hematite
crystal is planned to be used for this experiment. It
provides an ultrahigh monochromatic beam with an
energy width of less than 1 meV. Single crystals of
57
Fe-enriched a-57Fe203 were grown by the PbO-V2Os
flux method; nearly perfect crystals were obtained. The
maximum counting rate of nuclear Bragg scattering
(14.4keV photons) using the best crystal with (777)
reflection was as high as 2xl04cps, which was observed
using synchrotron radiation from the TRISTAN
Accumulation Ring.

5.5 Photon Correlations in the X-ray Region
The high brilliance of synchrotron radiation from
an undulator which is planned to be installed in the MR
will enable us to obtain highly monochromatic X-rays
(highly temporally coherernt X-rays) by means of an
ultrahigh-resolution nuclear monochromator or a highresolution silicon monochromator. In addition, the
source size in the MR is very small, and the spatial
coherence of the beam is high. By using highly
temporally and spatially coherent X-rays the
observation of the photon correlations of the Hanbury
Brown and Twiss type may be realizable in the X-ray
region. It is expected to observe the bunching effect of
X-ray photons. This experiment is also useful for
characterizing the source size of synchrotron radiation.
We are now developing instrumentation for this
experiment, as follows.

5.5.2.2 Use of a High-Resolution Silicon Monochromator
Another candidate for monochromatization of
synchrotron radiation is a silicon monochromator based
on the usual Thomson scattering. Hitherto, an energy
width down to about 10 meV has been achieved by
using asymmetric reflection and extreme backreflection. To obtain an energy width of about 100
meV a new type of silicon monochromator has been
designed which will be operated under consecutive
extreme asymmetric reflections. It will be worked well
for synchrotron radiation source with a small size. If
this monochromator is completed, it can be used more
effectively for this experiment.
A nuclear monochromator of a 57Fe2O3 crystal or a
high-resolution silicon monochromator is arranged in
the precision goniometer system. After limiting the
beam cross section by a precise slit, a highly
monochromatized X-ray beam splits into two using
diffraction by a silicon crystal. Two fast avalanche

5.5.1 Construction of a Precision Diffractometer
System
A precision diffractometer system was designed
and constructed. The mechanical design of the
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photodiode detectors are arranged so as to detect
photons coming from the crystal along two directions.
The intensity fluctuations due to the arriving time of
photons are measured.

J . U J 1 U 100.0

100.0 r

S. Kikuta, University of Tokyo

B. VUV-FEL
1.

VUV-FEL AT THE PF RING

1

10

100

Average Beam Current (mA)

Since 1992,development of a short-wavelength
free electron laser (FEL) in a vacuum ultraviolet region
has been made using a transverse optical klystron
(TOK) located in the straight section, B01-B02, of the
Photon Factory (PF) ring. For the first step, properties
of the spontaneous emission obtained from the TOK
were studied prior to the FEL gain experiment at 177
nm (the 6th harmonic of the Nd-YAG laser).

2.

Fig. 19 The bunch length and peak beam current at
0.75GeV

3. FEL OSCILLATOR
The main parameters of the TOK are listed in
Table 8. Fig. 20 shows the positron trajectory for
various Nd values. The number, Nd, is given by

LOW ENERGY OPERATION OF THE PF
RING AT 0.75 GEV.

For the FEL experiment, positron energy was
lowered from the nominal energy of 2.5 GeV to 0.75
GeV. The beam parameters at 0.75 GeV are listed in
Table 7. The RF feedback system was used to suppress
the longitudinal beam instability for the FEL
experiments. "
The bunch length of the positron beam was
measured by the streak camera. As shown in Fig. 19,
the bunch length becomes longer with the beam current,
so that FEL gain may be reduced at the beam current
higher than 5 mA (average current).
Table 7

where Ld and B(z) are the length and the magnetic field
of the dispersive section of the TOK, respectively. The
optimum Nd for the highest FEL gain depends on the
energy spread as shown in the following equation;

Beam parameters at 0.75 GeV

beam energy
number of bunches
beam emittance
bunch length(2a)
peak current
energy spread
life time
accelerating frequency
injection energy
time of reducing energy

Table 8

Parameters of the TOK

periodic length
number of periods
max. magnetic field
max. deflection parameter
N<
length of dispersive section

0.75GeV
lor 4
~10nmrad (full coupling)
(SOpsec
20A
-3.8*10^
~45 minutes
500.1MHz
2.5GeV
-10 minutes

P-20

9cm
19+19
0.7tesla
5.9
90 to 200
38cm

E=0.75GeV,I =2.5mA,I

=20.6A
peax

160

Fig. 21 a

-250

165
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Typical TOK spectrum obtained in the single
bunch operation (P=5m)

2000

Fig. 20 Positron trajectiory in the magnetic field of the
TOK
160

Fig. 21 b

4. SPONTANEOUS EMISSION
The spontaneous emission from the TOK was
measured in the FEL beam line located at the
downstairs of the straight section. Fig. 21a and 21b
show the typical spectra for the betatron function, 5m
and lm, respectively. The TOK spectrum is given by

dQdo)

TOK

dQd(o

5.

16S

170

175

180

185

190

Typical TOK spectrum obtained in the single
bunch operation ((5=1 m)

FEL GAIN

According to the one-dimensional plane-wave
approximation, the maximum FEL gain for the TOK
can be obtained as

Fmcos(a)}
undulator

= 0.926^1 + ^p
where GU is the FEL gain of a single undulator, and Fm
is a filling factor corresponding to the overlap of the
positron and laser beams. We define Ffil, as

where Fm is a modulation factor giving the strength of
oscillation in the TOK spectrum. The modulation factor
is reduced by various inhomogeneous effects; for
example, the energy spread(8y/Y) and the angular
spread of the positron beam. From the spectra observed,
Fm is estimated as 0.58 at p=5m and 0.46 at p=lm.

1
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where w0 is the laser waist size and a is the positron
beam size at the center of the TOK. If the betatron
function is set at lm and a w0 at 240jim, the highest FfUl
that can be obtained is 0.59. Therefore, the maximum
FEL gain is expected to be 11.5% at the peak beam
current of 20A. Considering the TEM00 mode laser
beam, however, Ffill may be somewhat lower. So, the
FEL gain may be also lowered to some extent.

the TOK is composed of three LiF lenses with focal
lengths of lm, which should be located in the beamline
so as to obtain a waist of wo=24O p,m at the center of
the TOK. Fig. 22 shows the calculated laser beam size
in the beamline. Waist size measurement will be made
during the shutdown period next summer.

7. MONITOR SYSTEM
6.

THE LASER SYSTEM AND BEAMLINE

In the FEL gain experiment, spatial overlap
between the positron beam bunch and the VUV laser is
required. To realize that, a precise profile monitor is
required. However, the spontaneous emission has
longer wavelength radiations off axis, which may
reduce accuracy in determining the central position of
the radiation. To avoid such a problem we have
developed a profile monitor having a monochromator
system with an incident pinhole of 100 p.m in diameter.
Therefore, we can obtain the precise central position of
the spontaneous emission having a wavelength of 177
nm. Fig. 23 shows a profile of the spontaneous emission
measured at 177 nm. The solid curves were obtained
from the least squares fit of Gaussian distribution. In
this measurement, the orbit of the positron beam was
stabilized by the transverse feedback system composed
of four steering magnets and two beam position
monitors located at both ends of the TOK.

Table 9 shows the parameters of the laser system
for the FEL gain experiment. The VUV laser at 177 nm
is obtained by 6th-harmonic generation using an
amplified Nd-YAG laser with three kinds of crystal;
KTP, BBO, and KB5. Since the VUV laser is of multimode in the transverse direction, TEM,,,, mode should
be selected by using a spatial filter. The beamline for
the transportation of the VUV laser from the filter to

Table 9

Parameters of the laser system

mode-lock YAG laser
mode-lock frequency
regenerative YAG amplifier
reputition rate
pulse energy at 10640A
pulse duration
Harmonic generation
harmonic crystal
SHG
THG
5HG
6HG
max.pulse power

83.35MHz(=frf/6)
50Hz
30mJ
80psec

Reference
1) Photon Factory Activity Report #10(1992)p.R-5

KTP
BBO
BBO
KB5
-100KW

o.oi

^.vertical
center=6.43mm
(±0.10)
CT-6.19mm

0.001
HJ
ISI
00

0.0001 =

lO"'
-25

§

-20

-IS

-10

-5

Distance (m)
Fig. 23 Spatial profile of the TOK spontaneous emission
Fig. 22 Laser waist size in the FEL beamline
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C. KEKB
1.

LER

OVERVIEW
WIGGLER

The KEKB is an asymmetric, double-ring
electron-positron collider, which will be optimized for
detailed studies on the decay of B mesons. (The
majority of the research topics is to study CP violation
in the decay of neutral B mesons.) The KEKB will be
built inside the existing tunnel for the TRISTAN main
ring (MR). A schematic layout of KEKB is shown in
Fig. 24. The high-energy ring (HER) will store
electrons at 8 GeV, and the low-energy ring (LER) will
store positrons at 3.5 GeV.
Two major goals of the upgrade of the Injector
Linac (formerly 2.5 GeV) are:
1) To increase the energy of electrons and positrons so
that they can be injected into the HER and LER of
KEKB at full energy (8 and 3.5 GeV, respectively),
and
2) to increase the bunch intensities of positrons by
roughly one order for efficient fills.
Table 10 (1) through (4) show the parameters of
the injector before and after the upgrade. The specific
work involves the followings:
1) Successive replacement of the rf power sources
with higher-power klystrons having rf pulse
compressors.
2) A small extension of the total linac length.
3) Relocation of the positron production target so that
positrons are produced with electrons at 3.7 GeV
(formerly 0.25 GeV).
The pre-upgrade linac consists of six sectors,
called P, 1, 2, 3, 4 and 5. A regular sector consists of
eight accelerator units, each of which includes four 2-m

HER

PF2.S-G8V
STORAGE RING

Fig. 24 A schematic plan view layout of KEKB.

accelerator guides. The accelerator guics? in each unit
is to be driven by divided rfs, fed by a klystron. In the
upgrade, two new sectors will be added to the linac;
they will be renamed A, B, C, 1, 2, 3,4 and 5, as shown
in Fig. 25. Sectors A, B and C are those to be newly
built. Sector A will have a pre-injector to produce
intense single bunches. It will include double subharmonic bunchers (SHBs), followed by three
accelerator units. Sectors B and C are to be regular
accelerating sectors. Sector 2 will be rebuilt so as to
include a positron generator by moving Sector P to this

Sactor P (positron ganarator)
Poaltron
Qun
Radiator

Fig. 25 The linac re-formation from the 2.5-GeV linac (upper) to the KEKB 8-GeV injector (lower).
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Tables 10 Changes in the linac major parameters from the present to KEKB.
(1) INJECTION BEAM

(2) MAIN ACCELERATOR
PRESENT

KEKB

PRESENT

energy [GeV]

frequency [MHz]
2856
2856
filling time [us]
0.5
0.5
structure
('T.W., 2jc/3-mode, semi-C.G.)
unit length [m]
9.6
9.6
number
(total)
46
57
(before e*radiator)
3
26
(stand-by, energy-tuning)
-3+1
4+2
energy gain [MeV/unit]
(w SLED)
160
(w/o SLED)
62.5
90
input rf power [MW] / unit
20
40
energy multiplication
1.8

2.5
8.0
(e)
2.5
3.5
(e*)
pulse length
< 2 n s single bunch
bunch width (o,) [ps]
—5
-5
particle [x 10']/pulse, (charge,[nC/pulse])
2 (0.32)
8 (1.28)
(e)
4 (0.64)
0.2 (0.032)
(O
pulse repetition [pps]
25
50
emittance [x 10'8 m]
4
6.4
(e)
80
88
(e*)
energy width [%]
(e-)
0.2
0.125
0.22
(e+)
0.25
(3) PRE-INJECTOR

(4) POSITRON PRODUCTION
PRESENT

Gun
type
norm. emit, [m]
lst-subharmonic buncher
frequency [MHz]
field-strength [MV/m]
2nd-subharmonic buncher
frequency [MHz]
field-strength [MV/m]
1st- and 2nd- prebuncher
frequency [MHz]
phase velocity
Buncher
frequency [MHz]
phase velocity
Output beam
energy [MeV]
energy spread (oE/E) [%]
norm. emit, [m]

KEKB

KEKB

triode
5 x 106

triode
5 x 10'6

119.00
4

114.24
4

Radiator
material
thickness [mm]
diameter [mm]
Primary electron
energy [GeV]
particle /pulse
(charge [nC]/pulse)
energy width [%]
Positron production rate
after the solenoid [%]
final [%]
Forcusing system
norm, acceptance [m]

571.20
4
2856
0.7c

2856
0.7c

2856
0.7c

2856
0.7c

50
0.6
~6xlOs

50
0.6
~6 x 10'5

location. In Sectors 1, 3,4 and 5, the component layout
will not be changed, or changed only slightly.
The pulse energy of the pulse modulators will be
increased by a factor of two. This will be achieved by
increasing the total capacitance of the PFN (pulseforming network) while maintaining the same charging
voltage. All of the 30-MW klystrons will be replaced
by 50-MW types. Rf pulse-compressors will be
installed at the klystron output with a small
modification of the waveguide system and
improvements in the vacuum system. The modulators

PRESENT

KEKB

Ta
8
8

W
16
8

0.25
1 x 10"
(16)
0.45
(eVe" GeV)
6.5
1.8

3.7
6 x 1010
(10)
0.45

6 x lO 3

6.5
>1.8
6 x lO3

will be relocated to the old Sector P and Sector 2.
The number of accelerator units is to be increased
from 46 to 57. The average energy gain of each unit
will be 160 MeV by using an rf compressor. The full
acceleration energy without beam loading will reach
about 9 GeV. Extra energy over 8 GeV (13%) will be
used to compensate for any gain loss due to defective
units, energy-spread adjustment or energy tuning.
In the pre-upgrade, linac positrons are produced
with 0.25 GeV primary electrons, where the production
rate of positrons from electrons is to be 1.8% eVe" GeV"1.
P-24

Assuming that the positron production yield is
proportional to the primary electron energy, the
expected positron charge after the upgrade will be 0.67
nC in each pulse, when primary electron pulses are 3.7
GeVandlOnC.

drive system
Pulse
Compressor

WL

T

WL

\ AA

o

V V \

vy\

S-\NL
3dBHybrid

2. HIGH-POWER TEST OF A NEW-TYPE RF
PULSE COMPRESSOR

\

A high-power model of a new-type rf pulse
compressor utilizing a coaxial traveling-wave resonator
was fabricated and tested at high rf power level using
the 46 MW klystron. A photograph of the high-power
model of the pulse compressor is shown in Fig. 26.
The cavity was assembled by silver and gold brazing.
The surface flatness of the cavity inner wall is OA/jm.
The measured rf characteristics of the cavity were as
follows: the resonant frequency was 2.858 GHz, the Qvalue (unloaded) was 4,800 and ft was 2.7.
A schematic drawing of the high-power test setup
is shown in Fig. 27. Before rf-conditioning, the entire
system, including the waveguides, 3dB-hybrid and
water loads were baked at 100°C for 4 hours. During
rf-conditioning, the vacuum-pressure interlock used to
stop the klystron was set at 2xlO'4Pa. After 240 hours
of processing, the klystron output power reached
45MW with a pulse width of 3.8^s and a repetition rate
of 25 pps. An example of the output waveform from

KLY: 46MW Klystron
W L : Water Load
IP : Ion Pump (601/s)
T : T-junction
Fig. 27

Schematic drawing of the high-power test setup
of the pulse compressor.

the new-type rf pulse compressor is shown in Fig. 28.
At 45MW input power, a peak output power of 201MW
and an average power gain of 3.07 were obtained. The
flow rate of the cooling water (30 ±0.1°C) for the cavity
was 80 1/minute and the temperature rise of the cavity
was 1.1°C at 45 MW input power. The dose-equivalent
rate was 28 jitSv/h at a point 2 m away from the cavity.
The maximum measured energy of the AT-ray was 800
keV.

Fig. 28

•--'/. o

Fig. 26

WL

A A

v y»
WL

High-power model of the traveling-wave
resonator pulse compressor.
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Output wave form from the new-type rf pulse
compressor. Pulse width and phase switching
times are 3.8 us and 3.2 /is, respectively.

3.

50-MW KLYSTRON DEVELOPMENT

These results agree with the design predictions.
Figure 29 shows one of the input-output
characteristics with the FCI prediction, which is the
particle-in-cell code developed by Dr. Shintake. The
saturation point of the output power strongly depends
on the magnetic-profile, especially the field near the
input-cavity and the second cavity, which corresponds
to the well-known gain section. Figure 30 shows the
output-power characteristics as a function of the
applied beam voltage. Figure 31 shows the waveforms
of the beam-voltage pulse, the beam-current pulse and

Concerning the newly designed 50-MW klystron,
four prototype tubes were manufactured by two
companies and tested; the tube names are the PV3050
(MELCO: Mitsubishi Electric Corp.) and the E3730
(Toshiba), respectively. Since both tubes were
manufactured in accordance with KEK specifications,
their interaction regions are the same and the overall
size is also the same; the same focusing magnet, X-ray
shield and socket must be mated with them. The rf
window and the high-voltage ceramic-seal were
designed by the manufacturers individually. The
window of E3730 is of the long pill-box type. The
shapes of the high-voltage ceramic are oval and conical
in the PV3050 and E373O, respectively.
An output power of 50 MW and an efficiency of
45-46% were achieved in company and KEK tests. So
far, the characteristics of the four tubes vary slightly;
the required voltage for a 50-MW output power was
slightly higher than that predicted (PV3050#l and
E3730#l), and the input power at the saturation point
was also larger than that predicted (PV3050#l). Since
some instability was observed in the E3730#l, this tube
should be improved. The nominal micro perv is usually
2.10 nA/V3/2, while the PV3050#2 has been designed to
have a higher micro perv (2.18 jiA/V3/2). The
performance of this tube was better than that of other
tubes: 50 MW output power at a 300 kV beam voltage
and a high efficiency of about 47-49% were obtained.

200

220

240 260 280 300
Applied Voltage (kV)

320

Fig. 30

Output power characteristics as a function of
the applied beam voltage for prototype 50-MW
klystrons.

Fig. 31

Waveforms of the beam current pulse (a), the
beam voltage pulse (b) and the rf pulse (c).

- 100

Fig. 29

Input-output power characteristics predicted by
the FCI simulation code and experimental data.
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the rf pulse. The window property of the PV3050 tube
was essentially the same as that of the PV3030A3: the
short pill-box window and the highly pure alumina
material. The Toshiba long pill-box window was tested
up to the 200-MW level in the resonant ring at KEK; a
glowing light was observed during the high-power test.
It will be necessary to continue testing the window for
an evaluation. A higher voltage application up to 350
kV was tested tentatively using the PV3050#2 and a
64-MW output power was observed with an efficiency
of about 42%. The performance strongly depended on
the magnetic-field distribution near the output-cavity
region, as predicted by FCI.

4.

RF DRIVE SYSTEM

The present rf drive system of the linac, which
feeds rf signals to the high-power klystrons, comprises
a main drive system and six sub-boosters. The main
drive system generates 2856-MHz CW signals by
multiplying a 119-MHz master oscillator signal, and
transmits them by optical fibers. The sub-booster
receives the optical signal, converts it into an elecric
signal and then amplifies it by two 10-kW klystrons.
In order to adopt an rf-pulse compressor, such as a
SLED (SLAC Energy Doubler), we have been
upgrading the drive system (Fig. 32) by:

RF Drive System

Electronic
Attenuator

Electronic
Shifter

Phase

Amp

Optical Fiber line

y
Amplitude & Phase
Modulator
Signal Analyzing &
Control System

Timing pulse

Monitor Signals
Solid-State
Pulse Modulator

Controller
Communication Loop

Downstream

i

i

50 MW
Klystron

i

I

r

i

SLED Cavity
3dB Hybrid

0 1 2

3 4 5

t(us)

Fig. 32 Upgraded rf drive system for the KEKB injecter linac.
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5.

1) Installing fast-phase and amplitude modulators in
every sub-booster. The sub-booster can generate
rectangular rf pulses with a 4-|is width and can
then reverse their phases of the last 0.5 |xs for
SLED operation.
2) Moving the sub-booster station from the present
position (center of a sector holding 8 high-power
klystrons) to the head of the sector. Thus, the
timing of the accelerating rf pulses to beam
bunches can be optimized, and the beam energy
can be subsequently maximized.
3) Installing a new 60-kW klystron which can drive
eight 50-MW klystrons.
4) Replacing the switching tubes of the pulse power
supplies with solid-state switches (36 kV, 16A) for
higher reliability.
5) Replacing the present mechanical attenuators and
phase shifters with electronic ones.
In addition to these upgrades, the sub-boosters
will be increased from six to eight in order to drive the
ten high-power klystrons which will be added to the
present rf source.
Signal analyzing and control systems will be
newly installed in order to precisely control the rf drive
system and the high-power klystrons. For a clear
understanding of the linac condition it is very important
to be able to quickly detect any problem or symptom
concerning some trouble in the rf system such as a
defect in an rf waveform or variations in the vacuum of
the waveguides. Therefore, this system will
continuously relay various monitor signals to its
computer. The computer will analyze the data and
diagnose any problem of the rf source, and when and
where it occurs.
Since the frequencies of subharmonic bunchers
(SHBs) will be changed from 119 MHz and 476 MHz
to 114.24 MHz and 571.20 MHz, respectively, new
SHB amplifiers must be made. The final stages of the
amplifiers will comprise solid-state devices, though the
present ones are vacuum tube type.
In the spring of 1994, an rf power of 48 MW was
fed into the first prototype SLED. The obtained energy
gain per unit was 179 MeV (23.7 MeV/m), which is
greater than the design value of 160 MeV, to achieve 8GeV beam acceleration. The energy multiplication
factor, which is defined as the ratio of the particleenergy gains with/without the SLED, was 1.89 on
average.

HIGH-CURRENT SINGLE-BUNCH BEAM
ACCELERATION

The PF 2.5-GeV linac is under reconstruction for
the KEKB project, which requires S-band single-bunch
beams of 8-GeV electrons (> 8 x 10' e" /bunch) and 3.5
GeV positrons (> 4 x 10 ' e+ /bunch). In order to
produce a sufficient number of positrons, it is necessary
to accelerate high-current electron beams to high
energy. In our design, an electron beam containing a 10
nC charge will be accelerated up to about 4 GeV before
positrons are produced from the target.
We carried out some tests for producing highcurrent single-bunch beams and accelerating them to
the end of the PF 2.5-GeV linac. Figure 33 shows the
results. The 1-ns beams emitted from the electron gun
(0-GUN) were compressed into single bunches in the
region between 0-gun to 0-10, and accelerated to the
end of the linac. The transmission rates were more than
80% before the center of the linac (3-42), which is
consistent with the bunching-system design. The rates,
however, gradually decreased in the second half of the
linac to about 60% near the end of the linac. This is
thought to have been mainly caused by wake fields due
to misalignment and an insufficient adjustment of the
beam transport. It is obvious from our experiments that
operation becomes difficult and finer adjustments are
required as the beam intensity increases. This means
that adequate improvements such as fine alignment,
precise position detection and quick beam control will
be inevitable for the KEKB linac.
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Electron charge contained in single-bunch
beams which were accelerated in the PF 2.5GeV linac.

6. BEAM-POSITION MONITOR
V 4 (<»=Jt/2)

A stripline-type beam position monitor (BPM) is
under development at the PF 2.5-GeV linac for the
KEKB. In order to suppress the transverse wake field
due to the intense electron beam and to obtain a beam
radius of less than 0.6 mm at the positron production
target, the beam must be kept within 0.5 mm of the
accelerator axis. The BPM equipment must provide
information concerning the beam center of mass
displacements with an accuracy of 100 [xm.
The new-type BPM is shown in Fig. 34. It is a
conventional stripline-type monitor made of stainless
steel (SUS304) with n/2 rotational symmetry. The total
length (195 mm) and the stripline length (132.5 mm)
were chosen so that it can be installed into the upgraded
beam line. A 10-mm bellow is attached to one side of
the BPM. Two types of quadrupole, 44- and 23-mm
bore diameters are used in the linac. The outer diameter
of the beam pipe is fixed at 44mm, which can be
inserted into all the quadrupole magnets except the
23mm type ones. The inner diameter (28mm) of the
pick-up electrode (PUE) was decided so as to make a
50Q transmission line. The angular width of the
electrode is set to 60 degrees. A 50Q SMA-vacuumfeedthrough is connected to the upstream side of each
electrode, while the downstream ends are shortcircuited
to the pipe. Quick-release flange couplings
(manufacturer's standard KF flange) are used at one
end of the BPM for easy installation into the beam line.
The other end was attached to a small flange (44mm in
diameter) for inserting BPMs inside the quadrupole
magnets.

Beam (8,
Vj(<D=0)

V2(*=3TC/2)

Fig. 35

BPM cross section.

The horizontal and vertical beam displacements (X, Y)
can be approximated by the following fifth-order
polynomials:
X=A0+AiX+A2y+A3x2+A4xy+A5y2+A<ix3
+A7x2y+A8xy2+-+A20y5

and
y=B0+B1x+B2y+B3x2+B4xy+B5y2+B6x3
+B7x2y+B8xy2+-+B20ys,
where x and y are given by (V1-V3)/(V1+V3) and (V2V 4 )/(V 2 +V 4 ), respectively. Here, V, to V 4 are the
outputs from the electrodes (Fig. 35).
In the bench test, all of the coefficients from Ao to
B20 for each BPM with cables will be measured and
stored in a workstation.

195±s
42.5

132.5

29

Fig. 34
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Design of a stripline-type BPM for the KEKB.
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Calibration
DBM

Fig. 36

P&H

Circuit block diagram.

Figure 36 shows the circuit configuration. The
PUE signal is transmitted via a vacuum feedthrough to
an SMA connector and further to a 30-m-long coaxial
cable hooked to the front-end electronics. For easy
maintenance and to avoid radiation damage, it will be
installed in the klystron gallery.
The electronics consist of a band-pass filter (BPF)
to provide bursting waves 200 ns wide, a set of rf
amplifiers with different gains, hard limiting amplifiers
to accomplish normalization, a double-balanced mixer
(DBM) used as a downconverter, a low-pass filter to
smooth the IF output, of which the amplitude is
proportional to the beam-induced signal at the PUE, a
peak-hold circuit (P&H) and a 12-bit A/D converter.
The PUE output is proportional to the beam
intensity and varies with the beam position. The
electronics system needs a 50 dB dynamic range to
cover the intensity change from the positron beam (0.64
nC) to the primary electron beam for positron
production (10 nC) and beam displacement. Further, an
additional fifteen dB is to be added for commissioning
the positron beam. Thus, the total dynamic range needs
to be extended to 65 dB covered with three overlapping
sections, each comprising 34 dB. The results of the
bench test show a dynamic range of 34 dB with linearity
better than 2% for low and medium ranges. The high
range is under tuning. The linearity error is defined
here as the difference in the circuit response (Vout vs.
Vin) with respect to the ideal straight line. Further
study is now underway.

D. SLOW-POSITRON SOURCE
1. SLOW-POSITRON BEAM INTENSITY
A high-power primary electron beam was used to
produce slow positrons at the beginning of FY 1994. In
a preliminary test with a 2.2 GeV electron beam (0.93
|j,s pulse width, 12.5 pulses/s, 1.25 kW average power),
a positron beam intensity of 3 x 106 e+/s was observed
by detecting annihilation y-rays at the end of the 30 m
long beam-transport line. A part of the beam was lost
in the beam-transport line. Further improvement of the
beam intensity will be achieved by tuning the magnetic
field distribution.

2.

POSITRON MODERATOR

The pulsed electron beam is projected onto a
dense high-Z target (tantalum in our case), creating
bremsstrahlung. By pair production, fast positrons are
produced in the target. The fast positrons are implanted
into a moderator, where they reach thermal energies
within nearly 10 ps. After diffusing in the moderator, a
fraction reaches the surface; the rest are partially
trapped by defects and annihilate with electrons.
This means that the existence of lattice defects
reduces the conversion efficiency from fast positrons to
slow positrons. This is the reason why we anneal the
moderator: tungsten foils in our case under ultraP-30

high-vacuum conditions. Annealing of the moderator
foil was carried out at 227OK for 10 min. The base
pressure of the annealing chamber was 5 x 10'7 Pa, or
below.
The positron production target, a tantalum brick,
was also annealed at 670K for 1 week for degassing. A
verification test of the thermal treatment of the
moderator and the target will soon be performed by
measuring the slow-positron flux.

3.

Screen

Positron source

Align 1
Align 2
°"L" ^ / o X A l i g n l
(A O.L Align 2
^ Stig
f 0.4

POSITRON RE-EMISSION MICROSCOPE

A prototype of a positron re-emission microscope
(PRM) was designed. Fig. 37 shows a schematic
drawing of the electrostatic-lens configuration of the
PRM. The incident slow-positron beam optics
comprised a two-stage electrostatic lenses: a condenser
lens and an objective lens. Each lens has two alignment
electrodes. The objective lens has a stigmator and two
deflection electrodes.
For the secondary beam (i.e. the re-emission
positron beam), the optics were designed as follows:
two electrostatic lens stages, a stigmator and two
alignment electrodes. An image of the sample is
projected onto a screen comprising a microchannel
plate (MCP) and a phosphorescence screen. Under test
operation of this PRM, positrons having an energy of
10 keV are injected onto a sample having a potential of
+5 kV; the entrance surface of the MCP is at ground
potential.
The magnification values are restricted by the lens
aberration. The magnification of each lens is tens of
magnitude. The non-magnetic field environment is
essentially important in PRM experiments. This is why
we selected the electrostatic-lens configuration.

P-31

Def
Sample
Fig. 37

4.

Schematic of the electrostatic lens configuration
of Positron Re-emission Microscope.

HIGH-VOLTAGE APPLYING TEST

A high-voltage applying test for a high-voltage
section was performed during the summer shutdown.
This section was constructed so as to make a DC
positron beam (Fig. 38). During the test, we monitored
the status of the high-voltage dome using a CCD
camera and a current monitor of the ion pump. Up to
30 kV DC was applied to the positron production target
chamber and the following 8-m straight section. About
1 hour after applying 30 kV DC, no breakdown was
detected. This section contains a 1501/s ion pump, five
60 1/s ion pumps, an electron multiplier for positron
detection, etc. The base pressure of this section is 8 x
108Pa. This high-voltage system enables us to perform
experiments using variable-energy and DC slowpositron beams.

[Experimental area)

HV Controller

Diffraction
PRM etc.

Electrostatic
Transporting

Magnetic
Transporting

Ground potential
HV potential
(pulse to DC
converter)
PF 2.5-GeV
LINAC end

Slow-positron
source
to PF RING
and TRISTAN

Fig. 38

Bird's-eye view of the slow-positron beam line at the PF Linac.
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A. INTRODUCTION

control and select surface reactions by tuning the
photon energy. We have studied the fundamental
processes of photo-chemical reactions of simple
molecules on surfaces at BL 7B. The following are the
results of the photo-decomposition of dimethyl germane
(CH,)aGeH* adsorbed on Si(100) surface1". Fig. 1
shows the change of UPS spectra by irradiation with
SR photons below 60 eV. The Ge 3d peak at 30 eV
keeps the same intensity, but the C 2s peak at 16 eV
reduces with irradiation time. This clearly indicates
that the Ge-CHs bond is broken and Ge atoms stay on
the surface, but some of the ClrL group are decomposed
and desorbed by SR irradiation. A(2xl) LEED pattern
can be observed even after long irradiation which
means the Si dimer bond is maintained. A possible
model of photo-decomposition is shown in Fig. 2. This
photo-decomposition process is quite different from
thermal decomposition process, in which both CHs
species and Ge atoms are desorbed and the Si(100)
surface loses its periodicity completely.

Collaborative research works between the Photon
Factory and other institutions are also very important
parts of our activities. We summarize here our such
collaborations with universities, other ministries,
industrial companies and also with foreign institutions.

B. RESEARCH CENTER FOR
SPECTROCHEMISTRY, UNIV. OF
TOKYO
1. PRESENT STATUS OF BL7A AND 7B
BL 7A and 7B are equipped with a plane grating
monochromator and a i m
Seya-Namioka
monochromator, respectively. Both of them are
intended to use for the studies of electronic and
geometric surface structures and surface photochemical
reactions. Thermal damage and thermal instability of
the optical systems had been serious problems. In the
case of BL 7A, a replica grating had deteriorated very
rapidly and was replaced with an original grating made
of SiC which has been used satisfactorily. Thermal
deformation of the first bent-toroidal mirror made of
fused quartz had been a main cause of beam fluctuation.
In the last year, it was replaced with a toroidal mirror
with an ultra smooth surface made of Glidcop (Cu
dispersed by Alumina fine particles). This mirror was
fabricated in the KEK workshop. A performance test
will be carried out in the first period of the next fiscal
year. For BL 7B, an Si single crystal mirror was newly
developed and installed as the first mirror. Beam
fluctuation has been greatly suppressed compared with
the previous system using a mirror made of CFHC Cu.

Ge3d

C2s

195 min

3,
CO

z

111

2.

030min

RESEARCH ACTIVITIES USING BL7A
AND 7B IN 1993-1994

015 min

2.1 Photo-decomposition of (CH3)2GeH2 on Si(100)
by synchrotron radiation

000 min
CLEAN

Photo-decomposition of metal-organic molecules
on surfaces is one of the important processes of
semiconductor device technology. Synchrotron
radiation is a very promising light source for photochemical reactions because it might be possible to

I
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I
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Fig. 1

C-l

UPS spectra of (CH3)2GeH2 on Si(100) after
irradiation with SR.below 60 eV

Recently, we found new electronic states localized at
steps on a metal surface by using angle-resolved UPS
with linearly polarized synchrotron radiation as the
light source3'. An experiment was performed at BL 7B
on an Ni(7 9 11) sample, whose surface structure is
shown in Fig. 3. Fig. 4 shows the UPS spectra from
clean and 0.38 ML Na-desorbed Ni(7 911) measured at
hv = 10 eV. The spectrum from clean Ni consists of
three bands, S, T and Bl. The T and Bl bands are also
observed in Ni(l 11), but the peak S appears only in
Ni(7 9 11), which can be assigned to a step-induced
electronic state. Both peaks, T and S, are sensitive to
adsorption of alkali metals. The difference spectrum in
Figure 4 clearly indicates that S is more sensitive to
alkali adsorption. Detailed analyses of Na coverage,
excitation energy and polarization dependencies of
ARUPS have elucidated the character and energy
dispersion of the electronic state induced by the step
siteofNi(7 9 11).

P--Q
CH<
Fig. 2

O

Si

Possible model of photo-decomposition of
(CH3)2GeH2 adsorbed on Si(100)

CLEAN
2.2 Surface electronic states at step edges on
Ni(7 9 11) surfaces
4 f\

On a stepped metal crystal surface, there are onedimensional arrays of steps and/or kinks separated by
planar terraces. These steps have been regarded as a
model of surface defects having high activity in surface
chemical reactions. Properties of stepped metal
surfaces have been studied by a number of surfacesensitive techniques, but no one has ever succeeded in
directly observing the electronic state of these steps.

3

\J

CO

0.38 ML Na
CO

DIFFERENCE

[111]

-2
Fig. 4

[121]

*

-1
0=EF
INITIAL ENERGY (eV)

UPS from Na-covered and clean Ni(7 9 11)
Photon energy is 10eV. The difference spectrum
is also shown.

2.3 Electronic and atomic structures of SO2 on
Ni(100)

[121]

SO2 is known as a dangerous air pollutant and is
also responsible for the corrosion of metals. Surface
adsorbed structures of SO2 on several metals such as

[101]
Fig. 3

As

»

Schematic view of Ni(7 9 11) stepped surface

C-2

Ag, Cu, Pd and Ni have been studied by ARUPS,
HREELS and NEXAFS. All the previous results
indicate that SO2 is adsorbed with the molecular plane
perpendicular to the metal surfaces. Recently, we
studied the adsorbed structures of SO2 in Ni(100), (110)
and (111) by S K-XAFS and found that SO2 lies flat on
the surface in the above three cases4'. In order to obtain
both electronic and atomic structures of adsorbed SO2
on Ni(100), we also performed UPS and O K-NEXAFS
experiments at BL 7A.5)
Fig. 5 shows the polarization dependence of O Kedge NEXAFS spectra from submonolayer SO2 on
Ni(100). Two intense resonance peaks are ascribed to
the transitions of O Is to 7C* and c*, and their
polarization dependence clearly indicates that SO2 lies
on the surface. The NEXAFS spectrum from multilayer
SO2 is also shown in Fig. 5, where n* and c* resonance
peaks are more enhanced. Peak intensity is related to
the occupancy of the corresponding vacant level. The
K* peak intensity from the submonolayer at the incident
angle of 55 is suppressed by more than two times
compared with that from the multilayer. This suggests
partial occupancy of the n* orbital due to the charge
transfer from the Ni 3d band.

.a

3£
o
O

— 8 =90*.a =70'
•••• 0 =20*.
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NI3d

5
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Binding Energy (eV)

Fig. 6

The difference of UPS between submonolayer
SO2/ Ni(100) and clean Ni(100)

These experiments demonstrate that the combined
use of NEXAFS and UPS is useful to elucidate both
electronic and geometric properties of adsorbates.
T. Ohta, Univ. of Tokyo

a*
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O K-edge NEXAFS of multilayer and
submonolayer SO2/ Ni(100)

The Synchrotron Radiation Laboratory of the
Institute for Solid State Physics, University of Tokyo,
has constructed the Revolver undulator and three
beamlines, BL18A, BL19A and BL19B, in the Photon
Factory and opened them to general users in
collaboration with the Photon Factory'"3'. In the
following we provide a brief introduction of these
beamlines and report on a few recent scientific activities
which were performed during fiscal 1993 and 1994.

This partial occupancy is confirmed by UPS
measurement. Fig. 6 shows the difference spectrum
between submonolayer SO 2 / Ni(100) and clean
Ni(100). A shoulder labeled N at around 3 eV is
assigned to the lowest unoccupied MO in a free
molecule.
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BL18A

This beamline has been constructed to be
dedicated to surface and interface photoemission
experiments with high energy and angle resolutions.
Since it was opened to users in 1991, many active users
have investigated the electronic structures of various
materials with this beamline. The beamline is equipped
with a constant deviation angle grazing incidence
monochromator and a commercial angle-resolved
photoelectron spectrometer (VG ADES 500). The
beamline accepts 2 mrad of horizontal divergence of
the radiation and is laid out for photon energy from 15
to 150 eV. An energy resolution of 50 meV is achieved
at the Fermi edge of Au at a photon energy of 15 eV at
room temperature and the angle resolution is found to
be 0.5°. With the sample holder, which could be
cooled down to liq. N2 temperature, an energy
resolution of 65 meV is achieved at an excitation
energy of around 120 eV, which corresponds to the Ad
electron excitation energy of light rare earth elements.

investigated in this beamline7"9'. To manifest the 4/
electronic structures of rare earth compounds, high
resolution Ad-Af resonant photoemission experiments
have been achieved by utilizing higher order light of
the monochromator. Fig. 8 shows the high-resolution
Ad-Af resonant photoemission spectrum of CeB69),
which is known to be a typical dense Kondo material
with TK= 4 K. The spin-orbit splitting of the 4/level in
the final state of photoexcitation can be clearly observed
in the figure. The line shape analysis shows that the 4/
occupancy of CeB6 is very close to unity and the
hybridization between 4/and other valence states is
quite small.
(b)

i

[101]
S3'

S 2 ' JEF

%
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Most of the recent work performed in this
beamline could be divided into three groups: (1) angleresolved photoemission experiments of metal and
semiconductor surfaces: (2) angle-resolved
photoemission experiments of metal over layers on Si
surfaces, and (3) high-resolution photoemission
experiments of rare earth compounds utilizing Ad-Af
resonant photoemission. High energy- and angleresolution of this beamline enables us to investigate the
precise difference of the electronic structures
accompanying the structural change of the surface and
other geometrical rearrangements of adsorbates.
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An S i ( l l l ) surface is known to reveal various
electronic structures depending on the adsorbates on it4'
6)
. Figure 1 shows the angle-resolved photoemission
spectra of Si(lll)3xl-K along (a) [112] and (b) [101]
directions, respectively4'. Any spectrum in Fig. 7 (a)
and (b) does not show an appreciable intensity at the
Fermi level and no structure is observed at the binding
energy of 0.2 eV, where the occupied surface state is
observed on the Si(lll)7x7 surface. From these
results, the Si(lll)3xl-K surface is found to be no
longer metallic like the Si(l 11)7x7 surface, but is
semiconducting.
The S i ( l l l ) 3 x l - K surface
geometrical structural model was found to be consistent
to an STM image.
The Electronic structures of strongly correlated
electron systems have also been extensively

I

Angle-resolved photoemission spectra of
Si(111)3xi-K along (a) [112] and (b) [101]
CeB6
hv=121.0eV
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Ad-Af resonant photoemission spectrum of CeB6

2.

BL19A AND 19B

(a)
hv=21.2eV(near X-point)

This beamline is specially designed to accept
radiation from the Revolver undulator and to lead into
two branch beamlines, BL19A and BL19B, by means
of a reflecting mirror system1'3'. They have been
constructed to be dedicated to solid state spectroscopies
which need high light intensity from the undulator. To
hold out the high heat load of the undulator light, the
substrate of the optical elements of this beamline is
made of SiC. Among these two beamlines, BL19A
was opened to users in 1992. BL19B will be opened
to users in the second half of FY 1995.

T=0.STc /

(b)
hv=37eV(near K-point)

'. 1

I
1

BL19A is equipped with a constant deviation
angle grazing incidence monochromator and covers the
output photon energy from 20 to 250 eV. BL19A is
dedicated to spin- and angle-resolved photoemission
(SARPES) experiments.
The photoemission
spectrometer consists of a hemispherical electron energy
analyzer, a 100 keV Mott detector for electron spin
analysis, a sample chamber and other equipments for the
characterization of sample surfaces. After some
preliminary experiments to characterize the beamline10"12',
the SARPES of Ni(110) and other magnetic compounds
were measured in 1993 and 19941314>.
Fig. 9 shows SARPES of Ni(110) single crystals
near X- and K-points in the Brillouin zone at various
temperatures15'. The majority and minority spin state
spectra apparently show a collapsing behavior as the
temperature increases to Tc. Based on the assumption
that each spectrum consists of two kinds of
photoelectrons, those which follow the local exchange
field and those which follow the magnetic field
averaged over many local exchange fields, the observed
temperature and wave vector dependence of the
SARPES are consistently explained by the local band
theory.

0.8

0.4

0.0

4

2

Binding Energy (eV)

Fig. 9

Spin-and angle-resolved photoemission of

244

246
248
Photon Energy (eV)

250

Fig. 10 Ar ion yield spectra around the photon energy of
Ar2p threshold

BL19B has a plane grating monochromator with
varied-space plane gratings (VSPG). It covers photon
energy range from 10 to 1000 eV. A precise
characterization of the beamline was accomplished
during 1993 and 1994 after replacing the VSPG with a
new, originally ruled one. Fig. 10 shows an Ar ion
yield spectra around a photon energy of Ar 2p threshold,
which reveals that the energy resolution of this
beamline exceeds 4000.
BL19B was originally considered to be dedicated
to photoelectron spectroscopic studies of solids at
various temperatures. It was equipped with a

hemispherical electron energy analyzer with a spinpolarized low energy electron diffraction (SPLEED)
detector for electron spin analysis, a sample preparation
chamber with a sample manipulator which could be
cooled down to 20 K and an electron counting system
The first SARPES experiments were performed in
1994 on 3p and 3s core levels of ferromagnetic Ni(110).
Since the beamline covers a wide photon energy range
up to 1000 eV with considerable light intensity, it is
quite suitable to investigate the second order process of
C-5

photoexcitation. The experimental apparatuses for soft
x-ray fluorescence measurements are also attached to
this beamline, and extensive investigation was started
very recently.

designed and built by the three national institutes
(NIRIM, NIMCR, ETL, NRLM) and The Institute of
Physical and Chemical Research (RIKEN) of STA.
Since the beamline became in operation, these
institutes studied a variety of advanced materials using
various techniques ranging from photoemission (soft
X-ray) to X-ray scattering (hard X-ray). The 27-pole
wiggler/undulator provides the intense X-rays covering
the hard X-ray (4-29 keV) and the soft X-ray (2002,000 eV) regions. The availability of multipole
wiggler/undulator as a high brilliance light source has
made possible structural and spectroscopic studies over
a wide range in energy varying the deflection parameter.
Recently, much attention has been paid to in situ
structural studies. Two hard X-ray branches (BL13A,
BL13B) and one soft X-ray branch (BL13C) were
constructed. Fig. 11 shows the arrangements of optical
components of BL13. About 2 mrad of the wiggler
radiation is diffracted in a horizontal plane by an
asymmetric (422) diffraction of silicon. Two
asymmetric crystals are arranged in a double crystal
parallel setting with fixed exit geometry.

A. Kakizaki, Institute for Solid State Physics,
Univ. of Tokyo
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X-rays with energy up to 60 keV is available. A
monolithic monochromator with successive (331-331)
diffraction provides X-ray with a wavelength of 57 pm.
The short wavelength X-ray is conveniently used for
Laue case diffraction where refraction effect is reduced
and improved the accuracy in the Bragg angle
measurement to an angular resolution of 0.07". At
BL13A , studies on the precise measurement of lattice
constant were conducted by NRLM.
At the central branch BL13B, the heat load on a
monochromator crystal has been a serious problem, but
the new design of directly water-cooled S i ( l l l )
monochromator can provide the intense beam with an
energy resolution AE/E ~ 2 x 10'4. The horizontal
acceptance of the X-ray optics ~4 mrad is sagittally
focused to a 4 mm x 1 mm spot at a point ~36 m away
from the source point. The capability of an insertion
device for studies of dilute systems is demonstrated in
structural studies of surface overlayers under ultra high
vacuum (UHV) at station Bl or high
temperature/pressure at station B2. At BL13B1,
surface-sensitive X-ray absorption fine structure
(XAFS) studies were used to study the strain-induced
atomic arrangements on Si surfaces. In Fig. 12, the
photograph shows the XAFS/X-ray diffraction
apparatus for in-situ surface studies. Fig. 13 shows the
bird's-eye view of asymmetric Ge dimer on Si(001).

D. OTHER MINISTRIES
Research on the advanced material
characterization was conducted as collaborative
projects between three national institutes in Tsukuba
and the Photon Factory at the multipole
wiggler/undulator beamline BL13. The participating
institutes were: National Institute of Research for
Inorganic Materials (NIRIM), Science and Technology
Agency (STA), National Institute of Materials and
Chemical Research (NIMCR), Agency of Industrial

Science and Technology (AIST)/Ministry of
International Trade and Industry (MITI)),
Electrotechnical Laboratory (ETL), AIST/MITI and
National Research Laboratory of Metrology (NRLM),
AIST/MITI. The multipole wiggler beamline were
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Fig. 11 Schematic arrangements of optical components at BL13 consisting of two hard X-ray branches (BL13A and
BL13B) and a soft X-ray branch (BL13C). A 27-pole wiggler/undulator is in operation in a wiggier mode and an
undulator mode for the former and latter branches, respectively. Two experimental stations (BL13b1 and BL13B2)
share the central beam while BL13A accepts a small part of the beam horizontally.

Light blue balls represent Si atoms while orange balls
indicate Ge adatoms. The results of LDA total energy
calculation for 1 ML Ge dimers, having essentially the
same local structure with that of clean Si(001) (2x1)
such as an intra-dimer charge transfer evidenced by
short dimer bond length. However, the elongated dimer
structure has been confirmed by the surface-sensitive
XAFS study using the facility shown in Fig. 12, ruling
out the model structure based on the total energy
calculation. Using the UHV-compatible 7-element
Si(Li) detector for surface studies and the broad
spectral distribution of multipole wiggler, BL13B
allows one to study K- and L-absorption edges for
atoms with Z > 20 and submonolayer sensitivity. A
newly developed 19-element pure Ge detector provided
the total count rate of 2.5 x 106 cps.
High temperature/pressure experiments were
carried out at BL13B2 by researchers from NIRIM,
using a cubic-anvil apparatus called MAX-90 and a
diamond anvil cell. For example, the phase transition of
BN were intensively studied by in situ X-ray diffraction
as a function of high pressure (20 kbar, 2000°C). XAFS

experiments under high pressure are also possible at
BL13B2. The structure of amorphous selenium at high
pressure were studied. BL13C is a soft X-ray branch by
NIMCR, which features the dragon type
monochromator for undulator radiation. This branch
provides an intense soft X-ray beam with E/AE ~ 5000
(400 eV). A typical spot size on a specimen is 1 mm01'
x 200-300 n.m<V). The local structures of (BNj.C,.,
families, which have attracted great interests because of
their peculiar properties and isoelectric structures to
graphite or diamond, were investigated by the
measurements of B, C, and N K-edge X-ray absorption
spectra. The beamline was also applied to the study of
the unoccupied orbital of fullerenes, particularly carbon
nanotubes which were highly purified by an original
procedure developed by NIMCR. In Fig. 14, the C KXANES spectra are shown for C60, C70 and carbon
nanotube, which demonstrates the difference of nbonding among these compounds. NIMCR is also
collaborating with several petroleum refining
companies in XAFS analysis of hydroprocessing
catalyst.
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Fig. 12 Photograph shows the surface-sensitive XAFS/X-ray diffraction apparatus for in-situ studies. The use of multielement Si(Li) detector and a grazing-incidence fluorescence excitation has established the surface-sensitive XAFS
in the hard X-ray region (>4 keV) covering elements heavier than Ca (z > 20). The main analysis chamber is
connected to the molecular beam epitaxy (MBE) chamber.

Fig. 13 Bird's-eye view of asymmetric Ge dimer on Si(001) based on the energy minimization. Light blue balls represent Si
atoms while orange balls indicate Ge adatoms. The theoretically predicted bond length shortening is ruled out by
the XAFS results which observed the dimer bond length elongation.

monochromator. For irradiation of biological samples,
the beam size is about 2 x 20 mm2 and the photon flux
is 4 x 102 photons/sec/mm2 at 2.1 keV, while for the
XPS experiments the photons are focused to give 1.5 x
10 photons/sec/mm2 with AE/E of 4 x 10"4. BL-27B has
a Si double-crystal monochromator with the second
crystal sagitally focusing the beam to provide 2 x 1 0
photons/sec/mm2 for the diffractometer with AE/E of 2
x 10'4. In order to prevent the intrusion of radioactive
materials into the beamline and the storage ring,
various special precautions are taken.

Japan Atomic Energy Research Institute (JAERI)
of STA has actively conducted researches on
radioactive materials and radiation biology at the
bending magnet beamline BL27 which they built in
collaboration with the Photon Factory, using X-ray
photoelectron spectroscopy (XPS), X-ray diffraction,
and absorption. Two branches are in operation: BL27A
being a soft X-ray (1.8-6 keV) beamline and BL-27B
an X-ray (4-20 keV) beamline. BL-27A has a focusing
optical system consisting of a cylindrical mirror with a
bender and an I n S b ( l l l )
double-crystal
C-8

The maximum amount of radioactive isotopes
permitted per day is 1 mCi normalized to the fourth
group in the radioactive regulation rules. Researchers
from JAERI have mainly worked on the structural
studies of radioactive compound such as uranium oxide
UO2. Fig. 15 shows the U L3-edge absorption spectrum
ofUO2.
Collaborative researches between the Photon
Factory and national institutes of other ministries
continue to grow in number. The advantage of this
research is that the specially designed beamline is
devoted to a specific topic so that intensive studies can
be made. Reflecting this, proposals for research using
these special beamlines and equipment attract great
attention of other researchers.

E. INDUSTRY BEAMLINES
At BL-1, which is an NTT(Nippon Telegraph &
Telephone Co.) beamline, a big change occurred at the
end of fiscal 1993. After the start of the beamline
construction of BL-1 in 1983, NTT was engaged in a
solid surface analysis at BL-1 A, X-ray lithography at
BL-1B, and photochemical reaction at BL-1C.
However, in order to develop more application-oriented
SR technologies at the NTT compact storage ring
located at the NTT Atsugi R&D Center, NTT shifted
the lithography and photochemical reaction research
activities from BL-1B and C to Atsugi at the end of
fiscal 1993. At present, only BL-1A is the NTT
beamline, where NTT is engaged in surface and
interface analysis. BL-1B and 1C were returned to the
PF, as the public beamlines.

H. Oyanagi, Electro-Technical Laboratory

At BL-1 A, surface and interface studies were
performed using soft X-rays (X-ray standing
waves:XSW and EXAFS) and VUV (photoelectron
spectroscopy) mainly on GaAs-related materials for
nanoelectronic device applications. Here at BL-1 A two
analysis chambers, namely a combined XSW and
EXAFS apparatus and a photoelectroi: spectroscopy
apparatus, are installed in a tandem style. One of the
main topics in 1993-94 was the surface structure
analysis of sulfur-passivated GaAs (111) and (100)
surfaces by means of XSW and EXAFS. A threedimensional structure of upper-most sulfur atoms was
determined by using symmetrical and asymmetrical
reflection XSW methods. By combining these results
with the EXAFS result, it was concluded that the
surface relaxation due to sulfur passivation is much
smaller than expected. Furthermore, a unique structure
analysis technique called "Chemical state-resolved Xray standing waves" was developed by using X-ray
absorption near edge under standing wave conditions,
as shown in Fig. 16. Two chemical states, namely Ga-S
bonds and SOX bonds were clearly resolved, and it was
concluded that while the Ga-S bond components are
well-ordered on the GaAs (111) surface, SOX
components are completely disordered. This result was
published in Phys. Rev. Lett. 71 (1993) 2611. In
addition to the sulfur passivation technique, the
selenium passivation technique for GaAs surfaces was
investigated using in situ MBE growth and
photoelectron spectroscopy in order to check the
feasibility of growing InAs nanocrystals for quantum
dot laser applications. So far, InAs and InSb
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Fig. 14 C K-XANES spectra for C60 (top), C70(middle)
and carbonnanotube (botttom). The features at
285 eV indicates the strong dependence of Jtbond on local structure.

I
0.8

1

0.6

Sf 0.4
c

!

0.2

—

0
0.2 —
0.4
16.5

-—,

1
17.5

1 ...
18.S

Energy (keV)

Fig. 15 U L3-edge absorption spectrum for UO2 measured
in a transmission mode.
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nanocrystals of less than 50 nm size
were successfully grown on Se/GaAs(100). (published
in Nanostructure and Quantum Effects, SpringerVerlag, 1994, p. 242, Appl. Surf. Sci. 82/83 (1994)136.)
For much higher energy resolution of photoelectron
spectroscopy, a new electron analyzer, SES200 was
installed into the in situ photoelectron spectroscopy
system. Two different chemical states of In4d in InAs
nanocrystals were clearly resolved at a photon energy
of 100 eV.

At BL-8B, a new tandem-type monochromator
was installed for XAFS analysis. It covers from 1.68 to
21.8 keV range with InSb(lll) and Si(311) crystals.
At BL-8C1, projection imaging experiments were
performed using a 20:1 Schwarzschild optics at a
photon energy of 95 eV with multilayer reflection
masks. A 0.07-ujn line-and-space pattern was clearly
printed on resist films. Furthermore at BL-8C2, two
kinds of experiments were carried out. One was the Xray CT experiment for elucidating the degradation
mechanism of an SiC fiber reinforced aluminum
composite (SiC/A2024) with l0-\im resolution, which
was done in collaboration with National Research
Institute for Metals. Fig. 17 shows a 3-D CT image of
an SiC/A2024 composite, where arrows b and c indicate
voids caused by a pull-out of the fiber. Furthermore, a
new phase-contrast X-ray CT technique was
developed, which is sensitive to light elements
compared to the conventional X-ray CT. (Nucl. Instrum.
& Meth. A in press.) Fig. 18 shows an image of a
cancerous rabbit liver obtained using 13-keV X-rays.
The other experiment is the fluorescent X-ray
interference patterning from monolayer of a Zn-labeled
protein (bovine serium albumin: BSA) bound on a gold
substrate. (Science 263 (1994) 62.) From the
interference pattern, the distance of Zn atoms from the
substrate was determined. In addition to these activities,
polarization analysis of soft X-rays and applications of
scanning hard X-ray microscopy are now in progress.

(a)
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BL-9, which is an NEC beamline, consists of
three branch beamlines, BL-9A, 9B and 9C. At BL-9A,
basic experiments on X-ray lithography have been
conducted since 1986. Various experiments have been
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Fig. 16 (a) Sulfur K-edge XANES spectra of oxidized
S/GaAs(111)B, (b) photon energy dependence's
of coherent fraction F, and (c) coherent position P
determined by XSW experiments.

At BL-8, which is a Hitachi beamline, several
activities were performed. (Nuc. Instrum. & Meth.
A327 (1993) 256.) At BL-8A, micro-XPS using a
Wolter-type mirror to form a micro beam at a photon
energy of 150eV was achieved. The intensity of
photoelectrons from 0.5 |j,m line-and-space stripes
scanned by a 1.8 um beam indicated a lateral resolution
to be 0.3 }0.m. (published in Jpn. J. Appl. Phys. 33
(1994) L550.)

Fig. 17 3-D CT image of the SiC/A2024 composite.
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was found that the electronic properties were strongly
dependent on oxygen deficiency, but not on crystal
structure (long range order) which was believed to be
important. These results will appear in the proceedings
of MRS fall meeting in 1994, and Appl. Phys. Lett, in
1995. Also DAFS measurements were carried out on
Rare-Earth-Iron Garnet in order to elucidate the nearedge feature around the tetra-site and octa-site iron in
the crystal separately. As a result, a well-known preedge peak was found to originate from the tetra-site.
Another experiment of an energy-dispersive grazing
incidence in-plane diffraction with white X-rays was
carried out to study a 0.5um thick Ta-silicide layer and
very thin poly-Si films.

Fig. 19 Phase-contrast image of the cancerous rabbit
liver.

At BL-17, which is a Fujitsu beamline, a new Xray diffractometer using grazing incidence condition
was constructed and installed at BL-17C. This
diffractometer is mainly composed of two goniometers;
(1) a goniometer for grazing incidence angle control
and (2) a goniometer for a sample and detector rotation
as 9-26 scan. The axes of two goniometers are
orthogonal to each other. In addition, the refinement
goniometer is set on the 9-29 one for setting a specimen
parallel to X-rays. Furthermore, a detector moves
parallel and vertical to the sample surface. Therefore, it
is possible to easily measure X-ray diffraction for
vertical or inclined to the surface under freely desirable
incidence condition. This will be published in Rev. Sci.
Instrum. 66(2) Feb. 1995.

conducted such as optical/X-ray hybrid lithography for
sub-half micrometer devices, resist-hardening by X-ray
irradiation, and study for the mechanisms of high
aspect ratio resist pattern collapse. In order to proceed
to the next development stage, NEC decided to shift its
major activity to SORTEC or Sumitomo Heavy
Industries Ltd.
At BL-9B, photon energy dependence of SR
irradiation effect on Al-thermal-CVD was examined.
Clear difference was observed between valence and
core electron excitations. The core electron excitation
was found to be effective to suppress the CVD reaction,
while the valence electron was effective in initiating the
reaction. The mechanism of this drastic energy
dependence was cleared by the AES chemical shift
analysis of surface layer which was formed by SR
photochemical reaction.
At BL-9C, which is an X-ray diffraction- and
XAFS-beamline, several kinds of experiments were
carried out as follows. Si surface imperfection was
investigated using extremely asymmetric (311)
reflection, in which the glancing angle of the incident
X-rays was near the critical angle of total reflection,
(published in Jpn. J. Appl. Phys. 32 (1993) L1581.)
Also, the density of various thickness SiO2 films, which
is one of the key materials for ULSI devices, was
determined by a similar technique, and found that a
transition layer exists in the films in terms of the
density. Thin films of Ta2O5, which is one of the
promising high-e materials for device applications,
were studied by XAFS measurements to clarify the
relation between electronic properties and structure. It

M. Oshima (NTT), Y. Hirai (Hitachi),
J. Mizuki (NEC) and S. Komiya (Fujitsu)

F. THE AUSTRALIAN NATIONAL
BEAMLINE FACILITY
1.

INTRODUCTION

In 1994, the Australian Beamline project entered
the final year of its three-year construction and
commissioning phase. With the goal of opening the
beamline to the general user community by 1995, work
continued in the areas of beamline component
installation and testing, experimental instrumentation
commissioning and the development of software for
data collection, reduction and analysis. The details of
this progress are described below.
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2.

Si(lll) wafer into a cylindrical shape using a "fourpoint" bending mechanism. Such a mechanism gives
superior control over such crystal distortions as twist
and spiral. Fig. 19 is a photograph of the mechanism of
the Phase II monochromator. Two commissioning runs
were carried out on the Phase II monochromator with
promising results. To date, a 20-fold increase in X-ray
flux at the sample position has been recorded using a
0.1 x 0.1 mm aperture at a wavelength of 1.0 A.
Further testing and experimental application of the
Phase II monochromator is planned for 1995. In terms
of experimental instrumentation, work continued
throughout 1994 on the main beamline instrument, the
multi-configuration diffractometer. A number of
modes of the diffractometer were tested and
commissioned as described below. It is hoped that in
the foreseeable future, further expansion of the
capabilities of the Australian diffractometer be obtained
by the addition of high and low temperature sample
environment stages. The development of a small-angle
X-ray scattering (SAXS) camera mode of operation is
also being considered.

HARDWARE

The main hardware developments in 1994
concerned the beamline monochromators. The Si( 111)
channel-cut crystal in the Phase I monochromator (See
1993 Activity Report) was replaced with another
Si(lll) channel-cut of a more advanced design which
allows de-tuning of the second face of the crystal
relative to the first in order to remove higher-order
harmonic radiation from the monochromatic beam.
This crystal, designed and manufactured by Professor
Michael Hart, combines harmonic rejection with the
intrinsic stability and ease of operation of a channel-cut
design monochromator. This improvement has allowed
high-quality XAFS data to be collected at BL-20B and
has improved the quality of diffraction data by
removing features due to diffraction of the higher-order
radiation.
The last major beamline component, the Phase II
monochromator, was completed and tested at the
beamline in 1994. This monochromator, which is
interchangeable with the Phase I version, incorporates
the features of sagittal focusing and fixed beam-exit
height. The monochromator is of a design adapted
from that of Matsushita et al." and consists of two
S i ( l l l ) crystals which move independently. By
positioning the second (downstream) crystal on the
monochromator axis of rotation, and allowing the first
(upstream) crystal to move along two axes normal to
each other, a fixed exit-beam height has been achieved
over the full useful energy range of BL-20B. The
sagittal focusing is accomplished by bending a ribbed

Fig. 19

The XAFS station at BL-20B also continues to
advance. During 1994, funding was approved for a
further major addition to XAFS instrumentation in the
form of a multi-element solid-state detector system for
the recording of fluorescence XAFS of very dilute
samples. The installation of this detector in 1995 will
allow previously impossible measurements on dilute
solutions, surfaces and single crystals to be carried out
at BL-20B.

Photograph showing the mechanism of the Phase II monochromator in use at the Australian Beamline
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3.

Example of powder diffraction data extracted from IPs and refined using Rietveid analysis

EXPERIMENTS AVAILABLE AT BL20B

The multi-purpose nature of the Australian
Beamline and the instrumentation installed there has
resulted in many different experimental configurations
being commissioned, tested and successfully employed
during 1994. The status and application of some of
these techniques is described below.

4.

HIGH RESOLUTION POWDER
DIFFRACTION

The major design goal for the Australian Beamline
diffractometer was that it be able to be used for highresolution powder diffraction using both imaging plates
(IPs) in Debye-Scherrer camera mode and conventional
detectors and analysers in scanning mode. To this end,
a great deal of effort has gone into developing this
capability and testing its performance on standard and
unknown samples. In particular, the use of IPs to
collect powder diffraction data proved to be very
successful and the results of testing carried out in 1994
were published."1 Because the use of IPs to collect full
pattern powder diffraction data is novel, software to
extract the data and output it in a useable form was
required and developed by Australian Beamline staff.
C-13

Fig. 20 shows an example of a powder diffraction
pattern collected at BL-20B and the fitting that was
achieved using a Rietveid refinement technique. The
quality of the refined data compared to that obtained for
the same sample using neutron diffraction is shown in
Table 1.
It is apparent that, the X-ray IP data is in good
agreement and has allowed the successful determination
of such characteristics as atomic positional parameters
and isotropic thermal parameters for the unknown
sample in question.
It is anticipated that the powder diffraction
capability of the Australian Beamline will be open to
the general user community of the Photon Factory in
mid-1995.

5.

X-RAY ABSORPTION SPECTROSCOPY
(XAS)

The addition of the harmonic rejection capability
to the Phase I monochromator has made it possible to
collect high-quality X-ray absorption spectroscopic
data at BL-20B. At present, it is possible to collect
both transmission and fluorescence XAS data using
two or three ion chamber detectors in the former case
and a Lytle detector for fluorescence experiments.

Table 1

Summary of Parameters refined from IP Powder Data of SnO* collected at X. = 0.65 Acompared to Neutron
Diffraction Data

5-45
a
c
X

B(Sn)
B(O)
R,
R*.
Peaks

4.7367(2)
3.1860(1)
0.305(1)
0.18(2)
0.43(14)
7.66
1.23
43

IP data angle range
45-85
4.7341(2)
3.1843(1)
0.3070(4)
0.24(1)
0.43(2)
2.79
1.56
160

neutron
85-125

5-125

data

4.7361(6)
3.1856(5)
0.3050(4)
0.29(1)
0.37(2)
2.14
1.63
237

4.7350(1)
3.1848(1)
0.3053(4)
0.22(1)
0.38(3)
4.87
*
440

4.7374(1)
3.1864(1)
0.3056(1)
0.27(1)
0.34(1)
5.07
1.33
74

Both XAFS and XANES techniques were successfully
employed and demand for this experimental capability
continues to increase. During 1994, the following XAS
studies were successfully carried out at the Australian
Beamline.
•

•
•

6.

7.

CONCLUSION
The progress made at the Australian Beamline
during 1994 reflects not only the efforts of the beamline
staff and the researchers who have assisted in the many
commissioning experiments, but is also greatly due to
the advice, assistance and cooperation of the Photon
Factory staff. The ANBF wishes to thank the academic,
technical and administrative staff of the PF and KEK
for support and we look forward to a continuation of
what is already a successful and fruitful collaboration.

Transmission XAFS studies of carbon
monoxide-bound iron and halide-bound
manganese porphyrins
Transmission XANES study of SYNROC model
compounds and precursors
Fluorescence XAFS study of zeolite-supported
organo-metallic catalysts
Fluorescence XAFS study of germanium defect
sites in optical fibres

G. J. Foran
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OTHER TECHNIQUES

A number of other experimental configurations
using the diffractometer at BL-20B were commissioned
during 1994. The unique ability to operate in a vacuum
has resulted in very impressive results being recorded
when the instrument was used as a triple-axis
diffractometer4> and for measuring off-specular
reflectivity of surfacesS). The use of IPs to record
diffraction data from multilayer materials has also
produced exciting results and further application of the
diffractometer to this field of study is expected. Finally,
the intensity gain achieved with the Phase II
monochromator allowed preliminary testing of the
diffractometer in protein camera mode. Further
development of this mode is planned for 1995.
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Users' Reports

Professor M. Kihara reporting on PF activities in Users' meeting

CONTENTS OF USERS1 REPORTS
Title

First Author

Proposal NaPaae

BL-1A
Angle-Resolved Photoelectron Spectroscopy of Sb-Terminated
GaAs(001)

Maeda, F.

93-Y001

1

Chemical State Resolved XSW Analysis Using Chemical Shift
in Photoelectron Spectra

Sugiyama, M.

93-Y001

2

Comparative Study between MEE-and MBE-Grown InSb
Nanocrystals on SeleniumTerminated GaAs by Photoelectron
Spectroscopy

Watanabe, Y.

93-Y001

3

Growth Mechanism of InSb Nanocrystals on Selenium-Treated
GaAs Studied by Photoelectron Spectroscopy

Watanabe, Y.

93-Y001

4

Initial Stages of Cu Surfactant Growth on Sb-Adsorbed
Diamond Surfaces

Oshima, M.

93-Y001

5

Photoemission Spectroscopy Study on Porous Silicon Surface

Kiyokura, T.

93-Y001

6

S K-Edge XANES and Soft X-Ray Photoemission Spectroscopy
of Sulfur-Treated GaAs Surfaces

Maeyama, S.

93-Y001

7

Soft-XSW Analysis of Sulfur Interlayers in MBE-Grown
SrF2/S/GaAs{lll}

Sugiyama, M.

93-Y001

8

SR Measurements on SrF2 Thin Films Deposited on InP

Heun, S.

93-Y001

9

Surface Structure of Sulfur-Passivated GaAs(001)

Sugiyama, M.

93-Y001

10

Transmission Functions of the Grating/Crystal Monochromator
in the Energy Region of Soft X-Rays

Maeyama, S.

93-Y001

11

Valence-Band Offset at Heterointerfaces between InAs Nanocrystals and Se-Terminated GaAs Determined by Photoelectron
Spectroscopy

Watanabe, Y.

93-Y001

12

X-Ray Absorption Fine Structure Measurements on Sulfur
Interlayers in MBE-Grown SrF2/S/GaAs(l 11)

Maeyama, S.

93-Y001

13

Measurement of the Mass of the Electron Neutrino Using
Electron Capture in ^63H 0

Yasumi S.

91-272

14

Resonant Emission Spectra and Resonant Auger Spectra in
Si-K and Y-Lm Absorption Edge

Kozuka, N.

93-G128

15

BL-2A

Observations of Post-Collision Interaction Effects Using Threshold
Photoionization Methods

Hayaishi, T.

93-G308

16

New Structures Observed in Resonant Photoemission from the
Ni3 s LevelofNiCl2

Okusawa, M.

91-271

17

3d XPS of Gd-Lu Multilayers

Hanyu, T.

92-146

18

Angular Distribution of the Fragment Ions after the Inner-Shell
Excitation of Triatomic Molecules VI. High-Resolution O K-Edge
Absorption Spectra of N2O

Adachi, J.

92-G142

19

Resonant X-Ray Emission Spectra of La2CuO4 and CuO

Ichikawa, K.

93-G129

20

Studies of Angular Correlation betrween Fragment Ions from InnerShell Excited Molecules I. Angle-Resolved Photoion-Photoion Coincidence Measurement for the Center N Is —> n* Excitation of N2O

Adachi, J.

93-G312

21

Studies of Angular Correlation between Fragment Ions from InnerAdachi, J.
Shell Excited Molecules II. Three-Body Dissociation of the N K-Shell
Excited and Ionized N2O

93-G312

22

X-Ray Absorption Study of Y i- x Ca x Ti03

Morikawa, K.

93-G361

23

Resonant M Emission Spectra in Yb2O3

Yokohama, T.

94-G199

24

Bond-Specific Ion Desorption from DCOO/Si(100) by C Is Core
Excitation

Ikeura, H.

94-G360

25

Rapid Projection of Crystal Grain Orientation Distribution in Mild
Steel Sheets by Synchrotron X-Ray Diffraction

Kawasaki, K.

91-265

26
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ANGLE-RESOLVED PHOTOELECTRON SPECTROSCOPY OF
Sb-TERMINATED GaAs(OOl)
Fumihiko MAEDA, Yoshio WATANABE, and Masaharu OSHIMA
NTT Interdisciplinary Research Laboratories, 3-9-11, Midoricho, Musashino-shi, Tokyo 180, Japan
Introduction
It was recently found that antimony atoms can
terminate GaAs(OOl)1*. This Sb-terminated surface shows a
very clear and streaky 2x4 reflection high energy electron
diffraction (RHEED) pattern, which indicates that surface is
very flat and well-ordered. For this Sb-terminated surface, the
same surface atom arrangement model as As-terminated
surface except the dimer consisting of Sb atoms instead of As
atoms was proposed1*. Since the As-dimer-origin surface state
was found on the As-terminated GaAs(OOl)2*, the similar
surface state is expected for the Sb-terminated surface.
Therefore, surface electronic structure is investigated by
angle-resolved photoelectron spectroscopy (ARPES) on the
Sb-terminated surface.
Experimental
The substrates were n-type GaAs(OOl) of super clean
grade, doped with Si to a carrier density of 3.0x10' 8 cm' 3 .
After chemical etching, the substrates were placed in a
molecular beam epitaxy (MBE) growth chamber. First, GaAs
about 40 A thick was homoepitaxially grown at a substrate
temperature of 575°C, showing a sharp streaky 2x4 RHEED
pattern. Next, more than three monolayers of Sb were
deposited on these surfaces at a substrate temperature below
200°C. Sb-terminated 2x4 surfaces were obtained by
annealing these samples at 450°C. These samples were
transferred from the MBE chamber in an ultrahigh vacuum to
an analysis chamber connected to the BL-1A. Then, ARPES
was performed on these surfaces in situ using a hemispherical
angle-resolved type analyzer. The incident photon energy
was 21 eV and energy resolution was determined to be about
0.1 eV by Au Fermi edge measurement.
Results and Discussion
Figure 1 shows angle-resolved photoelectron
spectra taken as a function of polar angle in the [1-10]
azimuth direction. Valence band maximum denoted as VBM is
also indicated in Fig. 1, which is determined from the Ga 3rf5/2
core level position at the known bulk binding energy (BE) of
18.60 eV for GaAs3).
Around 1.8 eV and 3.5 eV of BE, two dispersive
peaks can be observed. The peaks located at around 1.8 eV
disperse 0.2 eV toward Fermi level. This feature is similar to
the surface state of As-terminated surface2*, but location of BE
is a little larger. The weak emissions around 3.5 eV is located
at almost the same BE as that of bulk emission peaks
assigned in the As-terminated surface2*. Therefore, the peaks
around 1.8 eV and 3.5 eV, respectively, are thought to be due
to a surface and a bulk state.
References
1) F. Maeda et al., Phys. Rev. B 48, 14733 (1993).
2) P. K. Larsen et al., J. Phys. C 15, L431 (1982).
3) D. E. Eastman et al., Phys. Rev. Lett. 45, 656 (1980).
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Fig. 1 Polar angle dependence of ARPES spectra for the Sbterminated GaAs(OOl) in [1-10] azimuth.
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Introduction
The x-ray standing wave (XSW) technique is
capable of locating the position of particular atomic species
at a crystal surface or interfaced
We recently
demonstrated the near edge x-ray standing wave
(NEXSW) technique as a chemical state resolved surface
and interface structure analysis technique. 2 This was an
extension of the soft-XSW technique by utilizing the
chemical sensitivity of the fluorescent x-ray yield near the
absorption edge of a target element. We report here a
new chemical state resolved structure analysis technique
that combines x-ray photoelectron spectroscopy and XSW.
This photoelectron spectroscopy x-ray standing wave
(PSXSW) technique allows us to investigate the distributon
of a specific chemical state of a same element adsorbed
on a crystal surface.
Experimental
An n-type GaAs (001) wafer was dipped into an
(NH4)2Sx solution. It was then placed in an ultra-high
vacuum chamber for five days to release most of the
amorphous sulfur by sublimation. This left a surface
covered with very thin layers of sulfur atoms. To
determine the three-dimensional position of the sulfur
atoms, (1-11) and (111) reflection XSW experiments were
performed.3 Sulfur 1s photoelectrons excited by soft xrays of 2.7 keV were collected with the electron energy
analyzer.
Results and Discussion
Figure 1 shows the sulfur 1s photoelectron
spectrum excited by 2.7 keV incident soft x-rays. We
separated the spectra into only two chemical components:
peak A (S-Ga chemical component) and peak B (S-As and
S-S chemical components). The PSXSW results of the
peak A (S-Ga chemical state component) and the peak B
(S-As and S-S chemical state component) are shown in
Fig.2. The results for peak A indicate that the sulfur
atoms in the S-Ga chemical state order, while those for
peak B indicate a random distribution of sulfur atoms in SAs and S-S chemical states. The highest binding energy
chemical component in sulfur 1s core level spectra (Peak
A) originate from ordered sulfur atoms which bond with Ga
atoms. The sulfur atoms in the S-Ga chemical state on as(NH4)2Sx treated GaAs(001) surface are at the bridge site
while they are not highly ordered.
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Fig. 1 Sulfur 1s photoelectron spectrum for as-(NH4)2Sx
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Fig. 2 The soft x-ray standing-wave results for as(NH 4 ) 2 Sx treated GaAs (001).
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Introduction
Semiconductor nanocrystals grown on semiconducting
substrates are expected to exhibit quasi-zero-dimensional
quantum effects, and are attractive materials for advanced
optoelectronic. In order to clarify the crystalline quality of
the nanocrystals, it is important to measure their
stoichiometry. In this study, we investigated InSb
nanocrystal growth on a Se-terminated GaAs(OOl) surface
by a migration-enhanced epitaxy (MEE) and by a
conventional molecular beam epitaxy (MBE) to examine
the dependence of growth methods on nanocrystal
formation and stoichiometry by synchrotron radiation
photoelectron spectroscopy (SRPES).
Experimental
MBE growth, Se-treatment, and in situ surface
analysis using SRPES were performed in a growth
chamber and an analysis chamber which are connected
each other through ultra-high vacuum (UHV) at BL-1A.
The sample preparation is described in detail elsewhere.1)
Results and Discussion
We prepared three kinds of samples: nominally 1-MLthick In deposited on Se-terminated GaAs at 200°C (a),
and InSb grown by MEE (b) and MBE (c) to nominally 1
ML thick on Se-terminated GaAs at 200°C and
subsequently annealed at 200°C for 5 min under Sb
molecular beams. 2 ) The SRPES spectra for the three
samples are shown in Fig. 1, where the intensities are
normalized by the synchrotron radiation ring current. The
intensity ratio (= 1.82) of Sb 4d to In 4d peaks for the
MBE-grown InSb sample (c) is almost the same as that (=
1.81) for an InSb-grown sample on As-stabilized GaAs,
which agrees well with the calculated

value (= 1.9 to 2.0) for an InSb bulk crystal, based on
photoionization cross section. Therefore, the MBE-grown
InSb nanocrystals are found to be almost stoichiometric,
unlike the MEE-grown ones. The difference in
stoichiometry between MEE and MBE is thought to be
attributed to these growth mechanisms. Sb atoms hardly
migrate on the Se-terminated surface, and they reevaporate immediately.-')
Thus, it is speculated that, in the case of MEE growth,
only the Sb atoms reaching In droplets on the substrate
surface are incorporated into these droplets, and that, since
this incorporation efficiency strongly depends on substrate
temperatures, crystal islands grown at 200°C consist of
In-rich ones even post-annealing under Sb overpressure at
200°C for 5 min.
In contrast, stoichiometry for an MBE-grown sample
is determined by the beam flux ratio of Sb to In at this
temperature range because In and Sb atoms are
simultaneously supplied on the substarte surface.
In this report, we investigated InSb nanocrystal
formation on a Se-terminated GaAs(OOl) surface by using
an MEE mode and a conventional MBE mode. The MBEgrown InSb nanocrystals are almost stoichiometric and
have higher nanocrystal density than the MEE-grown
ones.
References
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2)Y. Watanabe, et al., Applied Surf. Science 82/83 (1994)
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drastically improves the stoichiometry of InSb
nanocrystals grown on Se-terminated GaAs. As a result,
we obtained stoichiometric InSb nanocrystals.
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Introduction
There have been no reports on the stoichiometry of
semiconductor nanocrystals because it is difficult to
evaluate the stoichiometry of these crystals that are so
small. Recently, we reported the results of InSb island
growth on Se-treated GaAs.*) In this system, the
stoichiometry of heteroepitaxial InSb island crystals can
easily be evaluated by using synchrotron radiation
photoelectron spectroscopy (SRPES) because both the
group-Ill and -V atoms are different from the atoms of the
substrate material. In this study, we examined the effects
of post annealing on InSb island-crystal formation on Seterminated GaAs and discussed growth mechanism of InSb
nanocrystals.
Experimental
MBE growth, Se-treatment, and in situ surface
analysis using SRPES were performed in a growth
chamber or an analysis chamber which are connected each
other through ultra-high vacuum (UHV) at BL-1A. The
sample preparation is described in detail elsewhere.'-*
Results and Discussion
After growing a GaAs buffer layer, we deposited
nominally 1-ML-thick InSb on GaAs at 200°C with Se
treatment, and subsequently annealed at 200°C for 5 min
under Sb molecular beams. The SRPES spectra at the
above-mentioned two stages were measured as shown in
Fig. 1. For the Se-treated sample the In Ad peak intensity
is smaller by a factor of about 5 than that without Se
treatment, of which result is consistent with island
growth on Se-terminated GaAs, considering that the mean
free path of In Ad core-level SRPES photoelectrons is
estimated to be about 6 A. 2 ) The Sb Ad peak intensity is
much smaller than the In 4d one, implying that In-rich
InSb island crystals are formed because the calculated
value of the intensity ratio of the Sb Ad to In Ad peak is
1.9 to 2.0. As shown in Fig. 2, the lack of Sb in the
InSb island crystals can be explained as follows. Our
recent SRPES results demonstrated the inertness of Seterminated GaAs surfaces against impinging Sb atoms at
more than 200°C, 3 ) which means that surface-resident
lifetimes of Sb atoms on the Se-terminated surface are
very short. Thus, Sb atoms migrate little on the Seterminated surface before they re-evaporate. This suggests
that only the Sb atoms that reach InSb islands are
incorporated into these crystals. On the other hand, In
atoms migrate on the Se-terminated surface and prefer to
form clusters because of the low surface free energy on the
Se-terminated GaAs substrate. Therefore, post-annealing
under an Sb molecular beam should improve the
crystalline quality. As shown in Fig. l(b), the ratio of Sb
Ad to In Ad for the post-annealed sample becomes almost
the same value as that of stoichiometric InSb. The
stoichiometry of nanocrystals was evaluated for the first
time by using in situ SRPES. We demonstrated that Sb
incorporation occurs during post-annealing and that this
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Introduction
Since Cu (a=3.61496A) is closely lattice
matched to diamond (a=3.56683A )> Cu is
expected to form an epitaxial overlayer. In
this study, we investigated initial stages of
Cu overgrowth on diamond films using
surfactant atoms such as arsenic and antimony
in comparison to the hydrogen - terminated
diamond surfaces.
Experimental
Experiments with photon energy of about 100
eV were performed at beamline 1A of the
Photon Factory in KEK. For C Is core levels,
X-ray photoelectron spectroscopy (XPS) was
used. An As or Sb flux beam from conventional
K-cells was irradiated onto the polycrystalline diamond films" . Cu was deposited
on the H-terminated and adsorbed diamond
surfaces.
Results and discussion
We have found that while no As adsorption
was observed on diamond surfaces, strong Sb4d
5/2 and 3/2 peaks were clearly observed on
diamond. The coverage of the surface Sb layer
after 200 °C annealing was calculated to be
about 35 %
Next, we deposited Cu metal on both Hterminated and Sb-adsorbed diamond surfaces
at RT. As shown in Fig. 1, the Sb4d peak
intensity drastically decreases for more Cu
deposition, suggesting that almost all the Sbadsorbed layer remains at the Cu-diamond
interface having stable Sb-C bonds.
In order to investigate the effect of the
Sb layer on metal-diamond contact formation2
, XPS Cls spectra were analyzed. When Cu was
deposited on clean diamond surface, the Cls
peak drastically shifted toward higher
binding energy. In contrast, a small Cls peak
shift was observed for the Cu/Sb/diamond case,
indicating that the Sb atoms act as a buffer
layer to prevent the Cu-diamond interfacial
reaction.
The Cu surface morphology was analyzed by
AFM. Figure 2 exhibits AFM images of Cudeposited surfaces on polycrystalline diamond
grains. The Cu overlayer on Sb/diamond is

rougher than that on H/diamond.
In conclusion, Cu deposition on Sbterminated diamond surfaces shows Sb
surfactant effects with respect to surface
morphology and electronic properties.
References
1) H. Kawarada et al.,Proc. ISCSI-1, 1994
Elsevier Science B.V., p.161.
2) W.R.L. Lambrecht, Physica B 185 (1993) 512.
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Fig. 2 AFM images of Cu-deposited surfaces on
(a) H-terminated diamond and (b) Sb-adsorbed
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Experimental
The porous silicon sample was made from
boron doped p-type Si(001) wafer by anodization. The PL peak energy of the porous silicon is
about 1.9eV, which is O.seV wider than bulk silicon band gap. This sample was immersed in 46%
HF solution for 300s to remove the oxide and
then immersed in ultra pure water for 300s. To
suppress oxidization by air exposure, the sample
was set into a fast entry air lock chamber without
drying. Photoemission spectroscopy were performed at BL-1A. He I (21.22eV) and synchrotron radiation (138.5eV) sources were used. The
same preparation procedure was also performed
on Si(001), Si(l 11) and poly Si.
Results and discussion
Figure 1 shows the ultraviolet photoemission spectroscopy (UPS) spectra of valence band
maximum(VBM). The spectra from porous silicon is shifted to higher binding energy comparing to the other silicon surfaces. This difference
is roughly estimated to be leV. The origin of this
shift has been explained as quantum confinement
energy 4). However, the magnitude of this shift is
different from the value derived from the PL result, therefore we should consider an additional
shift caused by different origin.
Figure 2 shows the Si2p core level spectra
by synchrotron radiation photoemission spectroscopy. The difference in Si2p peak position
between porous silicon and others is about
0.6eV. The core level shift is not caused by quantum confinement. Furthermore charging effect
can be neglected because the difference in Si2p
peak position between porous silicon and
S i ( l l l ) surface did not change even after Au
deposition. This difference (0.6eV) in Si2p is
caused by band bending, which must be included
in the shift (leV) at the valence band

maximum.Therefore, the quantum confinment energy comes to 0.4eV or less, which is consistent
with the PL result and calculation. This value is in
good agreement with the result
which is estimated
from the Si nano-ball model5). In conclusion, the
shift which is observed by UPS(Fig.l) can be explained by the sum of band bending(0.6eV) and
VBM shift by quantum confinement(0.4eV).
References
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2) R. P.Vasquez et al., Appl. Phys. Lett. 60, 1004
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3) K. Inoue et al., Jpn. J. Appl. Phys. 32, L361 (1993).
4) Y. Suda et al., Jpn. J. Appl. Phys. 33,581 (1994).
5) T. Takagahara et al., Phys. Rev. B46, 15578 (1992).
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Introduction
The mechanism leading to intense roomtemperature visible photoluminescence (PL) exhibited by porous silicon ° is still a source of controversy. To determine this mechanism, several
experiments were
carried out by photoemission
spectroscopy 2A) which is a very useful tool to
study the band structure. However, In former
reserch, surface effect is not considered. In this
study, we examined the porous silicon surface by
photoemission spectroscopy, considering band
bending effect.
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Fig.1 Valence band maximum (VBM) photoemission
spectra of porous Si, Si(100), Si(111), poly Si surfaces.
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Fig.2 Si 2p core level photoemission spectra of porous Si,
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Introduction
Sulfur treatment with an (NH4)2SX
solution is regarded as an efficient surface
passivation technique to reduce surface
states on GaAs." Although S2p photoemission
analyses revealed that sulfur - treated GaAs
surfaces are terminated by Ga-S bonds.2) S2p
spectra are not necessarily understandable
because the S2p peak is split into doublet
peaks by spin-orbit coupling. In this report
we have measured Sis photoelectron spectra and
S K-edge x-ray absorption near edge structure
(XANES) by using synchrotron radiation soft
x-rays to obtain detailed information about
surface chemical bondings of the sulfur treated GaAs from the Sis core-level, which
has no spin-orbit splitting.
Experimental
Si-doped n-GaAs(lll)A, (lll)B and (100)
wafers were dipped into an (NH4)2SX
solution. The Sis pnotoemission and S K - edge
XANES experiments were carried out at the NTT
beamline (BL-1A) of the Photon Factory in
Tsukuba. The Sis photoelectrons excited by
2.7 keV soft x-rays were detected by a CLAM-2
analyzer. S Ka fluorescence yields counted
by a solid state detector were recorded as a
function of the incident energy in the S Kedge region. Both measurements were done
before and after annealing the samples at 430
°C for 10 min in vacuum.
Results
Figures 1 and 2 show S K-edge XANES and
Sis photoelectron spectra for (a) the a s treated and (b) the annealed GaAs(100)
samples. Sis spectra similar to those in Fig.
2 were obtained for GaAs(lll)A and B samples.
By deconvolution of the Sis peak, four sulfur
bonding states (S-Ga, S-As, S-S and S-O) on
the as - treated surfaces and only the S - Ga
bonding on the annealed surfaces were observed.
They are resolved more clearly than in the S2p
spectra. The XANES for the as-treated samples
had the same fingerprint. The higher peak
located at 2482 eV corresponding to the S-0
peak in the Sis spectrum was assigned2 3>
to the
edge-jump peak of the oxyanion SO4 ~ The
XANES spectra after annealing were slightly
different between the three s a m p l e s ,
indicating different S-Ga bonding conditions
for the GaAs(lll)A, B and (100) surfaces. The
large spectral changes in both the Sis
photoemission and S K-edge XANES by annealing
are mutually consistent and suggest that
annealing the sample is indispensable for the
surface termination by the S - Ga bond.
R,6f srGncGS

(a)as-treated

(b)annealed
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Fig.l S K-edge XANES spectra for the sulfurtreated GaAs(100) surface (a) before and (b)
after annealing in vacuum.
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Fig.2 Sis photoelectron spectra for the
sulfur - treated GaAs(100) surface (a) before
and (b) after annealing in vacuum.
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Experimental
Si-doped n-GaAs(111)A and (111)B wafers were
used as the substrate. After chemical cleaning, the
GaAs(111) wafers were dipped into an (NH4)2SX solution
and annealed at about 430°C for 10 minutes in a vacuum.
10OA-thick SrF2 epitaxial insulator overlayers were grown
on the (NH4)2Sx-treated GaAs(111)A and (111)B at 430
°C. The soft x-ray standing wave experiments were
carried out at the NTT beam line 1A of the Photon Factory,
the National Laboratory for High-Energy Physics. In
these experiments, incident soft x-rays with a 2.5 keV
energy just above the S K-edge were used for the {111}
XSW experiments. S Ka (2.3 keV) fluorescent x-rays
generated by the standing waves were measured as a
function of sample rotation angle using a highly pure Si
detector placed in the horizontal place at a 90° scattering
angle. The sample angle was scanned on a vacuum
goniometer system around the {111} Bragg condition.1
Results and Discussion

(a)

(111)

S-passivation treatment reduces the GaAs surface
states and improves the electrical properties of
metal/GaAs and insulator/GaAs interfaces. These
electrical properties are considered to be closely related
to the interfacial structure at the overlayer/S-passivated
GaAs interface. In the present paper, soft x-ray
standing-wave (XSW) experiments have been performed
to investigate the interface structure of MBE grown
SrF2/S/GaAs (111 )A and B.
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Figure 1 shows the XSW results of the S Ka
fluorescent x-ray yields before and after SrF2 growth on
the S-passivated GaAs (111)A. The P values of S atoms
were not changed by the SrF2 growth for both (111)A and
(111)B. This indicates that S atoms on GaAs(111)A
remains on top of the first-layer Ga atoms for (111 )A and
S atoms on GaAs(111)B remains at the first layer As
atoms positions even after the SrF2 growth as same as
after the CaF2 growth. 2 However, the F values of S
atoms were slightly decreased by the SrF2 growth. This
suggests that disorder of the S layers is induced by the
SrF2 growth on S/GaAs(111 )A and (111 )B surfaces.3
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FIG. 1. S Ka fluorescence yield (open circles) before and
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the {111} Bragg condition for SrF2/S/GaAs(111)A; (a)
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The alkaline earth fluorides are interesting materials for insulating layers on semiconductors. We
examined the growth of SrF2 on InP, because
this material combination is of special interest for
MIS-device applications. The experiments using
surface sensitive synchrotron radiation photoelectron spectroscopy (SRPES) were performed at the
beam line BL-1A at the Photon Factory, Tsukuba,
Japan.
was deposited on HF etched as well as on
As treated InP(lOO) and (111). The SrF 2 was deposited at room temperature, increasing the film
thickness step by step after successive SRPESmeasurements. The structural properties of these
films were studied by RHEED [1, 2]. In general,
the epitaxial quality of SrF2 films deposited on
As treated InP is better than that of SrF2 on HF
etched InP. On the other side, the surface roughness of films on As treated InP, as measured with
AFM, is larger than that of films on HF etched
InP [3].
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SRPES spectra for SrF2 on As treated
InP(100) and (111) were measured. These spectra
are shown in fig. 1. The most prominent difference between the two series is that on As treated
InP(100) the In4d peak is still visible even after
deposition of 50A SrF2- This is in contrast to As
treated I n P ( l l l ) , where the In4d peak disappears
after the deposition of 35A SrF2- A detailed study
of the SRPES data shows that SrF2 grows on As
treated InP in Stranski-Krastanov mode [3]. But
the thickness of the continuous base layers is significantly different between the two orientations.
On As treated InP(lOO) the base layer is only 2
monolayers thick, while its thickness exceeds 20A
on As treated I n P ( l l l ) . The difference between
these two orientations is simply related to the
well known fact that the surface free energy of the
(111) orientation is lower than that of the (100)
orientation [4]. A crystallization effect of approximately 1 eV was observed in all measured SRPES
spectra after annealing at 500°C.
An interfacial reaction occurs after annealing
SrF 2 on HF etched I n P ( l l l ) at 500°C. After this
annealing step a second component is observed in
the XPS Sr3d- and Fls- peaks. These peaks are
related to interfacial material. A detailed study
shows that the interface layer consists of SrF,
while the bulk is stoichiometric SrF2 [3]. No such
reaction has been observed for SrF2 on As treated
I n P ( l l l ) or for SrF 2 on InP(lOO).
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Introduction
It is well known that (NH4)2SX treatment reduces
surface states of GaAsJ Photoemission spectroscopy
studies revealed that both S-Ga and S-As bonds exist on
the as-treated surfaces and that thermodynamically stable
S-Ga bonds become dominant after annealing at 250-500
°C in a vacuum.^ Ohno et al. 3 suggested the optimal
adsorption sites for a monolayer of sulfur atoms on GaAs
surfaces by minimizing the total energy. The x-ray
standing wave (XSW) technique has been developed into
a highly accurate technique of locating the position of
particular atomic species.4 We report here the threedimensional positions of sulfur atoms adsorbed on GaAs
(001) surface analyzed by using the angle-scan soft XSW
technique.^
Experimental
An n-type GaAs (001) wafer was treated with an
(NH4)2SX solution. This sample was then annealed at
about 500 °C in a vacuum for 10 minutes. Soft XSW
experiments were carried out at the NTT beamline 1A of
the Photon Factory at the National Laboratory for High
Energy Physics. Incident angle was scanned step by
step near two different reflections, such as (1-11) and
(111), for the same sample. Sulfur Ka fluorescent x-rays
were collected with a highly pure Si detector.
Results and Discussion
Figure 1 shows the soft XSW results for sulfurpassivated GaAs(001). Determined P values of sulfurpassivated GaAs (001) surface indicate that sulfur atoms
are at the bridge site on the Ga-terminated GaAs(001)
surface forming bonds with two Ga atoms as shown in fig.
2.5 Furthermore, distance between sulfur atomic layer
and 2nd Ga atomic layer is found to be 1.1 A. This agrees
well with the optimal adsorption model for a monolayer of
sulfur atoms on GaAs surfaces by minimizing the total
energy.
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TRANSMISSION FUNCTIONS OF THE GRATING/CRYSTAL MONOCHROMATOR
IN THE ENERGY REGION OF SOFT X - RAYS
Satoshi MAE YAM A, Munehiro SUGIYAMA and Masaharu OSHIMA
NTT Interdisciplinary Research Laboratories, Musashino-shi, Tokyo 180, Japan
Introduction
The optics of the beamline 1A (BL-1A) at
the P h o t o n F a c t o r y c o n s i s t s of a
grating/crystal monochromator (GCM)
and two
off-axis paraboloidal mirrors.L2) These two
mirrors are fused quartzs coated by Platinum,
which are located in the upper and down
streams of the GCM for collimating and
focusing beams. We have a plan to exchange Ni coated mirrors for these Pt-coated mirrors in
order to remove absorption structures at the
Pt M-edges from the transmission function in
the soft x-ray region. For the preliminary
stages, we replaced the Pt-coated focusing
mirror with a Cr-coated one.

1 '

(a)
IVIi

1

-

u
u

•

!

a JI
° Hi
u »-1
"

(E
J
3 ,,

u
J

Pt

/

u

v~

•

Pt X Pt
—-——-^_^

/
\\

u

IELD (a.

!

/

.i

I

m

' '

•

U

Experimental
A pair of inSb(ill) crystal was used as
d i f f r a c t i n g e l e m e n t s of the GCM for
monochromatizing soft x-rays. To obtaine
transmission functions, Ga L a and As La
fluorescence yields from a GaAs wafer counted
by a solid state detector were recorded as a
function of the incident energy in the energy
range of 2000-4000 eV. The measurements were
done before and after exchanging the Crcoated focusing mirror for the Pt-coated one
at the BL-1A.
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Results
Figures l-(a) and l-(b) show transmission
functions measured by the fluorescence yield
for the Pt-coated focusing mirror used so far
and the new Cr-coated one in combination with
the Pt-coated collimating mirror. Calculated
reflectivities for these m i r r o r s are also
shown in the insets of the Figures. In Fig.l(a) the yield decreases rapidly due to
absorption of the double Pt-coated mirrors in
the Pt M5-edge(2133 eV) and the low yield is
keped up to the In L3-edge(3730 eV). In
Fig.l-(b) absorption due to the Pt M-edges is
reduced by using the Cr - coated mirror in
combination of the Pt-coated one and thus the
yield in the energy region of 2400 eV
increases by approximately three times that in
the case of the double Pt-coated mirrors.
However, the yield is not obtained in the
energy region over 3200 eV because of the
cutoff energy of the Cr - coated mirror with 1
0
glancing angle. Transmission function
without the absorption structure and with the
improved output in the region over 3000 eV
will be obtained by using double Ni - coated
mirrors, since Ni has no absorption edge in
this region and the higher cutoff energy than
Cr.
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Fig.l Transmission functions of InSb(lll)
crystals measured by fluorescence x - ray
yields from GaAs using (a) Pt-coated focusing
mirror and (b) Cr-coated one in combination
with Pt-coated collimating mirror. The insets
show calculated reflectivities for a Ptcoated mirror, Cr-coated one and combination
of these ones with incidence angle of 1 degree.
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VALENCE-BAND OFFSET AT HETEROINTERFACES BETWEEN InAs NANOCRYSTALS AND
Se-TERMINATED GaAs DETERMINED BY PHOTOELECTRON SPECTROSCOPY
Yoshio WATANABE, Fumihiko MAEDA and Masaharu OSHIMA
NTT Interdisciplinary Research Labortories, Musashino-shi, Tokyo, 180 Japan
Introduction
Semiconductor nanocrystals grown on semiconducting
substrates are expected to exhibit quasi-zero dimensional
quantum effects, and are attractive materials for advanced
optoelectronic devices such as extremely efficient
semiconductor lasers. In this study, we examined the
valence-band offset at heterointerfaces between InAs
epitaxial nanocrystals and Se-terminated GaAs substrates
by synchrotron radiation photoelectron spectroscopy
(SRPES).
Experimental
MBE growth, Se-treatment, and in situ surface
analysis using SRPES were performed in a growth
chamber and an analysis chamber which are connected
each other through ultra-high vacuum (UHV) at BL-1 A.
The samples were Si-doped n-type GaAs(OOl) wafers with
a carrier density of 1x10'° crrr-\ The sample chemical
treatment, surface cleaning, GaAs buffer-layer growth, and
Se treatment were previously described in detail. ) The
two kinds of samples were prepared by (i) depositing
nominally 3-ML-thick InAs on As-stabilized GaAs at
200°C, and (ii) depositing nominally 3-ML-thick InAs on
Se-terminated GaAs at 200°C by MBE. A fine streaky,
As-stabilized 2x4 RHEED pattern was observed after
GaAs epitaxial buffer layer growth, and also after the Se
treatment the surface structure changed to show a 2x1
RHEED pattern, which implies a Se-terminated GaAs
surface.
Results and Discussion
Figure 1 shows the core-level SRPES spectra for both
two samples, where the intensities are normalized by
synchrotron radiation ring current. For the sample without
Se treatment, the peak intensity of In Ad is stronger than
that of Ga 3d whereas for the Se-treated sample the peak
intensity of In Ad is very weak. This difference in the
ratios of Ga 3d and In Ad is also observed in the case of
InSb growth.2) This result indicates InAs island
formation on the Se-terminated GaAs surface, by
considering that the height of InAs islands is larger than
the photoelectron mean free path of In Ad SRPES
photoelectrons, which is estimated to be about 5 A. Thus,
this result supports the interpretation that InAs islands are
formed on the Se-terminated GaAs surfaces even at the
very early growth stages. From the deconvoluted results
in the In Ad core-level SRPES spectra, there are two peaks
in the In Ad spectrum for the Se-treated sample, which are
assigned as the In-Se bonding states and the In-As
bonding states. There also exist the In-Se bonding states
for the sample without Se treatment. This happened
because the Se treatment and MBE growth were performed
in the same chamber. Thus no Se-contamination can be
avoided. It is noted that the Ga 3d peak position shifts
forward to the higher binding energy, which is induced by
Se treatment. On the other hand, no shift occurs in the In
Ad peak position. This behavior can be explained by

using the energy band diagrams as shown in Fig. 2.3) For
the Se-treated sample, the Ga 3d spectrum comprises
photoelectrons coming from the InAs-uncovered substrate
surface area. Thus, the Ga 3d peak shift can be observed
accompanying with reduction of band bending due to Se
treatment. However, no change in the In Ad peak occurred.
Therefore, band bending would take place again during
InAs deposition, which might be caused by the residual
strain and/or generation of dislocation at the
heterointerface due to the lattice mismatch between InAs
nanocrystals and GaAs.
References
1)Y. Watanabe, et al, Jpn. J. Appl. Phys. 33 (1994) 698.
2)Y. Watanabe, et al., Applied Surf. Science 82/83 (1994)
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X - RAY ABSORPTION FINE STRUCTURE MEASUREMENTS ON SULFUR INTERLAYERS
IN MBE- GROWN SrF 2 /S/GaAs(lll)
Satoshi MAEYAMA, Munehiro SUGIYAMA, Stefan HEUN and Masaharu OSHIMA
NTT Interdisciplinary Research Laboratories, Musashino-shi, Tokyo 180, Japan
Introduction
Sulfur treatment with an (NH4)2SX
solution is regarded as an efficient surface
passivation technique
to reduce surface
states on GaAsD. We have grown fluoride
insulator films on sulfur - treated GaAs
surfaces by MBE, which is required for metal
insulator - semiconductor (MIS) devices. In this
report we have measured x-ray absorption fine
structure (XAFS) at the S K-edge by using
synchrotron radiation to investigate the
relationship between the sulfur interlayer and
the fluoride overlayer.

SrF2/S/GaRs(lll)B

Experimental
SrF2 overlayers were grown by MBE at 430
°C on (NH4)2SX-treated GaAs(lll)A and
(lll)B surfaces. Although reflection high energy electron diffraction (RHEED) patterns
showed that SrF2 layers could be grown
epitaxially on both surfaces , the SrF2
epitaxial film was found to have better
crystallinity on the GaAs(lll)B than on the
(lll)A by means of x-ray diffraction. For
analyzing the interfacial structure, XAFS
measurements were carried out at the NTT
beamline (BL-1A) of the Photon Factory in
Tsukuba. X-ray absorption near edge structure
(XANES) and extended x-ray absorption fine
structure (EXAFS) spectra were recorded by
monitoring S K a fluorescence yield with a
solid state detector.
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SrF2/S/Gafls(lll)fl
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2478 2480 2490 2500 2510
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Fig.l S K-edge XANES spectra before and after
growing SrF 2 epitaxial films on sulfurtreated GaAs (111).

Results
Figures 3 and 4 compare the S K-edge XANES
and the Fourier transform of the S K-edge
EXAFS before and after growing the SrF2
overlayer. In the XANES spectra after the
growth, an edge-jump peak at 2472eV based on
the S - Ga bond was observed as a shoulder peak
for the GaAs(lll)B but not for the (lll)A.
The first peak of nearest neighbor Ga atoms
at 1.9 A was found in the Fourier transform
after the growth on the GaAs(lll)B, but, again,
not on the ( l l l ) A . These XAFS results
demonstrate that a number of S atoms remain at
the interface between the SrF2 layer and the
GaAs(lll)B, indicating the existence of the S
interlayer, while the S atoms do not exist at
the same position as before the growth in case
of the (111)A. This behavior of the S atoms
due to the relative stability of sulfur on
(NH4)2SX - treated GaAs(lll)A and (111)B2)
is c o n s i d e r e d to be r e l a t e d to the
crystallinity of the SrF2 epitaxial films on
the GaAs(lll)A and (lll)B.

Distance r
Fig.2 Fourier transforms of S K-edge EXAFS
signals
' "
before
and' after
"
growing• "SrF"2
1
' * film on sulfur-treated GaAs(lll)B.
epitaxial
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The principle of our method for measuring the
mass of the electron neutrino (mVp) is
summarized as follows. First, the M X-rays
from M-electron capture in 163Ho are measured.
If Sp 1 6 3 H o stands for the photon, spectrum from
163
Ho, where the number of photons per atom
per second is plotted as a function of the energy
of photons, we have

(2)
Similarly, we get
SM#) =
x [Nm <T2(EM2+A2)]-1

We took the values of 2.070 keV and 2.020
keV for £ M I + ^ 1 and EM\-AI,

Sp 1 6 3 H o =
W + *M 2 • S M 2 (*).
(D
where SMJ(&) (i = i,2) is the M X-ray spectrum
from a Dy atom in the case where there is one
vacancy in the Mj (i = 1,2) subshell only; k is the
energy of emitted photons; Xy[\ (i = 1,2) is the
partial Mi electron capture decay constant.
Next, the S M J and SM2 spectra of the
dysprosium atom can be obtained from
fluorescence spectrum measurements as follows.
If Sg denotes an M X-ray fluorescence spectrum
from Dy atoms excited by monochromatic
photons having an energy E, Sp is represented by
the equation

SE(k)=Nm

I o\(E) • SMi(*) , (i = 1,

(3)

and

1.826

keV

for

£M

+
2

and 1.848

^ 2 and

keV

£'M2~^2,

respectively. Fluorescence spectra of Dy for
these incident photons from BL-2A were
measured. Using equation (2) and (3), we
obtained SMJ and S M 2 spectra. Using SMI and
S M 2 thus obtained, S p 1 6 3 H o spectrum was
reconstructed by equation (1). Then, AMI and
AM 2 w e r e determined to be AM i =
(0.984610.0492) x 10" 12 s"1, and A M 2 =
(0.0850±0.0026) x 10"12 S"1.
On the other hand, the half life of the 163 Ho
nucleus was determined by measuring the
production rate of 163Dy due to electron capture
in 1 6 3 H o with isotope dilution mass
spectrometry. Our result is
r 1/2 =4569±27yr or At=(4.807±0.028)xl0-1V1
Using the values of AMp AM2 a n d At as three
constraints, mVe, the 2-value and the log(/r)

, 5)

i=l

where <7i(£) is the photoionization cross section
for the M{ subshell for an incident photon of
energy E; m is the number of dysprosium atoms
in a target per cm2; N is the total number of
incident monochromatic photons having as
energy E. In order to determine the S M I
spectrum, we take two energies for incident
photons, £ M I + ^ 1 and £ M I ~ ^ 1 where £ M I
stands for the binding energy of the M\ subshell
and the energy Ai is assumed to be comparable
with the level width of the Mi subshell. Finally
we have

value for the decay of l63 Ho -£% 163 Dy, were
determined from the formula of the electron
capture rate for Gamow-Teller allowed transition
as follows1): mv& = 110 ±Jj>8 eV, Q = 2.710

J$ keV, log(ft) = 4.993^fep.
Therefore we conclude that m Ve < 460 eV
(68% CL).
Reference
1) S. Yasumi et al., Phys.Lett. B334 (1994) 229.
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RESONANT EMISSION SPECTRA AND RESONANT AUGER SPECTRA
IN §i-K AND Y-Lm ABSORPTION EDGE
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Takayuki Kashiwakura, Shun-ichi Nakai, Hiromu Arai*
Faculty of Engineering, Utsunomiya University, Utsunomiya 321, JAPAN
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Introduction
We have measured Si-Ka Resonant X-ray Emission
Spectra (RXES) and Si-KLL Resonant Auger Spectra
(RAS) in the vicinity of Si-K absorption edge for Si
single crystal, and found there is good correspondence
between the peak shift and the incident photon energy
in both spectra.1-1 In this study, we have measured SiKa RXES and Si-KLL RAS in Si-K absorption edge
for Si, S1O2, and also Y-LMM RAS in Y-Lm
absorption edge for Y metal, YF3 and YCb. In the case
of SiO2, RXES showed simple structure, however RAS
showed complex structure in contrast with Si.
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Experimental
RXES were measured at undulator beam line BL-2A
of Photon Factory. The energy of fluorescent X-ray
was analyzed by a curved crystal monochromator.
RAS were measured at BL-11B. The energy of
Auger electron was analyzed by a double pass
cylindrical mirror analyzer.
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Fig. 1 Si-AT# resonant emission spectra of S1O2
Surface Oxidized
SI KLL Auger

Results and Discussion
In this paper, we represent only for SiCte. Figure 1
shows Si-Ka RXES using incident photon energy in
the vicinity of Si-AT absorption edge. As far as incident
photon energy reached at 1846.5eV, it is observed that
the intensity of the spectra increases resonantly. And
the peak energy exhibits linear dispersion as a function
of incident photon energy. Moreover these line shapes
are asymmetry. Therefore these phenomena are owing
to X-ray resonant Raman scattering. Above the
threshold these spectra are assigned as the normal Ka
emission. Figure 2 shows Si-KLL RAES of S1O2. It is
observed that L and L1 peak energies exhibit linear
dispersion with incident photon energy, while N and N'
peaks show no dispersion. The N series are assigned as
a normal Auger process. In the case of L series, the
dispersion lines appears above and below the threshold
show discontinuity at the K absorption region. Therefor,
two processes are considered as the origin of the
spectra. Above the threshold, the L series are assigned
as a spectator Auger process. While below the
threshold, the L series can be assigned as the Auger
process which analogous to the X-ray resonant Raman
process.
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Introduction

Experimental

Post-collision interaction (PCI) effects appear in an
Auger decay following inner-shell photoionization of
atoms. The PCI effect is caused by a sudden change of
the Coulomb field that the faster Auger electron feels on
overtaking the initially ejected slower photoelectron.
The faster Auger electron gains energy in the sudden
change and, as its counter part, the slower photoelectron
losses energy by the same amount. As the result of this
energy exchange, the PCI energy distribution for the
photo- and Auger electrons obtains a characteristic
lineshape; the shape is asymmetric and broadened, and
its maximum is shifted in energy. Most of the previous
studies on the PCI effects have concerned the single-step
of the Auger decay. Hayaishi et al.1) recently have found
the PCI effects induced by Auger cascades following Ar
K-shell photoionization. The multi-step of the Auger
decays gives the fact that the peak shift increases
gradually according to the times of the Auger decays,
but the peak broadening is almost independent of the
times. The aim of the present work is to observe the PCI
effects induced by Xe L-shell photoionization, in which
more steps than the Auger cascades of Ar K-shell
photoionization participate.

Measurements were carried out at the undulator beam
line BL-2A
equipped with a
double-crystal
monochromator. Multiply charged ions in coincidence
with threshold electrons were measured using a time-offlight mass spectrometer coupled with a thresholdelectron energy analyzer.
Results and discussion
Figure shows yields of total ions, threshold electrons and
multiply charged ions near the Xe L3 ionization limit.
The yield spectrum of total ions, taken without mass
analysis, corresponds to the absorption spectrum. The
spectrum exhibits the L3 edge of Xe. The yield spectra
of threshold electrons and multiply charged ions exhibit
the PCI shapes superimposed on the L3 continuum
ionization. It can be seen in the PCI shapes of multiply
charged ions that the peak shifts increase as the charges
increase and the peak widths are nearly constant.
References
1) Hayaishi et al., J. Phys. B 27, LI 15 (1994)
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Introduction

1

Resonant photoemission is useful for confirming the
existence of weak lines far from a main line of some
level. For example, the photoemission spectrum of
nickel metal in resonance near the Ni 2py2 absorption edge
shows structures up to 50 eV above a main line of the Ni
35 level.1) We have made a comparatively-high- resolution
photoemisson experiment on the Ni 3s level of NiCh in a
wide binding-energy range. In this report, new structures are
revealed in the Ni 35 photoemission and resonance aspects
of component structures of the Ni 3s level are briefly
presented.

1

1

1

1

e

1

NiCl2

fjf
42

'3
a

a;

h

1

i

I A

rb.
nsit;

w

;

Cl 2p

]

y

f

1

r/

A

Ni3s

A

rba

M

"•-••••A
v UIL
y w^ Av / \ hv(ev)
849.2 ( • )

Experimental
Measurements were carried out using undulator radiation
at BL-2B. Overall resolution was 1.0 eV at a photon energy
of 850 eV. Samples used were thin films deposited on Au
substrates by in situ evaporation. The pressure during
measurements was typically 1X 10"7 Pa.
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Fig. 1. Direct- (hv = 842.3 eV) and resonant- (hv =
849.2 eV) photoemission of NiCl2.

Results
Figure 1 shows typical direct- (hv = 842.3 eV) and
resonant-(hv = 849.2 eV) photoemission spectra for binding
energies ranging from ~55 to -200 eV. Spectra shown were
normalized so that the intensity of the Cl 2p line was
proportional to the value of the cross section obtained
from Ref.2. CIS spectra corresponding to the binding
energies a to / in Fig. 1 as well as a T.Y. spectrum are also
shown in Fig. 2. Main observations obtained from Figs. 1
and 2 are summarized as follows: (1) Nine structures
labelled with small letters a to / are observed in the Ni 35
spectral area of the resonant photoemission of Fig.l. The
origins of the structures a to #have already assigned.1-3) The
structures h and / may be due to the 3s3ps3dn+l final state,
though the intensities of these structures are a little bit high
comparing with the calculated Auger decay rate of the Ni
2/ty2-4) (2) CIS spectra after backsubtraction (Fig.2) are in
qualitative agreement with the calculated results.1-3) For
example, a CIS spectrum of a main line a is scarcely
enhanced on resonance. A CIS spectrum of the same line
without backsubtraction is similar to the T.Y. spectrum. It
is important to subtract the contribution of the background
to photoemission spectra to get intrinsic CIS spectra in the
core-level lines.

Ni2/»
T.Y.

References

180.0
193.0

l)G.van derLaan et al., Phys. Rev. B 46, 9336 (1992).
2)JJ.Yen and I.Lindau, Atomic Data and Nuclear Data
Tables 32, 1 (1985).
3)A. Tanaka and T. Jo, J. Phys. Soc. Jpn. 6 3 , 2788
(1994).
4)G.van derLaan et al., Phys. Rev. B 4 6 , 7221(1992).
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Fig. 2. Total-yield spectrum (T.Y.) and CIS spectra
corresponding to tne binding energies a toy in Fig. 1.
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detected above the 4f peak. On the other hand for
Introduction
The alloys of the rare earths and nonmagnetic the multilayer the satellite structure disappeared
elements have been well investigated to under- as shown in Fig.Kb).
The satellite structure appeared resonantly as
stand the microscopic magnetic behaviour of
the rare earths. In particular the thin films excitation photon energy is tuned through the
of the rare earths 0 have been interested be- energy corresponding to the 3d-to-conduction-band
cause the bulk magnetic properties of them are transition. Whenever for the multilayer exciting at
largely altered. Recent advances in moleculer this energy,the resonated structure did not appear.
beam epitaxy have made it possible to control The XPS indicate that the 4f electrons are placed
the thickness of the thin films in atomic in a different circumstance in the multilayer ,in
scale. The multilayers of the rare earths which the interaction between 4f electrons is reintervened by non-magnetic medium are theduced bacause of the intervening non-magnetic Lu
interesting films to obtain the information metal.
about the interaction between the 4f electrons.
In this study we investigated about the indirect exchange coupling between 4f electrons
in the Gd-Lu multilayers by using the resonant
i '
(a)
photoemission technique2* at the 3d threshold
of Gd.
-•

Experimental
Experiments were carried out at BL 2B.
The Gd-Lu mutilayers were obtained by MBE at
our laboratory. The films were prepared on Si
(111) substrates by evaporating alternately Gd
and Lu from two electron beam sources.The base
pressure in the MBE was 8x10" n Torr. The rate
of evaporation was about 0.3 A/sec for both
elements. XPS spectra were measured at room
temperature.
Results and Discussion
Valence-band and 4f spectra are shown in
Fig.l at the excitation photon energy of the
3d edge of Gd in pure Gd film and the multilayer (GdioLu2o)3o t where 10 and 20 means
the thickness of Gd and Lu in A ,and 30 shows
the number of the bilayers repeated in the
film. In pure Gd the 4f structure and the Ef
edge were observed clearly in Fig.l(a). And
the satellite structure was apparently

(b)

Fig.l.Valence-band and 4f spectra at the excitation
photon energy of the 3d edge of Gd, (a) in pure Gd
film and (b) the multilayer (GdioLu2o)3o
References
DC.P.Majkrzak et al.,Adv.in Phys.40(1991)99.
2)W.D.Schneder et al.:Phys.Rev.B28(1983)2017.

3 Present adressINEC corp.Shiba 5-7-1,Minato-ku
4 AlsolNissin Software corp.Shibaural-1-1,Minato-ku
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Angular distribution of the fragment ions after the inner-shell excitation of triatomic
molecules VI. High-resolution O K-edge absorption spectra of N 2 O
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7. Institute for Molecular Science, Okazaki 444
2. Photon Factory, Institute for High Energy Physics, Tsukuba 305

observed in the I90 spectrum and the a-type Rydberg only
in the Io spectrum. This means the bending motion has
no contribution to the Rydberg states. This is consistent
with the fact that the geometries of the Rydberg states are
nearly the same as the geometry of the ionized state with a
linear structure and the Renner-Teller effect is negligibly
weak even in degenerate n-type Rydberg states.
Generally speaking, "symmetry-resolved" inner-shell
spectroscopy is valid for Rydberg states of linear triatomic
molecules as well as for the inner-shell excited diatomic
molecules.
The npjr (n = 3, 4 and 5) and 3dm Rydberg peaks are
observed in the I90 in addition to the it* peak. The 3pjr
Rydberg peak seems to have at least three components
with the energy spacing about 250meV. Since the
vibrational spacings of the bending, N-0 stretching, and
N-N stretching modes in the ground state are 73.0, 159.3
and 275.8meV, respectively, the components are probably
due to the N-N stretching vibration modes.
It is found that the peak intensities of nscr Rydberg
series are anomalous; the 4sa Rydberg peak is more
intense than the 3 so and 5so. In addition, the nscr
Rydberg series have very large widths; the FWHM of the
3so and 4sor Rydberg peaks are 1.07eV and 1.24eV and
much wider than that of the 3prc (0.58eV). These are
interpreted as the N2O molecule having a a* orbital below
the ionization threshold and the valence-Rydberg mixing
occurs, especially near the 4sa Rydberg state.

We have measured angle-resolved ion-yield spectra
of some K-shell excited molecules with linear structure by
using the 10-m GIM monochromator of beamline 2B. In
this report, we present the high-resolution O K-edge
spectra of N2O and discuss the dynamics of fragmentation
following the O Is -» re* excitation of N2O, which is
affected by the Renner-Teller effect.
Fig. 1 shows the O K-shell high-resolution angleresolved ion-yield spectra of N2O. The Io and I9o show
the ion-yield at 0° and 90° direction to the electric vector
of the incident light, respectively. The FWHM (full
width at half maximum) of JI* resonance peak is l.OOeV
and no fine structure is found. It is expected that the
lifetime broadening of N2O with an O Is hole is
comparable to that of O2(180meV). The photo energy
resolution of the present experiment is about lOOmeV and
the observed peak width of a single vibronic state is
estimated to be about 200meV. Therefore, it* resonance
peak involves several vibronic states.
When the N2O molecule is bent, the it* orbitals lose
the degeneracy and have two component out-of-plane jt*
and in-plane JC*. The O Is out-of-plane it* excited state
has a linear stable structure as well as the ground state.
On the other hand, the O Is in-plane a* excited state is
strongly bent.
According to the Franck-Condon
principle, the bending mode is not excited in the
transition to the out-of-plane a* state but is strongly
excited in the in-plane JI* state which is lower in energy
than out-of-plane JC* state.
Therefore, unresolved
vibronic states in the JI* peak arise mainly from the
bending motion in the in-plane state.
It is observed that the peak top of the Jt* transition
in the Io spectrum has slightly lower energy (about
0.17eV) than that in the I90. This is reasonable if the
fragment ions observed in the Io spectrum arise mainly
from the bending mode has a large contribution at the
lower energy side of the vertical transition in the linear
structure.
If the molecular geometry is changed to the
equilibrium structure in the JI* excited state and the axial
recoil fragmentation occur after the Auger decay, one
expects that the ion-yield ratio I0/I90 is 91 %. In the
present experimental result show that I0/I90 at JI* peak is
about 29 %. This indicates that the Auger decay may
take place on the way of starting the bending motion.
As shown in Fig. 1, the Rydberg peaks observed in
the I90 spectrum and in the Io spectrum are completely
different; that is, the jr-type Rydberg transitions are only
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Fig. 1 O K-edge high-resolution angle-resolved ion-yield spectra of N2O.
The solid line shows the ion-yield at 90° to the electric vector of the
incident light (I90) and dotted line shows one at 0° (Io).
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continuum are about 2.6 and 3.0 eV, respectively. According to the theoretical investigation by Tanaka and
Kotani,1) the hybridization between the d9 and d10v
states is large in these materials and the width of the
emission band is wider in La 2 Cu0 4 due to the existence of apical oxygens, where v denotes a hole in the
valence band.
It is noticed that the satellite S is observed at
about —5 eV in the spectrum of La 2 Cu0 4 . This indicates that the hybridization between the d9 and dlo2i
states is larger in La 2 Cu0 4 than in CuO and that the
charge transfer excited state1) locates at about 5 eV
above the ground state in La 2 Cu0 4 . These results are
consistent with the theoretical prediction.

Introduction
X-ray emission spectroscopy with the excitation of
monochromatic x-rays is a powerful tool to investigate the electronic structures in the initial state of the
matter. The 3d —+ 2p resonant x-ray emission spectra (RXES) under the selective excitation from the 2p
core-level to the 3d level of the transition metal reflect
the initial 3d state, because the initial and final states
have the same electronic configuration.1) We report
the results of the Cu 3d -+ 2p 3/2 RXES of CuO and
La 2 Cu0 4 .
These substances are materials related to the
cuprous high-Tc superconductors. La 2 Cu0 4 has the
apical oxygens on the so-called CuO2 plane, while
CuO has no apical oxygen.

1

Experimental Procedure
RXES measurements were carried out at the BL2B.
X-rays from the storage ring were monochromatized
with a 10-m grazing-incidence monochromator of a
Rowland-mount type. Fluorescent x-rays from the
samples were monochromatized by a 50-cm Johanssontype spectrometer equipped with a RAP crystal and
detected by a gas-flow counter with a 90%-argon-10%methane flow gas. Overall resolution including the
first and second monochromators was estimated to be
about 1.6 eV. The energy of the primary x-ray was
estimated by the measurements of the total photoelectric yield spectra of each sample.
Single crystalline La2Cu04 and polycrystalline
CuO are used for measurements.
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Results and Discussion
Figure 1 shows the RXES of CuO and La 2 Cu0 4 .
The origin of the abscissa indicates the excitation
photon-energy which coincides with the peak of the Cu
Z/3 x-ray absorption spectra (Z.3-XAS) of each sample.
The main peaks of the RXES of both samples coincide with each other and are observed at about 1.5
eV below the peak position of L3-XAS even though
no peak appears at 0 eV. This implies that localized
excited states gather around 1.5 eV above the ground
state (big symmetry).
The full width at half maximum (FWHM) in the
RXES of CuO is about 2.1 eV, while that of La 2 Cu0 4
is about 2.5 eV. On the other hand, the FWHM in
the 3d -+ 2p 3/2 XES of CuO and La 2 Cu0 4 under the
excitation of a Cu 2p core electron to a high energy

La 2 Cu0 4
•
• •
• •
•••
•

s •
-10

-5

\
0

5

PHOTON ENERGY (eV)
Fig. 1. RXES of CuO and La2CuO4. Origin
of the abscissa indicates the excitation photonenergy.
Reference
1) S. Tanaka and A. Kotani, J. Phys. Soc. Jpn.
62, 464 (1993).
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We carried out angle-resolved photoion-photoion
coincidence measurement (ARPIPICO) without extraction
field for N K-shell excited N2O molecules to reveal the
correlation with the ejection angles of fragment ions. It
is found from these results that the three-body
fragmentation process occurs.
A spherical sector analyzer was equipped at
perpendicular direction to the electric vector of the
incident light and was used to analyze the kinetic energies
(KEstart) of the fragment ions. Another ion-detector can
be rotatable in the perpendicular plane to the incident
light direction. To obtain coincidence signals between
the fragment ions, signals from the spherical sector
analyzer were used to start a time-to-amplitude converter,
and signals from the ion-detector were used to stop the
converter. The ARPIPICO spectra were recorded in the
conditions that the angle between the axes of the detectors
were 180° to 120° at interval of 10°.
Fig. 1 shows the ARPIPICO spectra following the
center nitrogen (Nc) Is -*• n* excitation of the N2O. The
structure in the spectra can involve some coincidence
signals which are due to different fragmentation patterns.
The time-of-flight (TOF) of the fragment ions was
calculated to assign the ARPIPICO spectra. We divide
the coincidence signals into the 4 groups as shown in
Table 1. The TOF's of N* and O+ and those of NO+ and
N2+ cannot be differentiated in the present measurement
because of the similarity of their masses.
Fig 2 shows the polar plots of the ARPIPICO for the
Nc Is -*• jr* excitation of N2O when the KEstart is 5 eV.
The count rate of ARPIPICO signals for peak A rapidly
decreases as the correlation angle become small. This is
because the peak A is mainly attributed to the two-body
fragmentation.
On the other hand, the ARPIPICO
signals for the peak B are observed when the correlation
angle is below 150°. This indicates that the peak B is
attributed to three-body fragmentation. The result shows

peak
A
B
C
C

that peak C is affected by two- and three-body
fragmentation. Thus, the origins of the ARPIPICO
peaks are elucidated by examining the TOF's of fragment
ions and the correlation with their ejection angles.

jw>W'-MlM~ivH^''VC V*W*jvW«va

WH«<J*V . . V*S*-AJ*W«WI* 1 _. ,

Fig. 1 ARPIPICO spectra for Nc Is -» si* excitation of N2O. Each
spectrum was measured in the condition that the correlation angle was 180°
and the KEaan was different.
180

270

Fig 2. Correlation between the ejected direction of fragment ions for Nc Is
-»it* excitation of N2O in the condition that KEa«, are 5 eV. O: peak A,
• : peak B, Q: peak C.

Table 1. Assignments of the ARPIPICO spectra for the Nc Is -» n* excited state of N2O
start signal
stop signal
molecular ion (NO+ or N2+)
atomic ion (N* or O+)
atomic ion (N* or O+)
atomic ion (KE«« < ca.4 eV)
atomic ion (N* or O+)
atomic ion (KE*^ > ca.5 eV)
atomic ion (N* or O+)
molecular ion (NO+ or N2+)
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fragmentation
2 body fragmentation
3 body fragmentation
3 body fragmentation
2 body fragmentation
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Studies of angular correlation between fragment ions from inner-shell excited molecules II.
Three-body dissociation of the N K-shell excited and ionized N2O
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/. Institute for Molecular Science, Okazaki 444
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We measured angle-resolved photoion-photoion
coincidence (ARPIPICO) spectra of N K-shell excited and
ionized N2O. Following the report I, we present the
correlation with the ejected angle of the fragment ions
emitted from the K-shell excited and ionized N2O.
The two-body fragmentation for triatomic molecules
leads the correlation angle of the fragment ions 180°,
whether the molecular structure is linear or bent. When
the three-body fragmentation for triatomic molecules
occurs, the correlation angle is not always 180°. The
three-body fragmentation for the linear structure leads the
correlation angle 180°; on the other hand, that for the bent
structure can be influenced by bond angle of molecules.
Fig 1. shows the ARPIPICO spectrum for Nc Is -*
jt* excitation of N2O. The spectrum was measured in
the condition that the angle between the axes of the
detectors is 180° and the kinetic energy ( I O W ) of
fragment ions detected as the start signal is 10 eV. Peak
A can be assigned to the three-body dissociation. The
intensity of Peak A is measured as a function of the
correlation angle to reveal the molecular bond angle at the
dissociation.
The equilibrium geometry of the N Is ionized state
is linear. On the other hand, the stable structures of two
N Is -* in-plane JI* excited states are bent because of the
Renner-Teller effect. Our calculated result shows the
equilibrium bond angles for terminal nitrogen (Nt) and
center one (Nc) Is - • in-plane Jt* excited states are 136°
and 114°, respectively. Therefore, it is expected that the
ARPIPICO signal for Nc Is -* it* excitation is much
strongly observed at smaller correlation angle than that
for Nt Is —• jt* excitation, and that for the N Is ionized
state the ARPIPICO signal rapidly decreases as the
correlation angle becomes small.
Fig 2. shows the polar plot of the intensity of the
peak A for the three excitation energies. The ARPIPICO
signal for the Nc Is -*> jt* excitation is spread out at the
smaller correlation angle than that for Nt Is - • Jt*
excitation. This is qualitatively consistent with the
calculated bond angle. The present results show that the
ARPIPICO signal for N Is ionized state is much more
weakly influenced by the bent structure than that for Nt Is
-*• n* excited state. Although the stable structure of the
N Is ionized state is linear, the ARPIPICO signal from
three-body fragmentation following N Is ionization is
affected by the bending motion.

Fig 1. ARPIPICO spectra for Nc 1 s -* it* excitation of N2O.
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Fig 2. Angular correlation between the ejected direction of fragment ions
in the condition that I O W are 10 eV.

(a) Nt Is -» JI* excitation (401.1

eV). (b) Nc Is - • jt* excitation (404.7 eV).
eV).
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X-RAY ABSORPTION STUDY OF Yi.xCaxTiO3
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INTRODUCTION
The light transition metal compound
YTiO3 has a formal d-electron number of one
(3d1) and its physical properties show that this
compound is a Mott-Hubbrad insulator because
of strong correlation [1]. A Mott-Hubbrad
insulator usually becomes a strongly correlated
metal by carrier doping. The investigation of
the electronic structure of these compounds is
very important to reveal the physical property
related with electron correlation. In this work,
we have studied the unoccupied electronic
structure of the hole doped system Y i .
using oxygen K-edge X-ray
xCaxTiO3
absorption spectroscopy. The hole doping by
substitution of Ca for Y causes an insulator-tometal transition at about x=0.4.

and this phenomenon indicates the creation of
in-gap states with hole doping. We can see a
clear difference between x=0.2 and x=0.4 in the
Ti t2g peak. The x=0.2 is a insulator and x=0.4
metal. A similar spectral change related to a
metal-insulator transition is seen in the spectra
of Li x Zni. x V 2 O 4 and Yi- x Ca x VO 3 [2][4].
REFERENCE
[1] Y. Taguchi, Y. Tokura, T. Arima, and F.
Inaba, Phys. Rev. B 48, 511 (1993)
[2] F. M. F. de Groot, PhD. Thesis (University
of Nijimegen, 1991)
[3] F. M. F. de Groot, M. Grioni, J. C. Fuggle,
J. Ghijsen, G. A. Sawatzky, H. Peterson, Phys.
Rev. B 40, 5715 (1989)
[4] I. Hase, Master Thesis (University of
Tokyo, 1994)

EXPERIMENT
The experiment of X-ray absorption
spectroscopy was carried out at beam line BL2B using a 10m grazing incidence
monochromator. The total-electron-yield
method was used to record the spectra. The
probing depth of the total-electron-yield
method is about 40 A or below [2], so that
surface contamination of samples was removed
by scraping with a diamond file. The pressure
was about 2 . 0 x 1 0 ' ^ Torr during the
measurement and scraping. The measurement
and scraping were performed at room
temperature.

'£

x=0.2 M

Si

RESULT AND DISCUSSION
Figure 1 shows spectra of oxygen K-edge
X-ray absorption. The spectra have been
normalized at a high photon energy of 550eV.
These spectra reflect the oxygen 2p partial
density of the unoccupied states including
oxygen Is core hole effect. However, the corehole effect is not serious because the
unoccupied density of states is consists mainly
of cation site, so that the oxygen 2p
contribution is relatively small [3]. The peaks at
lower photon energy side of about 531eV
indicate the Ti 3d t2 g band and at about 544eV
Ti 4sp band. The structures between 533eV and
540eV are probably admixture of Ti3d, Y4d
and Ca3d bands. The peak intensity of the Ti
t2g band increases as a function of hole doping

x=
CO

a

=0.6 /A
x=0.8 /
J
525
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I
540

I
545
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Photon Energy (eV)
Figure 1 Oxygen X-ray absorption spectra of
Y i - x C a x T i 0 3 . The spectra have been
normalized at a high photon energy of 550eV.
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Introduction
Using monochromatized soft X-ray with variable
photon energy tuned near Yb M absorption edge, Yb
M emission spectra of YtaCte were measured. In Yb
compounds, there is a vacancy in the 4f orbital. This
vacancy induces a strong self-absorption due to a
dipole transition in a sample. The 4f orbital is localized,
therefore, it is expected that the resonant emission line
which caused by direct recombination of 4f —* 3d is
observed at the absorption peak energy.
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1S20
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Fig.l Yb2O3 Yb Mv absorption spectrum.
Experimental
The experiments were performed with a 10m grazing
incidence monochromator at undulator beam line BL2B of Photon Factory. The sample was powder form
and rubbed on to Cu plate. A curved crystal
monochromator was used for energy analysis of the
scatterd radiation from Yb2O3, and a wire proportional
counter was used as a detector.
Results and Discussion
Figure 1 shows the Yb M v absorption spectra
measured by means of total electron yield method.
Figure 2 shows the X-ray emission spectra with
incident photon energies in the vicinity of the Yb Mv
absorption edge showed in Fig. 1. Dotted line shows
the peak energy of M v absorption spectrum. The
intensity of these emission spectra increases resonantly,
as the incident energy approaches an absorption peak
energy; and below the absorption edge, the line shapes
are asymmetry. These features observed in Fig. 2 are
identified as same process as the resonant Raman
process in Si K a emission spectra. Above the
threshold, the intense peak is assigned as the normal M
a emission. The resonant emission line is observed at
1521eV. However, spectrum is distorted by selfabsorption effect.
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Fig. 2 Yb2Q3 Yb Mo emission spectra.
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the CD + ions would be produced through decay of
the intermediate, core-excited D-C*-O-Si fragment
adsorbed species, resulting from a fast neutral
dissociation of an oxygen atom (from C=O). This
explanation is 3analogous to the photodissociation of
gas-phase H2S ).

Introduction
An unresolved question is whether the stateselective core-electron excitation to a particular
antibonding orbital along a unique bond within an
adsorbed polyatomic molecule promotes the
selective dissociation of the bond concerned.
In this work, photon-stimulated ion desorption
(PSID) from formic acid chemisorbed on Si(100)
has been studied by state-selective C Is excitation.
This system is considered to a suitable system for
bond-selective ion desorption, because electronic
excitations to each unoccupied orbital are identified
with a unique bond in the adsorbed formic acid
near-edge 1 X-ray absorption fine structure
(NEXAFS) ).
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Experimental
The experiments were performed at the soft Xray undulator beam line 2B with optical resolution
of-0.25 eV at 287 eV. The experimental details
have been described elsewhere2). Briefly, ions were
detected and analyzed by a time-of-flight (TOF)
mass spectrometer using a pulsed synchrotron
radiation. As a sample preparation, a ~10L DCOOD
was exposed to a clean Si(100) crystal at room
temperature. Under these conditions, DCOOD
dissociates with the adsorption of D* and DCOO*
on Si(100)(2xl).
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Results and discussion
The
PSID
yield
curves of D + , CDO+, O + and
CD+ ions from the DCOO/Si(100) in the C Is
excitation region are shown in Fig. 1 together with
Auger electron yield (AEY) curve which represents
the photo-absorption cross section of adsorbed
formate. The resonances observed in the AEY curve
were assigned to transitions from C Is into
?r*(C=O) at 288.6 eV, a*(C-D) at 292 eV, a*(CO) at 297.5 eV and cr*(C=O) at 303 eV on the
basis of 1 the results on adsorbed formic acid
NEXAFS ). Each PSID yield shows a significant
deviation from the AEY. This indicates that the
PSID strongly depends on the primary excitations
of the adsorbed formate. The relative abundances
of desorbing ions, however, do not significantly
change due to the mass effect of the leaving
particles. The PSID yields of D + and CDO+ are
enhanced at the a*(C-D) and o"*(C-O) resonances,
respectively. Although the O + yields are suffering
from the effects of second order light around the
jr*(C=O) and a*(C-D) resonances, an increase of
the O + yield is observed at the a*(C=O) resonance.
This finding indicates that bond-selective
desorption occurs in each ion yield.
It is clearly seen that the CD + yield is enhanced
at the 7T*(C=O) resonance, while the CDO+ yield is
suppressed. This can be explained by assuming that

x15
5-

280

290
300
310
Photon Energy / eV

Fig. 1. AEY
and PSID yields of D + , CDO+, O + and
+
CD from the DCOO/Si(100) as a function
of excitation energy near the C K-edge.
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Introduction
For the improvement of the formability of
steel sheets, researches on the mechanism of
primary recrystallization are indispensable. An
investigation on primary recrystallization process
of mild steel sheets was carried out by using the
method developed by the present authors for
rapid projection of the crystal grain orientation
distribution, the pole figure, in polycrystalline
materials 1).
Experimental
Measurements were made at the beamline BL3A at the Photon Factory. Monochromatic Xradiation, 0.06 nm in wavelength, was used. It
took only 100 s to record one pattern over an
angle range of 50 deg. in longitude of the surface
of the sphere of poles. This measurement time is
one thousandth shorter than that required by
conventional
point-by-point
pole
figure
measurement method^).

(a) As cold rolled

(c) 983 K

(b)973K

(d)1003K

Fig. 1. The orientation distributions of the [200]
poles of mild steel sheets, 0.1 mm in thickness.
Patterns are the distribution over an angle range
of 50 deg on the sphere of poles, showing an
increase in the number of diffraction spots
projected in the continuous patterns as the
primary recrystallization proceeds. An arrow in
(b) indicates the center of the (111)<112> region.

Results and Discussion
Fig. 1 shows the orientation distribution
pattern of the [200] poles of the mild steel sheets
at different steps of annealing. As the primary
recrystallization proceeds, successive growing of
crystal grains is reflected in the increase in the
size of diffraction spots. At the end of the
primary recrystallization process, the pole density
becomes high at (11 l)<uvw> region. Magnified
images were observed in the (111)<112> region
indicated by an arrow in Fig. 1 (b). In a four
times magnified image after 973 K annealing
(Fig. 2 (a)), diffraction spots from recrystallized
grains cannot be observed yet. On the other
hand, in Fig. 2 (b), after 983 K annealing, a
number of dark spots are seen. This shows that
small primary recrystallization nuclei have
become larger grains in the
(111)<112>
orientation area.
It can be understood that this method of rapid
projection of crystal grain orientation distribution
is useful for examining primary recrystallization
process. Change in the number of recrystallized
grains may be studied easily for various
orientations.

(a) 973 K

(b) 983 K

Fig. 2. Four times magnified images of the area,
around the (111)<112> region, (a), annealed at
973 K, corresponding to Fig. 1 (b), and (b),
annealed at 983 K, corresponding to Fig. 1 (c).
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INTRODUCTION
The beamline BL3A where a high flux and
focused beam is available by a unique x-ray
optics has been widely used for various
experimental purposes1). The data acquisition
system based on the triple-axis/four-circle
diffractometer, SIN-1 has been developed and
installed.1) It has become evident, however,
that a new goniometer that can mount and scan
detectors toward more general directions of
spherical angles is necessary to perform more
easily several experiments such as fluorescence
XAFS 2 ),
and
various
types
of
IP
1
measurements ).
In order to satisfy such
demands, a new data acquisition system based
on a "spherical-type" goniometer has been
developed and installed on BL3A.

compactly, and a detector mounted on the r\stage can be moved over a wide spherical angle
without interference with the
original
goniometer. The system has been used for data
acquisition with IPs or a multi-element SSD for
XAFS measurements6). 8

A NEW GONIOMETER SYSTEM
Some "spherical-type" goniometer systems
have been developed at several SR facilities for
topography measurements (HASYLAB3) & PFBL15B4)) and for grazing incidence x-ray
diffraction
(GIXD)
measurements
(PFBL17C)-'5). The new spherical-type goniometer
system at BL3A consists of a tandem
combination of a linear stage, v\, and two circle
goniometers, K and § (Figure). Each axis (t],
K, Sp corresponds to polar coordinates (p, 9,
cp), respectively, the origin of which coincides
with the four-circle center. Since the new
goniometer must "cohabit" with the original
diffractometer system, a new mechanism to
mount and operate a K-arc on the §-circle was
adopted. In this mechanism the K-arc slides
through the gear box mounted on the stage of
the ^-circle by a stepper motor rather than being
fixed on the stage. Such mechanism commonly
used in a x-circle (Euler Cradle) of four-circle
goniometers was used for spherical-type
goniometer systems for the first time. This
mechanism enables to design the system

Figure A schematic drawing of the new
"spherical-type" goniometer system.
The
original four circle goniometer: 1. 20, 2. 0, 3.
X, and 4. qp; The new goniometer: 5. T|, 6. K,
7. t,, 8. a detector, 9 a gear box.
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Introduction

control software was written in C++ as a Microsoft
Windows 3.1 application.

In many materials, very low amounts of elements and
defects play important roles. The concentration of them
usually exist at concentrations lower than atomic percent.
Fluorescence X-ray absorption fine structure (F-XAFS)
experiment under total reflection condition is a powerful
tool for studying such defects and trace elements.
For the target of atomic percent order experiments,
the authors constructed a fluorescence XAFS acquisition
system by using a single solid state detector (SSD) at
BL3A!). With a view to observations of part per million
order (ppm) elements, an additional system was constructed
using a multi-elements-SSD.

Performance
The CuKa peak width is lower than 200eV at integral
peak intensity lOkCPS for all of the detectors. The
sensitivity was checked using the fluorescence CuKa
observed from Cu atoms gettered into a poly-Si thin layer.
The intensities were found to agree with the concentrations
from secondary ion mass spectrometer below ppm. The
EXAFS oscillation was also measured for ppm order Cu
atoms decorated on a Si wafer. The system will be able to
observe EXAFS oscillations for very low amounts of defects
and trace elements.

Beam Optics and Goniometer

References

The total reflection F-XAFS measurement system takes
advantage of high brilliance X-ray beam and a large vertical
diffractometer of BL3A2). It is able to focus X-ray beam
onto few millimeter width range on a sample without
reduction of beam intensity under total reflection condition.
BL3A has two large Pt mirrors and a double crystal
monochromator. In the total reflection F-XAFS system,
the collimated SR beam from the first mirror is focused
horizontally by bending in the monochromator. Double
small plane Pt mirrors are installed in the diffractometer,
for cutting off high order harmonics3'.
Additional goniometers for mounting a SSD are
installed in the diffractometer3). They aim the SSD at the
center of the diffractometer toward the sample position.

1) Y. Takagi, T. Mizutani, T. Kikuchi, S. Hayashi and M.
Imafuku: Photon Factory Activity Report, 11(1993) 36.
2) S. Sasaki, T. Mori, A. Mikuni, H. Iwasaki, K. Kawasaki,
Y. Takagi and K. Nose: Rev. Sci. Instrum., 63(1992)
1047.
3)Y. Takagi, T. Kikuchi, T. Mizutani, M. Imafuku, S.
Sasaki and T. Mori: Rev. Sci. Instrum., 66-2(1995), in
print.

Detector System

Controller(PC)

A multi-elements-SSD (Canberra model GL/S) is used for
the high sensitivity experiments. Figure 1 shows a block
diagram of the detector system. The SSD has seven Ge
detector and preamplifier pairs. The size of each Ge detector
is 500mm2. The thickness of the Be window of the multiSSD is 0.5mm. Each output from the preamprifiers is
connected to a shaping amplifier (Canberra 2025) and 200ns
fast ADC (Canberra 8715). Two MCAs (Fast Com Tech,
MCD/PC4) including a four channel router count each
pulse from the ADCs. A controller (IBM-PC compatible
personal computer) drives the MCAs, the monochromator,
and a four channel sealer (EG&G, 974). The sealer monitors
incident beam, total reflected beam, and ring current. The

PHA

PHA

Router

Router

MI
f ADC(X7)|
4 channnel
Sealer

• ""I f^^

^ ^ ^ ^"n

r^^

shaping Amp(X7)

7 elements SSD
Monochromator
Sample
Figure 1. A block diagram of the detector system
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Introduction
Several polymer gels are known to undergo discontinuous volume change by the change of temperature,
solvent composition, pH, ionic composition, pressure, and electric field.0 These phenomena can be interpreted as a phase transition in the system consisting
of crosslinked polymer network and solvent. We were
greatly interested in changing behavior of the structure of network during this volume phase transition.
We observed a volume change process of DNA gel in
acetone-water mixture by Bonse-Hart ultra-smallangle X-ray scattering (USAXS) instrument equipped
in BL-3A, which is the most powerful technique to get
information about the network structure of gel.

surement can be one of the methods to clarify the network structure change on the transition. However, we
didn't have enough time to get the data on the kinetics
of the transition, and did not have enough data to determine the size of scatterers.
In a collapsing process measurements, we must be
careful for a sample not to get out of a X-ray beam. So
it is important to set the sample capillary in vertical
direction to avoid the total reflection of X-rays. However, as the sample moves downward on the swollencollapsing process of the transition, it is difficult to
keep the volume exposed to the X-rays in constant.
The farther improvement is desired for the sample setting device.
It might be done in near future to get the data on the
kinetics of the transition and to analyze those data not
only from the conventional view point, such as
Guinier Plot, but also fractal growth theory.

Experimental
In the DNA gels we used this time, the discontinuous
volume transition occurs about 63% at 25°C, and the
volume changes by 33 times. DNA gel takes collapse
state at higher acetone concentration, and swollen
state at lower acetone concentration.
Cylindrical shaped sample( 1.28mm diameter 10mm
long in swollen state) was inserted into quartz
capillary(2mm diameter) in which solvent of proper
concentration was filled. Then capillary was sealed by
tape and set in vertical direction into a sample holder.
We measured a collapsing and swelling processes of
DNA gel by USAXS. The wavelength used was fixed
to 0.126nm. In case of a measurement in collapsing
process, swollen sample was prepared by pure water
and inserted into capillary in which acetone-water
mixture of 70% was filled. On the other hand, in case
of swelling process, collapsed sample was prepared
by acetone-water mixture of 70% and inserted into
capillary in which acetone-water mixture of 60% was
filled.
In addition, we measured USAXS profiles for pure
water, solvent of acetone-water mixture(75% acetone
concentration), gel of swollen state in pure water, gel
of collapsing state in acetone-water mixture of other
concentrations.
The condition of the measurement was 0.002°-0.05°
for scanning angle, 0.002° or 0.001° for step angle,
and 5 or 10s/pt for integrated time.
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Results and Discussion
The typical USAXS profiles are shown Figure 1. As
the figure indicates, the curve of collapse sample is
different from those other curves.
From this fact, it is confirmed that the USAXS mea-
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0.02

0.03

0.04
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Figure 1. USAXS curves of the I(q) versus q
plot for water, 75% acetone, collapse sample
and swollen sample.
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Introduction
Tunable synchrotron X-ray radiation has made it
possible to perform various diffraction studies in
relation to the use of anomalous scattering near
absorption edges. The effect can distinguish
two or more elements with very similar atomic
numbers. It has been recognized that a chemical
shift of XANES spectra occurs among different
valence states and is related to anomalous
scattering. Theoretical calculations which do
not include pre-and near-edge effects cannot
predict the chemical shift. Thus, the anomalous
scattering experiments on valence states require
an accurate knowledge of atomic scattering factor
at wavelengths close to an absorption edge.
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Fig. 1, XANES spectra.
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XANES absorption spectra at the Fe K edge of
iron oxides were measured using a doublecrystal S i ( l l l ) monochromator at the BL-3A.
Powder
samples mounted
between
polypropylene films were set between two
ionization chambers fulled by N2 gas. A
chemical shift of about 5 eV was observed
between ferrous and ferric ions in the spectra of
FeO and Fe2O3 where the Fe ions coordinate in
regular octahedra (Fig. 1). The spectrum of
magnetite is between FeO and Fe2O3 spectra and
about 2 eV higher than the FeO spectrum. An
iron foil was used to calibrate the energy of the
absorption edge.
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Fig. 2, Experimental/.

0

43.2

E (eV)

Mixed-valence compounds
Selecting a wavelength to give the different /
values, the technique promises the possibility of
distinguishing ions of the same elements in a
mixed valence crystal. Magnetite is an example
to show electronic ordering below Tv. X-ray
intensity data for a single crystal were collected
using a four-circle diffractometer at BL-10A.
Site-occupancy treatments were taken into
account for such ions in structural analyses.
The experimental / values are independent
from the refinement procedure and can be
estimated in advance. The structure calculation
using/ possibly gives a model in an ionic state
and extracts well the distribution of valence
electrons.
The introduction o f / into the
difference-Fourier method gives valencedifference contrast for the same atomic species in
a mixed valence crystal. The mapping should
represent a schematic distribution of ions. A
two-wavelengths technique would be useful for
practical experiments.

Estimation of f
It is well known t h a t / can be transformed from
imaginary part / " by the Kramers-Kronig
integral. Because the absorption measurement
was made only in narrow region at the edge, the
Cromer and Liberman's calculation was applied
to estimate experimental / by substituting the
observed cross-section data. The results are
illustrated for anomalous scattering factors of
Fe 2+ and Fe 3+ in octahedral environment (Fig.
2). The maximum difference in experimental/
between ferrous and ferric ions are about 2.5 at
the longer wavelength side near the Fe 2+ edge.
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Introduction
Since Sakata et al. showed that the powder diffraction data is suitable to be analyzed by the
Maximum Entropy Method(MEM)U, we have been
making a great effort to measure a precise
powder data at the Photon Factory. We have
developed the two ways of the Synchrotron Radiation (SR) high resolution powder diffractometry.
One is the camera method using Imaging Plate(IP)
as a detector at BL-6 and 18 2 ) and the other is
the parallel beam reflection geometry using the
long fine solar collimator at BL-3^). These
powder diffractometries remarkably increase the
angular resolution and counting statistics.
Consequently, we can get accurate electron
densities by the MEM even for a substance having
a complicated crystal structure.
The CS3C0CI5 salt has been studied to investigate the spin density in CoCl|~ ion by polarized neutron diffraction(PND) experiment 4 ).
Recently, we have applied the MEM to the same
PND data and visualized the three dimensional
electron spin density in real space^). In order
to study the bonding nature of the CS3C0CI5, SR
powder diffraction experiment on BL-3A using the
solar collimators is carried out. The unit cell
size (a=9.063A, c=14.450A) and symmetry (I4/mcm)
of this substance is suitable to perform good
quality experiment.
In this report, we present a MEM electron.density of CS3C0CI5 and its examination in terms of
bonding nature in CoCl|" ion.

The positive and negative densities are indicated by solid and dotted contour lines, respectively. The positive regions indicate the higher
spin density region and vice versa. The main
effects of Cl ligand fields are appeared to be
the anisotropy of Co spin densities.
Fig.3(a) shows the strong anisotropy of the spin
densities around Co sites along the direction of
Co-Cl bonds. The spin densities at the Co site
are attracted toward the Cl-ions in association
with the coordinate bond. In Fig.3(b), it is
found that the charge density around the Co site
shows the anisotropy of Co electrons which
resembles to the spin density. It suggests that
the covalency of Co-Cl bond causes the anisotropy of Co spin density in CS3C0CI5.
We wish to thank Dr. B.N.Figgis for supplying
the sample and for his interest and useful
discussion.
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The powder data of the CS3C0CI5
The whole powder pattern of the CS3C0CI5 is
shown in Fig.l. The wavelength of incident Xray is 1.54 A and the solar collimator having
the full aperture of 0.072' is used. The collection time at each step of 2 0 is 4.0sec. After
all, 113 Bragg
integrated intensities
(sine / X <0.55A"l) are obtained.

Fig.2 The (110) MEM electron density of CS3C0CI5

J-TBeu (deyee)

Fig.l The whole pattern of CS3C0CI5
(a) Asymmetric part of the Spin Electron Density

The MEM Charge Density of CsaCoCls
The detail of the data analysis was written in
the previous works*). The MEM density map, which
is the electron density distribution map obtained by the MEM, is shown for lower density
region of (110) plane in Fig.2. The MEM electron
density distribution clearly shows the coordinate bonding feature between Co and Cl atoms.
In Fig.3(a), the asymmetric part of the spin
densities with respect to Co site is extracted
from the MEM spin density based on the PND data.
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(b) Charge Density

Fig.3 MEM map around the Co-Cl coordinate bonds.
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Introduction

Results ; ud Discussion

Recently, speckle patterns in x-r<y wive length region, that is diffraction of cohen i x-rays by random media, have been observed \ sirg synchrotron
radiation from a wiggler source[l] anc from a normal
bending magnet source[2] at NSLS, and also from an
undulator source at ESRF[3]. X-ray speckle patterns
would have a potential to give information about time
fluctuation in matter on an atomic scale. Densitydensity correlations in long range, up to the coherent
length of x-rays, could also be explored with atomic
resolution in space.
In order to observe x-ray speckle patterns, coherent properties of x-rays have to be characterized in
advance. Only a small part of synchrotron radiation
from a normal bending magnet source is expected to
be coherent. This report describes a measurement of
coherency of the synchrotron radiation'performed as
a trial to observe an x-ray speckle pattern.

Achieved vertu i angular divergence was estimated
to be about r 0 J rad. An obtained diffraction pattern with an exposure time of 100 seconds is shown
in Fig. 1. Hi o ner order diffraction up to the 7-th
can be observed. Clear visibility of the Fraunhofer
diffraction shows that the transverse coherent length
was larger than the collimating slit width, 6 fim, determined from intervals between the fringes in the
diffraction pattern.
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[1] M. Sutton et a l , Nature 352, 608 (1991).
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Experimental
Visibility of Fraunhofer diffraction patterns from a
slit was used to measure transverse coherent length
of the synchrotron radiation of BL-3A station[4]. Experiments were performed with a set-up as follows.
X-rays of 1.39 A were selected by a Si ( i l l ) doublecrystal monochromator placed at 20 m downstream
from the source. Vertical angular divergence and the
third order harmonics component of the synchrotron
radiation were suppressed by using a vertically collimating mirror, placed 16.2 m, of Pt-coated fused
quartz plates. In order to obtain x-rays with coherent length of seve-ftl jam at a collimating slit in the
station located 28 m nom the source, the source size
had to be reduced below the value of 0.12 mm by using a upstream slit, located 15 m from the source, in
front of the mirror. The Fraunhofer diffraction pattern by the collimating slit was recorded on a nuclear
photo-plate (Ilford L4, 50 /zm ) set 0.83 m behind the
collimating slit.
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^

Fig. 1. An observed Fraunhofer diffraction pattern
by a slit of 6 /xm width.
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Introduction
Zirconia ceramics are attractive materials as structural
ceramics with high toughness, fuel cells, oxygen sensors
and refractories. These properties are strongly dependent on
the crystal structures. Thus, the phase changes in the
zirconia solid solutions have been extensively
investigated, however there are various discrepancies and
controversies in the literature. The metastable tetragonal
(t'-form: P42/nmc}-cabic (c, Fm3m) phase transition is
one of the most important keys to solve this problem. We
have investigated the tetragonal-cubic phase change
induced by the doping of oxides as CeO2^ and Y2O32* and
proposed that a tetragonal form (/"-form) with an axial
ratio of unity (c/a =1) exists between the /'- and c-forms.
However, it is difficult to conclude that the c/a ratio of
the /"-form is unity due to relatively bad resolution of the
conventional tube-generated X-ray diffraction data. In the
present work, high-resolution
powder
diffraction
measurements were performed using synchrotron radiation
to obtain more precise c/a ratio.

ZrO2-Xmol%CeO2

Experimental and Data Analysis
The Zr02-Xmol%Ce02 samples were prepared by
sintering the mixtures of ZrO2 and CeO2 powders at
1650°C for 5h in air (X=50, 60, 65, 70). Intensity data
were collected using the synchrotron radiation (X=1.38
A) and the triple-axis/four-circle diffractometer^ as a
powder diffractometer at the beam line BL-3A of Photon
Factory, KEK, Tsukuba. The scanning conditions were:
29 range = 61° to 64°, A28 = 0.01°, fixed time = 10 s or
20 s. The diffraction profile was fitted by one, two or
three reflection peaks assuming the Pearson VII type
function.4^
Results and Discussion
The 400y reflection peak splitted into 004 and 220 ones
of the tetragonal phase for the composition of X=50, but
showed no splitting for X=65 and 70 (Fig. 1). The
precision of the c/a ratio for X=65 and 70 were estimated
to be ±0.001 and ±0.0009 from the full width of half
maximum of the 400y peak. On the other hand, the
neutron diffraction measurements clearly indicated 112y
reflection peak for all samples studied in the present
work.5) The sample of X=60 is interpreted to be a mixture
of the /'- and /"-forms, where the /'-form is defined a
tetragonal phase with a c/a ratio larger than unity. These
results strongly suggest the existence of the /"-form in
this system. Further study for other systems and singlecrystal experiments are necessary to establish this feature.

Fig. 1 Observed (+) and calculated (solid line) powder
diffraction profiles of ZrO2-Xmol%CeC>2.
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Introduction

threshold electron spectrum for Xe. The shake-up
processes may be enhanced for Xe + case.

A merging-beam apparatus was developed for studies on
photoionization of ions^). Recently, the results for
Ba + and Sr + have been reported^). Here, we report the
first measurement of photoionization of Xe + in 4d
ionization region. Yields of photoion with a specific
charge state were determined as a function of photon
energy.

References
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3) U. Becker et al., Phys. Rev. A 39, 3902 (1989).
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Experiment
The experiment of photoionization was made by
using monochromatized synchrotron radiation from a
24m spherical grating monochrometor in the BL-3B
beam line. The apparatus is the same as described in
Refs. 1 and 2 except for the ion source. Xe ions
extracted with 2kV from an electron-impact ion source
were mass analyzed with a Wien filter and deflected 90°
by an electrostatic quadrupole deflector to merge into
the photon beam. Then they were transported to the
interaction region, whose length was 15cm, through
a pair of 2mm0 orifice used to collimate the ionand photon-beam. An electrostatic parallel plate
analyzer was used as a charge state analyzer. The
primary Xe + ions were collected in a Faraday cup
whilst product ions (Xe^+ and Xe^+) were detected by
two secondary electron multipliers. The background
pressure was about 3x10"'^ Torr in the analyzer
chamber and the typical Xe + ion current was about
80nA.
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Fig.l. Partial ion-yield spectra for Xe+ with E/AE=70.
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Figures 1 and 2 show measured relative photoion-yields
for Xe 2 + and Xe 3 + as a function of photon energy.
The energy resolution ( E/AE ) for Figs. 1 and 2 are
about 70 and 160 , respectively. The yield spectra for
Xe^ + reveal a giant resonance structure due to 4d—> ef
transition around 100 eV. As seen in Figs. 1 and 2,
some peaks are observed near 71eV. These peaks may be
explained by the resonance Auger process. The excited
states of Xe + produced by 4d—mp photoabsorption decay
to Xe?+ and Xe 3 + . The spectra for Xe 3 + show some
structures between 75 and 87 eV and between 87 and
93eV. No such structure was observed in the photo-ion
spectra for neutral Xe-*). The origin of these structures is
not clear at present. Hayaishi et al.' observed some
shake-up states just above the 4d threshold in their
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Fig.2. Partial ion-yield spectra for Xe+ with E/AE=160.
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ently formation of Er4+ ions (1%). The former
discrepancy in the population comes mostly from
the difference in the detection efficiencies for ions
with different charges.
As in the cases of other rare-earth atoms, the
cross section curve for Er+ exhibits typical
Beutler-Fano profile. The existence of this
profile and the large Er+ population indicate that
the photoionization in the resonance region is
dominated by the strong interaction between the
4d104f12- 4d94f13 - 4d lo 4f n e (d,g) channel and
the direct 4dlo4f12- 4d104fne(d,g) channel.
We see two interesting tendencies. First, there
is a tendency that the lower-energy peaks provide
photoions with higher charge. Second, the peak
positions depend, though slightly, on the ion
charge, as has been observed in Dy atom.3' In
order to obtain more detailed information about
the photoabsorption and subsequent decay processes, we are going to do photoelectron spectroscopy study on Er atom.

The 4d giant resonances in the photoionization
of rare-earth atoms are the subject of many theoretical and experimental studies. Experimental
studies performed up to date have leaned toward
lighter rare-earth atoms (La, Ce, Nd, Sm, Eu,
Gd, Dy), and studies on heavier ones such as
Ho, Er, Tm, Yb are rather few. The main reason
is that radiation appropriate to these atoms (150~
200 eV) has not been available with sufficient intensities. Recent developments in the synchrotron
radiation technology have made possible detailed
studies on these heavier rare-earth atoms.
The experiment was done at beamline BL-3B
' where a 24-m spherical grating monochromator
provides monochromatized radiation in the 10300 eV region. A time-of-flight mass spectrometer combined with an electron bombardment
oven was used.1' The mass spectra obtained
showed singly- to quadruply-charged ions in the
resonance region. By gating each of Er"+ ion
peaks and recording their intensities with changing the photon energy, we obtained relative
partial photoion-yield cross sections, as shown in
Figure 1. The accuracy in the relative intensities
among the different charges is within 5 %.
The ground state of Er atom is [Kr]4dI05s25p6
4f126s2,3H6. The 4d photoionization spectrum of
Er atom is dominated by the three peaks. These
peaks have been assigned as 3H6(163.7 eV),
3
H5(166.3eV) and 3G5(169.7eV) states of 4d94f13
configuration by Baier etal2) The relative variation of each of Ern+ curves is very similar to that
obtained by Baier et al., but the relative intensities among the different charges are markedly
different. For example, the populations of Er+,
Er2+ and Er3+ ions in their spectrum are 64%,
20% and 16%, respectively at the third 3G5 peak.
These are appreciably different from those in the
present result (57%, 29% and 13%, respectively). In addition, the present result shows appar-
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Figure 1 The relative partial photoion-yield cross
section for Er atom.
1) Y.Sato et al. J. Phys. B, 18, 225 (1985).
2) S.Baier et al. J. Phys. B, 26, 4091 (1993).
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The understanding of correlation effects arising in
the dynamics of electrons escaping from a charge core is a
permanent goal in atomic and molecular physics. Double
ionization of an atom by single photon is one of the
fundamental processes of atomic dynamics. The inner
shell photo-ionization of a 4d electron of Xe is well
known to be followed by the subsequent NOO Auger
decay processes. In order to study the correlation effects,
we challenge to establish an electron-electron coincidence
experimental technique for fy,2e) process with the

90
Auger-electron

<t
180

=o

Photoelectron

improved EICO apparatus '.
Figure 1 shows a block diagram of the apparatus.
A rotatable parallel plate type electrostatic analyzer with a
position sensitive detector to resolve emitted electron
energy and two channeltron detectors with retarding grids
are set in the plane perpendicular to the photon beam
direction.
In the preliminary experiment for the 4d photoionization of Xe by linearly polarized photon beam of 110
eV, both non-coincident signals of 4d photoelectron and
Auger electron measured by the rotatable energy analyzer
have angular distribution oriented the electric vector
direction of the incident photon beam. However, as seen
in Figure 2, each angular distribution of Auger electron
measured in coincidence with 4d photoelectron detected by
two channeltron detectors fixed at 180 and 270 degrees
against the direction of electric field vector of the incident
photon beam indicates that the 4d photoelectron and NOO
Auger electron way out from Xe making an angle 90
degrees to each others. In order to discuss more detailed
about angular correlations, we are proceeding to improve
much more the angular- and energy- resolutions of
detectors.

Start

0 Stop

270
Photoelectron

Figure 1.
Block diagram of the apparatus.

Coincidence E=110eV

30
60
Analyzer angle (deg.)

Figure 2.
Angular distribution of the coincident signal.
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Introduction
Theoretical calculations1) and the study of
take-off angle dependence of the B ^-emission
spectrum2) predict that the valence band of /?-BN
is separated into c- and 7r-subbands.
The
integrated density of states of the two
components is slightly different. Recently we
have measured the polarization degree of the B
^-emission from /z-BN and have ascertained that
the a-component slightly predominates. The
successful polarization measurement owed much
to multilayer mirrors, which we have so far
developed. They are the most useful polarizing
elements in the soft x-ray (SXR) region at
around 45° angle of incidence.3)
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Experimental
The sample was prepared by hot press
from powder of 99.7% purity. Its c-axis was
confirmed to be highly oriented. The experiment
was carried out on BL-3B under a resolution of
0.5 eV with -10 1 1 photons/sec. A rotating
analyzer mounted with a SXR multilayer was
equipped to a SXR emission spectrometer.4)
Figures la and lb show B ^-emission spectrum
of /j-BN and spectral reflectance of a RU/B4C
199-layer polarizer. The peak at 194 eV in Fig.
la is due to the scattered excitation light, which
is completely filtered off with the multilayer. We
used the cut face of the samples, that is, the
emission was observed in the direction normal to
the c-axis. To raise the S/N ratio we used a slit
of 1.0-mm width in front of the sample.
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Results and Discussion
Figure 2 shows the output of the rotating
analyzer vs its azimuthal angle measured for the
B .K-emission. It shows that the emission is
polarized by 8.1%. It was also found to be
independent of the polarization of the primary
SXR's. It was polarized parallel to the interlayer of the sample. This polarization is due to
mostly the cr-component of the valence band of
h-BN. Figure 3 shows the excitation spectra for
a- (solid curve) and n- (dashed curve) emissions.
From the spectra excitation-energy dependence
of the polarization degree is not evidently found.
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reasonable that the reaction is initiated by the
transfer of an electron from the SiO2 to the SFX
(x=l-3) radical.
An equation from Benson5) can be used to
determine the stability of this metathesis complex.
From the .equation, for example, a critical distance
of 2.36 A Between an SF3 radical and an SiO2
substrate is calculated to give the maximum
distance at which the charge-transfer complex can
be stable and the electron can be transferred. The
large distance of an intermediate charge-transfer
complex would explain the fast reaction of SF3
with the SiOj and not need such encounters to
strong collisions and high temperatures. This
supports the etching reaction occurring at low
temperature. Finally it should be noted
that
photochemical charge-transfer excitation6) on the
SiO2 may occur and cause the dissociation of SF6
adsorbate.

Introduction
The photochemical reaction of the adsorbate
molecules on solid surface is important for
fundamental studies of chemical elemental reactions
as well as application studies of photochemical
vapor deposition (CVD), photo-etching, photocatalysis and so on. The fundamental studies,
however, have been rarely performed.
In the present work, the photochemical etching
reaction in adsorption system of SFg/a-SK^ at low
temperature has been fundamentally studied by in
situ X-ray photoelec'tron spectroscopy (XPS).
Experimental
The experiments were performed using soft Xray beam line 3B. The apparatus used consisted of a
double pass cylindrical miller analyzer (CMA), a
sample holder system and ultrahigh vacuum
pumping systems. The CMA is fixed at 75 degrees
with respect to the photon beam. The a-SiC>2 with
thickness of 12nm was used as a sample substrate.
SFg was used as an adsorbate gas. A ~50L exposure
of the adsorbate gas to substrate was carried out at
~100K in order to permit a physisorbed
monolayers of SF6Results and discussion
In order to determine the molecular structure
of the etching surface, Si 2p XPS spectra were
measured. Chemical shifts of Si 1p signals can be
examined
based on the partial atomic charge
model1). Regarding the chemical bonding between
Si and F, measured and estimated chemical shifts of
Si 2p XPS signals can be plotted against the
electronegativity sum of OmSiFn molecules2), where
m and n denote the number of the nearest neighbor
oxygen and fluorine bonds, respectively. Of course
m + n = 4 must hold for satisfying the fourfold
coordination of the silicon atom. Fig. 1 shows the
dependence of Si 2p chemical shifts on irradiation
time along with assignments of molecular structure
of the etching surface. This indicates that the S1O2
substrate is stepwise fluorinated.
The excitation of SFg adsorbate can bring about
its dissociation into SFX (x=l-5) fragment in this
energy region. Since SFv
(x=l-3,5) fragment has
higher electron affinity3), it is possible that the
reaction is initiated by the transfer of an electron
from the SiO2 to SFX (x=1-3,5), forming a chargetransfer complex. However, SF5 fragment has the
structure of a square pyramid (symmetry C^y), so
that it has a larger stenc hindrance than SFX (x=l3) does. The SFX (x=l-3) fragments are more
feasible to react with the SiO2- The driving force in
this mechanism is electrostatic attraction between
the SFX (x=l-3) and the SiOo. Actually SOFX
(x=0-2) products are detected^), so that it is

hv=130 eV
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Fig. 1. The dependence of Si 2p chemical shifts on
irradiation time along with assignments of
molecular structure of the etching surface.
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Introduction
X-ray magnetic diffraction (nonresonant magnetic Bragg
scattering) is known to give us directly information about
orbital and spin moment in a ferromagnetic material.1'
S. P. Collins and D. Laundy, who developed the white
beam method of X-ray magnetic diffraction, applied it to
rare earth compounds2' and obtained the form factor ratio
of the orbital moment to the spin moment.
In the present study we apply the white beam method to
an actinide compound of UTe for the first time. UTe is
ferromagnetic below 104K and has very strong magnetic
anisotropy (the easy axis is < 111 > in the NaCl type crystal
structure). These features are closely related to the electronic state of 5f electrons of uranium which is thought to
be partly delocalized, but details are not yet revealed.
Such features of 5f electrons will be reflected to the
orbital moment. The aim of this study is to measure the
form factor of orbital moment of uranium by X-ray magnetic diffraction.
Experimental
The measurement has been performed at PF-BL3Cj with
white X-rays. The beam position was 0.4mm above the
orbital plane where the polarization factor f? showed its
maximum.3' A specimen of single crystal UTe prepared by
the Bridgman method was a disc with diameter of 6mm
and thickness of 2mm. The experimental geometry is
shown in Fig.l. Reflection intensities of (A 00) planes
(/i=2,4,6...) are measured simultaneously by the white
beam method. The specimen was magnetized with an
electric magnet prepared for diffraction experiment. The
flipping ratio /?'s for QtOO) planes were measured with the
same method as was used for Fe3' at 80K.
Results and Discussion
The observed R is related to form factors of the orbital
and spin moment, L(k) and S(k) respectively, as R =
(1.158)gf?{L(k)+0.3S(k)}/n(k), when the angle between the
directions of magnetization and incident beam is 10°. Here
n(k) is the charge structure factor of UTe. Using the
observed R and the calculated fP by the program4' we
obtained the magnetic form factor of L(k)+0.3S(k), which
is shown in Fig.2 together with the magnetic form factor
of L(k)+2S(k) observed by neutron diffraction.5' The difference between these two magnetic form factors arises
clearly from the difference in the coefficient of S(k) in the
form factors. The X-ray form factor is decreasing more

rapidly with increase of £ and is much closer to the orbital
form factor L(k) itself than the neutron one.
Here we obtained the magnetic form factor which is very
close to the orbital form factor, which will contribute to
reveal the electronic state of 5f electrons in UTe.
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x)

calculated R with the theoretical fi(k) for (220)4) and
calculated values for P, and P c by the program.5) The
vertical emittance was determined so as that the calculated
curve of R well reproduced the observed data of R, and
the value of 1.4nnvrad was obtained. This value will be
used for studies of X-ray magnetic diffraction of other
ferromagnetic materials.

Introduction
X-ray magnetic diffraction (nonresonant magnetic Bragg
scattering) with white beam technique and a single crystal
specimen was developed recently15 and successfully
applied to the magnetic form factor measurement of Fe2)
and Ni.3) The white beam method utilizes both linearly
and circularly polarized X-rays, and the cross section for
X-ray magnetic diffraction is related to the specific
polarization factor /P(=PC /(1-PJ), where P, and P c are
degrees of linear and circular polarization of incident X rays respectively. The polarization factor is known to be
critically dependent on a vertical emittance of a storage
ring of synchrotron radiation.15
The purpose of this study is to reveal the value of
vertical emittance of the storage ring of Photon Factory by
the X-ray magnetic diffraction with a single crystal of Fe.
The vertical emittance has not yet been measured so far at
least for BL3Ca where the experiment was made.

X-ray

Fyperi mental
The specimen of a single crystal Fe is a rectangular plate
of 0.27mm thickness. The surface normal direction is
<110>. The experimental configuration is shown in Fig. 1.
Reflection plane was {110} and the Bragg angle was fixed
to 45°. Diffracted X-ray intensity was measured with a
pure Ge solid state detector(SSD).
The specimen was magnetized along <100> axis with an
electric magnet of closed circuit type. We measured the
diffraction intensities of the positive and negative
magnetization direction fi (/+ and /., respectively) by
reversing the magnetic field alternatively every 10s. Then
we obtained the so called flipping ratio R, which is
defined as R = (/+-/_)/(/++/_). We have measured the R
values for various beam positions above and below the
orbital plane of the PF ring by varying vertically the
position of the slits and the specimen together.
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1
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-0.0041-^
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Results anil Discussion
The obtained values of R for (220) reflection is plotted
as a function of the beam position and shown in Fig.2.
From the theory of X-ray magnetic diffraction the flipping
ratio R is expressed asi? = gf^i(k)/V2n(k)2) when the angle
between the directions of incident X-rays and magnetization of the specimen equals to 45°, where (t(k) and n(k)
are the magnetic and charge form factor of Fe respectively. Here the orbital moment of Fe is assumed to be completely quenched. In Fig.2 is also shown the curve of
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application, PC split again into multiple peaks
but the intensity profile was slightly different
from the initial state. The applied voltage and
frequency dependences of the central peak
intensity were also measured.
These
experimental results suggest that the perfection of
the bookshelf structure at the broad wall is
remarkably improved due to the field induced
torque.

Introduction
The layer structure in thin surface
stabilized ferroelectric liquid crystal (SSFLC)
cells is characterized by the "chevron" structure.
A zig-zag defect is the local layer structure (LLS)
defect observed in SSFLC cells and corresponds
to walls between the two possible chevron
directions1). The zig-zag defect consists of broad
and narrow walls. In a previous report, we have
described the direct observation of the LLS of the
broad wall boundary using synchrotron X-ray
micro-diffraction2). Since the LLS response to
external electric field is one of the most important
characteristics of SSFLC cells, further
experiments were done to study the LLS
deformation under applied electric field.

l)N.Clark and T.P.Rieker, Phys. Rev. A37(1988)1053
2)A.Iida, T.Noma and K.Hirano, Ferroelectrics,
149(1993)117. A.Iida et al., PF Activity Report 1993
#11 p.443
3)A.Iida and T.Noma, Nucl. Instrum. and Methods
B82(1993)129

Experimental
The experiments were done on the BL4A. An X-ray microprobe system used was
described elsewhere-*). The X-ray energy used
was 8 keV. The beam size at the sample was
about 5 x 5 um.
The sample used was CS-1014 (Chisso).
The sample cell was prepared by sandwiching
the FLC material between two glass plates of 80
urn thick with thin ITO electrodes on which the
polyvinylalchol layer was coated and
unidirectionally rubbed. The thickness of the
sample cell ranged from 1.5 urn to 6 urn.
Results and Discussion
Fig.l shows rocking curves (0-scan)
obtained at the broad wall for 6 um thick SSFLC
cell before, during and after the application of
AC square wave (±16 V, 10 Hz). Two sharp
peaks (PL and P H ) appeared at around 6=± 18
correspond to the chevron structure. The central
peak (Pc), which indicates the bookshelf LLS,
appeared only at the broad wall. Before an AC
application, Pc was the multiple . During the
AC application, Pc became stronger in intensity
and narrower in FWHM. After the AC

20

-20

6 Angle (degree)

Fig.l X-ray rocking curves obtained at the broad
wall defect in the SSFLC cell before, during and
after an AC application.
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Introduction
Quantification of trace impurities inside
synthetic diamond crystals grown under high
pressure and high temperature has been carried
out using SR x-ray fluorescence (XRF) analysis.
Selective dissolution of nickel from the metal
solvent into {111} growth sector has been
visualized by using XRF imaging techniques1).
The dissolved Ni concentration ranges up to 170
ppm as far as we know, and the relation between
the concentration and the solvent composition is
under discussion. Beside the quantitative
information of trace impurities, chemical state
information of dissolved Ni has been investigated
using small area x-ray absorption near edge
structure (XANES) measurements.

1) M. Wakatsuki et al., 1991 MRS Int. Conf. Proc.
143(1992).
2) S. Hayakawa et al., Rev. Sci. Instrum. 62,
2545(1991).
3) A. Bianconi et al., Phys. Rev. B32, 4292(1986).

Experimental
Experiments were carried out ontheBL-4A.
A small area XRF system equipped with an xy
sample scanning stage was used. To minimize
background caused by the scattered x-rays, a
Si(Li) detector was placed in the orbit plane
normal to the incident beam. Incident beam
energy was calibrated within the accuracy of 10
eV.

CO
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Results and Discussions
Ni XANES measurements were carried out at
several positions on a Ni XRF image of a
sample with the spatial resolution of 100 pirn.
Figure 1 shows typical Ni XANES spectra
measured at {111} growth sector and at the
inclusion. Figure l(c) shows Ni XANES of
metal Ni measured under the same condition as a
reference. Considering the self-absorption effects
with the fluorescence detection method2), it can
be understood that the Ni XANES at the
inclusion is similar to that of the metal. The
difference of Ni XANES between the {111}
growth sector and the inclusion denies the
possibilities of small inclusion in the {111}
growth sector but confirms the dissolution into
the diamond lattice. A pre-edge peak marked in
the figure suggests that Niis in a tetrahedral site
in the diamond lattice3).

8.30

8.40

X-RAY ENERGY/keV
Figure 1. Ni micro XANES spectra measured a)
at the {111} growth sector and b) at the inclusion
of the synthetic diamond grown in the Ni
solvent. Fig. lc) shows a reference spectrum of
Ni foil (Spim) measured with the transmission
method.
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hair. Development of the exogenous model by this
method are now in progress in our laboratory.

Introduction
We previously reported a biomedical application of
SR-XRF imaging with X-ray micro probe to the hair
of the smelter workers1). It was consequently shown
that determination of two-dementional distribution of
trace elements in the hair cross section provide us an
useful information for monitoring environmental and
industrial metal exposure. To investigate whether
methylmercury administered endogenously shows
localized distribution in hair or not, the detailed
dynamics of the metal in hair of rats was examined by
SR-XRF analysis in the present study.

References
1) N. Shimojo et al., PF Activity Report, 1 1 , 55
(1993).
2) A. Iida et al., Nucl. Instr. and Meth. B, 8 2, 129
(1993).
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Experimental
Methyl mercury chloride (5 mg as Hg/kg, p.o.)
was given to six rats every day for 5 days. The hair
was embedded in acrylic resin and cut into 25 /on-thick
cross section. For determinating Hg contents, rat hair
was harvested at appropriate days as shown in Fig. 1.
XRF measurements were made at BL-4A, PF
utilizing energy dispersive SR-XRF system with
monochromatic X-ray microbeam obtained by
multilayer monochromator and K-B type focusing
optics2). Energy of X-ray used was 14.38 keV. Two
dimensional analysis was carried out by placing a
sample on a XZ stage under the following condition :
beam size, 5 x 6/<m 2 ; step size, 5 /<m/step; counting
time, 10 sec/point.
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Fig. 1 Hg concentration of hair and blood

Results and Discussion
While Hg levels in the blood and hair reached a
maximum at 7 and 8.5 days, respectively, these
elimination curves exhibited a similar pattern (r=0.97),
indicating that the concentration in hair appears to be
extrapolated to that in blood. Also, significant
accumulation (5-10 fold) of the metal in hair compared
to the blood was observed (Fig. 1). SR-XRF imaging
revealed selective accumulation of Hg in the cortex
(Fig. 2). Appreciable difference in the site-specific
distribution of Hg was not detected even if hair
samples of rats which are cut at different positions (2
to 11 mm each ) from the root end, were employed;
however, the Hg levels of these samples were different
By contrast, the imaging result of exogenous exposure
of human hair to Pb indicated that the metal
accumulated only in the cuticle. Taken together it is
found that SR-XRF analysis enables us to distinguish
between endogenous and exogenous metal exposure of

Fig. 2 Imaging of hair cross section at 1 mm from the
root end of the No. 4 rat.
a): light microscopic photograph of the
sample, and distribution of b): Hg, c): S,
and d): Zn.
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of the staining to evaluate the renal damage is now in
progress.

Introduction
Mercury is a nephrotoxic metal and thought to cause
more serious damage to the proximal convoluted tubule
than to the distal tubule. Thus a simple and convenient
method for determination of two-dimentional distribution
of mercury after exposure is required to clearify
relationship between the distribution and the
morphological change. In this study, using SR-XFR
imaging technique with X-ray micro probe, we examined
detailed distribution of not only mercuric compounds
after administration but also endogenous trace elements
(copper and zinc) in rat kidney.

References
1) A. Iida et al., Nuct. Instr. and Meth. B, 8 2 129
(1993).

Experimental
Mercuric chloride (HgCl2) and methylmercury
chloride (MMC) (5 mg as Hg /kg s. c.) were
administered to five male rats, respectively, and then
these animals were sacrificed 24 h after the injection.
One of the each rat kidney was fixed in 10% buffered
formalin and embedded in acrylic resin, then cut into 20
/<m-thick cross section for the specimens of SR-XRF
analysis. The other kidney was digested with
concentrated nitric acid, and then mercury level was
measured by flameless atomic absorption spectrometry
(FAAS) and copper and zinc were by inductively coupled
plasma atomic emission spectrometry (ICP-AES).
XRF measurements were made at BL-4A, PF
utilizing energy dispersive SR-XRF system with
monochromatic X-ray microbeam obtained by multilayer
monochromator and K-B type focusing optics1). Energy
of X-ray used was 14.38 keV. Two dimensional
analysis was carried out by placing a sample on a XZ
stage under the following condition : beam size, 5 x 6
}tm2; step size, 5 ^m/step; counting time, 10
sec/point.

Fig. 1. Imaging of mercury and zinc in the HgCl2treated rat.
Kidney section specimen (a) and fluorescent Xray intensity distribution of mercury (b) and
zinc (C). G: glomerulus, T: renal tubule

Results and Discussion
Under the conditions described above, the lower limit
of detection for elemental imaging was around 20 ftglg
in all cases. As shown in Fig. 1, both mercury and zinc
were more accumulated in the renal tubule compared to
the glomerulus. The elemental map for copper was not
clear because of its minimal content (Table 1). Similar
results were observed in the MMC-treated rats.
Because the SR-XRF imaging used in this study can
be performed without destroying the samples, we are
able to examine the same sample histologically after the
elemental analysis. Therefore, this method appears to be
a powerful technique for the simultaneous determination
of two-dementional distribution of toxic metal and
histochemistry in biological samples. The experiment

Table 1 Metal concentration in the rat kidney.
HgCl2

Hg
Cu
Zn

MMC

70.7±14.7 b 15.3 ±1.7
6.05 ± 0.39 a ' b 4.13 ±0.44
19.7 ± 1.4 b ' 17.3 ±0.5

non-treatment
0<g/g wet tissue)
4.52 ±0.55
18.3 ±0.9

Values indicate mean ± S. D. for 5 rats.
Significant difference between a: HgCl2 and
non-treatment, b:HgCl2 and MMC. p<0.01 ':p<0.05
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Introduction

Discussion

The preference of minor elements including activators
of cathodoluminescence between calcite and dolomite
in carbonatite has been decided by using two-dimensional
imaging analyses of X-ray fluorescence technique.
Calcite [Ca(CO3)] and dolomite [CaMg(CO3)2], which
are major components of carbonatite, show
cothodoluminescence caused by activation ions. Calcite
and dolomite emit yellow and reddish orange
luminescence respectively both activated by Mn2+ ion.
Cathodoluminescence of these minerals are observed
most intensively when the activators are included about
a few thousands ppm in them.

Fig. 1 (left) is the grayscale map showing enrichment of
Ca, which is main components of both calcite and
dolomite. Three water droplet-like exsolution lamellae
are dolomite, where is thicker in grayscale than the calcite
region around them, it means dolomite is poorer in Ca
than calcite. The dark area in right side of Fig. 1 (left) is
magnetite particle which is lack of Ca. For the same
area as Fig. 1 (left) the fluorescent X-rays of Mn, Fe, Sr,
P, Ti and Zr were collected. Consequently the slight
differences of these minor elements between calcite and
dolomite were detected in the two-dimensional visual
map. The smaller cations as Mn and Fe than Ca are
more enriched in the dolomite. On the other, Sr which is
larger than Ca is more enriched in calcite. These three
cations are able to substitute Ca or Mg atom and could
be main components in the calcite (or dolomite) structure.
Other cations are richer in calcite. Those cations have
the smaller ionic radius and the larger valency, which
means they have the larger ionic potential. The chemical
state of Mn was determined by the chemical shift of
XANES of Mn K-edge. The valence of Mn is found to
be +2, which is consistent with the wavelength value of
CL emission. The form of XANES spectra is just like as
that of rhodochrocite and kutnohorite, both are the
carbonate minerals including Mn as main component.
This suggests minor amount of Mn in calcite and dolomite
substitute the Ca or Mg sites in these structures.

Experimental
Samples of sovite carbonatite from Jacupiranga, Brazil
was polished to thin section to enable to transmit of
visible light under the polarization optic microscopy.
Previously, the position of the exsolution lamellae of
dolomite from calcite was decided by the optical
microscope and the cathodoluminescence. The X-ray
fluorescence apparatus equipped in BL-4A station of PF
was used for scanning two-dimensionally on thin section
and measured intensity of fluorescent X-rays of
characteristic elements from it. Beam size was 100 \im
x 100 pm, step width was 75 (im x 75 |J.m, and intensity
was measured for 10 seconds per one step. Scanning of
43 x 43 steps made the two-dimensional imaging map
covering 3.225 mm x 3.225 mm range. XANES spectra
of Mn were recorded for the determination of chemical
state of manganese atom which is activator of both calcite
and dolomite.
Ca

Fig.l Two-dimensional imaging mao of
Ca (left), Mn (center) and P (right) of
Jacupiranga carbonatite.
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Introduction
Eels are known to pass through a
leptocephalus larval form. Leptocephalus is
unique in their leaf-like transparent, laterally
compressed body which includes a large
gelatinous matrix. The gelatinous matrix is
composed mainly of a glycosaminoglycan
(GAG) which possesses an affinity to Sr and is
broken down and consumed during the
metamorphosis from leptocephalus to juvenile.
Otake et al.1) reported that leptocephali had
high Sr contents in the body and otolith which
dramatically decreased during the
metamorphosis, and suggested that the changes
of Sr content related with GAG formation and
breakdown in the body. This study is focused on
making clear (1) the distribution pattern of Sr in
leptocephalus body, (2) changes of Sr content in
tissues, and (3) the relationship between the
body Sr content and GAG dynamics.
Materials and methods

data was converted into the relative intensity to
the Compton scattered peak which was
calculated as follows:
(Net count of Sr-ko peak area /
Net count of Comp. scattered peak) x 103
Results and discussion
Relatively high intensity of Sr distributed in
gelatinous matrix in full grown leptocepalus. In
metamorphosing leptocephali Sr distribution
was partial in notochord, which related to bone
development (Fig. 1). Relative intensity of Sr in
the gelatinous matrix of metamorphosing
leptocephali was distinctly lower than that in the
full grown leptocephalus (Fig.l), indicating that
Sr content in gelatinous matrix decreased during
the metamorphosis. There found no distinct
changes in Sr relative intensity of muscle and
intestinal organs between leptocephalus and
metamorphosing specimens. Although sample
number is small, the findings seem to suggest
that GAG dynamics is involved in the changes
in Sr content in tissues in leptocephali. We
thank Dr. A.Iida for helping the SRXRF analysis.

Four Conger myr taster leptocephali of full
grown and late metamorphic stages, collected in
the coastal waters of Oarai, Ibaraki Prefecture,
Japan, in April and May 1994, were used for
this study. Cryo-cross-sections (75 um in
thickness) of the body of the specimens placed
on a Myler membrane backing fixed on a plastic
frame were prepared for the SRXRF analyses.
Two dimensional and point analyses were
carried out on the BL-4A at the Photon Factory.
Point analyses were performed on the tissues of
gelatinous matrix, notochord, muscle, and
intestinal organs including gut and liver. The
sample was excited by monochromatized X-rays
of 19.5keV under 10'2 torr. The beam size was
adjusted to the dimension of 60x60^m2. For
two dimensional analyses samples were scanned
horizontally with 36-50 points, vertically 21-50
points (150-200um step size). Each point was
exposed for 7-30 seconds. Exposure time for
point analyses was 1000 seconds. Each count
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Fig.l Changes in Sr relative intensity of gelatinous matrix
(•), notochord (O), muscle (•), and intestinal organs (D).
Metamorphosis proceeds from right to left along the x
axis. The criterion of metamorphic stages are shown as
the ratio of preanal length to total length (PAL/TL). The
value of leptccephalus and juvenile are about 0.90 and
0.30, respectively.
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(1994)
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Introduction
The recent development in synchrotron
radiation instrumentation has enabled the
realization of hard X-ray microprobes of less
than a few um beam size. On BL-4A, the X-ray
microbeam system using Kirkpatrick-Baez (K-B)
optics has been used for spectroscopy and X-ray
diffraction experiments. 1>2»3) A practical beam
size was around 5 x 5 um2. In order to reduce a
beam size with a sufficient photon flux, two
types of experiments were performed: 1) K-B
optics has been newly designed for BL-16X to
fully utilize radiation from a multipole wiggler,
and 2) the BL-4A microbeam system has been
improved in the beam size.

effective. A series of 5 rectangular slits, ranging
from 700 x 280 |im2 to 200 x 60 um2, was
placed at 3 m from the source point. A W thin
wire of 2.5 um in diameter was scanned at the
focusing point to measure the beam size. The
beam size was reduced from 5 um to 2.5 um.
Authors would like to thank Prof. H.
Maezawa and Mr. S. Asaoka for the installation
of the slit in the beam line.
l)A.Iida and T.Noma, Nucl. Instrum. and Methods
B82(1993)129
2)A.Iida et al., Jpn. J. Appl. Phys. 32 (1993) Suppl.32-2,
160
3)A.Iida et al., Ferroelectrics, 149(1993)117

BL-16X: sub-|im X-ray microbeam system
The experimental arrangement was
essentially the same as that installed on BL-4A.1)
Synchrotron radiation from the multipole wiggler
was monochromatized by either a double crystal
monochromator or a multilayer monochromator.
A pair of elliptical mirrors made of fused quartz
coated with Pt was used. The demagnifications
of the vertical and horizontal mirrors were 1/200
and 1/750 respectively and the expected beam
size at the focusing point was about 2 x 2 um2.
The knife edge scanning was used to measure the
beam size. The X-ray energy was 9 keV. The
beam size of 1.6 x 1.7 urn was obtained with the
photon flux of about 4 x 108 ph/sec/300mA by
the multilayer monochromator. By reducing the
opening of slits located at about 24 m from the
source point, the beam size of 0.7 (horizontal) x
0.9 (vertical) um2 with a photon flux of about 1 x
10 7 ph/sec/300mA was obtained by the
multilayer monochromator. Fig. 1 shows the Ni
Ka fluorescent and transmitted X-ray intensity
distributions from a Ni 2000 mesh per inch grid.
Fig.l(c) is the detailed intensity distribution
along the vertical direction.
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Vertical Displacement^™)

Fig. 1. Ni Ka (a) and transmitted (b) X-ray
intensity distributions from a Ni 2000 mesh per
inch grid. 121 x 121 steps, 0.25 um / step. The
darker regions correspond to higher intensities,
(c) detailed intensity distribution in the vertical
direction.

BL-4A: Improvement of the microbeam system
To reduce the beam size of the X-ray
microbeam system being used on BL-4A, the use
of a slit close to the source point is practically
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sample on a XZ stage under the following condition :
beam size, 10 x 6 /<m2; step size, X=10 /an/step and
Z=5 fimlstep; counting time, 10 sec/point. For
histopathological determination, the same sample was
stained by the method of periodic acid Schiff reaction
(PAS) .

Introduction
We previously reported the detailed distribution of
trace elements on the hair cross sections of the smelter
workers by SR-XRF imaging with monochromatic Xray microbeam obtained by K-B type focusing optics-0.
This technique has enabled us to provide high spatial
resolution by a small microbeam (approximately 5 x 5
pro.2 size) with an appropriate photon flux; however, it
is hard for the system to change beam size at every
specimens. To solve this problem, we attempted
biomedical application of SR-XRF imaging with white
X-ray microprobe to kidney of the mercury-administered
rat in the present study.

Results and Discussion
Clear imaging of mercury distributed in rat kidney
was successfully carried out with white X-ray
microprobe while the metal concentration was 67.8
ftglg (Fig. 1). Result of PAS staining for mercurytreated kidney revealed that appreciable tissue damage
was not observed after the analysis. In the proximal
tubules, mercury was higher in the damaged tubules
than in the normal tubules whereas the distribution of
zinc, an endogenous trace element, was opposite.
Though white X-ray microprobe is thought to cause
a damage to the sample, no significant damage was
observed for the kidney specimen in the present SRXRF imaging technique. Consequently, it is found that
white microbeam analysis is a usefull technique to
obtain two-dimensional metal distribution in biological
sample because beam size is easily adjusted by the slit
in short time.

Experimental
Mercuric chloride (HgCk) (5 mg as Hg /kg s. c.)
was administered to a male rat, and then the animal was
sacrificed 24 h after the injection. One of the rat kidney
was fixed in 10% buffered formalin and embedded in
acrylic resin, then cut into 20 /on-thick cross section for
the specimens of SR-XRF analysis. The other kidney
was digested with concentrated nitric acid. Then
mercury and zinc levels were measured by flameless
atomic absorption spectrometry (FAAS) and inductively
coupled plasma atomic emission spectrometry (ICPAES), respectively.
XRF measurements were made at BL-4A, PF
utilizing energy dispersive SR-XRF system with white
X-ray microbeam obtained by a slit system. Two
dimensional analysis was carried out by a placing

References
1) N. Shimojo et al., PF Activity Report, 1 1 , 55
(1993).

Fig. 1. Imaging of mercury and zinc in the
HgCl2-treated rat.
PAS staining for the kidney section
specimen (a) and fluorescent X-ray
intensity distribution of mercury (b)
and zinc (C).
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Introduction
High quality single crystals of diamond are
_grown in the metallic solvent, and it is required to know about impurities in then incorporated from the solvent, as the basic data for
the impurity-controlled crystals. Main elements
used for composing the solvents are Fe, fli, Co,
Mn and Co. Other elements such as Al, Ti, Zr
and Cu are occasionally added. Some of these
elements are incorporated into the diamond
lattice as well as being contained as inclusions. We have detected dissolved Ni, and determined its concentrations. Dissolution of Fe
has not yet been confirmed in spite of repeated
trials of analyses, because of its very low
level of dissolution, which is easily masked by
unexpected, low level contamination.
We are continuing efforts of detecting, and
determining concentration of, other 3d elements.
Recently, we succeeded in detecting Co and Mn
in crystals grown in pure Co and an alloy of
Ni-Mn-Co (68:27:5 by wt).
Experimental
Inclusion-free crystals were grown at a pressure of 5.5 GPa and temperatures of 1200~1400
°C. Then, they were cut parallel to the direction of a {110} plane, and formed into wafers
of about 0.2mm in thickness. XRF measurement
was carried out on the BL-4A, using a monocromatized 9 keV beam. The beam was concentrated
with the ellipsoidal mirror and limited to a
size of around 100/zmx 100£fm. The detailed
method of the concentration determination is
reported elsewhere[l]. A sample was mounted on
the x-y scanning stage, and point analyses were
carried out at selected positions of interest
on the XRF images.

Results and discussion
The x-y concentration mapping and point analyses for Sample R, grown in pure Co, showed detectable Co in the {lll}-sectors and in the
{311}-sector. It was not detected in the {100}sector. Results of the point analyses are illustrated in Fig.l. This behavior looks the
same as that of Ni £2]. Absolute concentration
determination has not yet been finished for the
sample R, but measurement on another Co-grown
sample, N (performed in 92G-247), shows concentrations up to 17 ppm. Solubility of Co in
diamond seems a little less than that of Ni.
Based on XANES spectrum and the similarity of
the distribution behaviors of Co and Ni, Co is
thought to be dissolved in the diamond lattice
[3].
Point analyses on Sample 0, grown with the
Ni-Mn-Co alloy solvent, has shown the similar
behaviors of concentration distribution for Ni
and Co. The data are shown in Table 1.
Mn was also detected in Sample 0. However, no
correlation was found between the concentration
of Mn and that of Ni (or Co). The XANES spectrum for Mn, measured on the region free from
inclusions, was different from that measured on
the inclusion. This suggests a possibility that
Mn is also dissolved in the diamond lattice,
though it should be confirmed by other methods,
such as CL, PL and EPR.
References
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Table 1 Concentrations of Ni, Co and Mn,
determined for Sample 0.
(grown in Ni-Mn-Co alloy)

1
Fig.l Point analyses on Sample R.
O : Co is not detected
•: Co is detected

Position growth sector Ni(ppm) Co(ppm) Mn(ppm)
1
0.13
1.6
43
(111)
2
41
0.14
4.2
(111)
3
(lll)+(100)
19
0.05
15
4
(100)
1.2
0
0.73
5
39
0.12
2.7
(111)
6
(100)
4.2
0.05
7.1
7
(100)
1.4
0
0.8
8
inclusion
—
—
—
9
(100) + (111)
13
0.07
2.3
10
(110)
2.0
0
2.5
11
(110)
2.9
0
3.0
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Introduction

were measured and compared with those of PG I and PG
II.

A great number of structural studies for polyglycine

For the A-series, very intense reflections at

(PG) and poly-L-glutamic acid (poly(Glu)) have been

4.18-4.20 A and weak ones at 3.12-3.17 A were observed,

1

corresponding to the 4.14~ and 3.09~ A reflection of PG

made by various techniques \

According to the X-ray
2)

and PG II in the

II, respectively, while the patterns of the B-series

For poly(Glu), it is well known that

contained very intense reflections at 3.36~3.37 A and

this polymer takes up a-helix, p-structure and random

medium ones at 4.35~4.39 A, corresponding to the 3.42-

coil in the solution and in the solid state.

and 4.36- A reflections of PG I respectively.

studies, PG I is in the p structure
3)

helical structure .

In particular,

A-series oligomers gave only the PG II-like reflection.

for the P-structure of poly(Glu) in a gel state the presence
of two P-forms (Pi and p2) has been confirmed by X-ray
diffraction A\

For N-octanoyl-L-glutamic acid, reflections at

However, conformational studies on the

oligomers are very few.

Thus, the

2.30-2.34, 2.61-2.66, 3.11-3.19, 3.57-3.62, 3.91-3.96,

In the present work N-

4.70-4.74 and 7.66-7.84 A are observed for the shorter

acetylglycine oligomers, and their potassium salts, N-

oligomers (N=3~6).

octanoly-L-glutamic acid oligomers were prepared and

to those at 2.31, 2.60, 3.17, 3.61, 3.90, 4.74 and 7.83 A

the conformations of these oligomers in the solid state

for P2-type poly(Glu).

were investigated by X-ray diffraction powder patterns.

(N=8~12 and 14), reflections at 2.61-2.80, 3.89-3.93,

These reflections are closely related
For the longer oligomers

4.63-4.64 and 9.00-9.32 A are observed, and correspond
to those of the Pi-type poly(Glu) at 2.80, 3.89, 4.73 and

Experimental
N-Acetylglycine oligomers (residue number n=3~5)

9.03 A. Moreover, the diffraction pattern features of the

were prepared by a method similar to that of Ingersal and

shorter oligomer samples are very similar to those of the

Bubcock5).

p2-type poly(Glu) and the patterns of the longer oligomer

Two crystalline modifications for these

glycine oligomers were obtained. N-Acetyl glycine

samples to those of the Pi-type poly(Glu).

oligomers [A-series] treated in saturated LiBr aqueous

observations suggest that the shorter oligomers take a

and the samples [B-series] treated in dichloroacetic acid

conformation similar to the P2-type poly(Glu) and the

were prepared.

longer oligomers that similar to the Pi-type poly(Glu).

N-Octanoyl-L-glutamic acid oligomers

These

(residue number, N=3~12 and 14) were prepared by the
method described in our previous paper 6) .
the
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Introduction
Diffraction methods are being used to
characterise
phase
abundance and
residual strain in zirconia-toughened
alumina (ZTA) ceramics.
Laboratorybased x-ray and neutron diffraction
measurements
have
indicated
substantial differences
in character
between the near-surface and the bulk
(1,2,3).
Synchrotron radiation offers
the possibility for determining depth
profiles of phase abundance and strain
in the alumina
matrix
and the
monoclinic (m) and tetragonal (t) ZrO2-

pronounced maximum as the ZrO2
concentration increases beyond about
10% by weight. This behaviour, which
is consistent with Young's modulus
data in the literature, seems to indicate
the onset of micro-cracking in the
matrix (3) Uniform residual strain
depth profiles demonstrate a negative,
or compressive, strain near the surface
(2.00A) which increases with ZrO2
loading and depth below the surface
(Fig. 1.); and (4) Detection, for the first
time, of P-alumina in ZTA specimens.

Exper i mental
The instrument employed was the
high-resolution powder
diffractometer
described by Ozawa et al (4). Fullpattern data sets were collected at
wavelengths 0.73, 0.87, 1.07, 1.52 and
2.00 A provide information depths for
low-angle data ranging from about 2 to
35 u.m from the surface.
Data were
collected in symetric reflection mode
with a 0.5 mm incident beam slit. The
specimen suite comprised a sintered
alumina,
and six ZTA specimens
containing, respectively, 4.5, 7.3, 9.0,
11.7, 14.9 and 18.4% zirconia by weight.
The samples
were
examined assintered, i.e. without surface treatment
and after grinding and polishing.

8

10 12 14 16 18 20
Wt%2rO

Fig. 1. Variation of uniform strain in
alumina with different ZrO2 levels at
three
wavelengths.
Rietveld
refinement of the data was used to
determine the strain from shifts in the
a cell parameter shift.
References
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Results and Discussion
The results so far have indicated the
following: (1) Depth profiles for the
t-ZrO2/m-ZrO2 phase composition ratio
by
weight
showing
substantial
variations in the level of transformed
zirconia with ZrO2 loading, depth and
surface treatment (2) Residual strain
depth profiles showing that the nonlinear
strain
associated
with the
monoclinic grains passes through a
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INDEPENDENT DETERMINATION OF THE TEMPERATURE FACTOR
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Pi scussion
Increasing the number of data and smoothing
the values of structure factors against the
wavelength, saturation of R-factors was attained when the values of K were about 1.1
which should be 1.0 if the errors in experimental data were negligible. However the obtained temperature factor was about 1.6A .
This value is very much larger than 0.912A
obtained at C u K a l by the conventional method.
[4]

The temperature factor of a Ga atom in GaAs
powder sample was determined independently of
that of As atom by the use of the anomalous
d i spers i on.
Results and Analysis
Eleven diffraction measurements were carried
out near the K absorption edge of Ga(1.19580 A ) ,
on the longer wavelength side in the range
from 1.19735 to 1 . 2 1 1 1 6 A . The results are
shown in Fig. 1. The values of structure factor were smoothed against the wavelength by
the use of the third order power series.
The scale factor of data in each measurement
was determined by the conventional method
using the theoretical values of the anomalous
dispersion correction terms(ADC)[1]. The error of F(311) is within ±2%, which shows
good accuracy of our measurements.
Experimental ADC of Ga near the K absorption
edge of GaAs was obtained by T.Fukamachi from
absorption coefficient measurement[2], and
recently by M.Yoshizawa from pendel loesung
beat due to X-ray resonant scattering[3].
The temperature factors were estimated using
the same kind of parameters as previously,
those are K,L and B G shown in
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Fig. 1. Structure Factors of GaAs
versus X-ray Wavelength
(111)

•

.,

'• *

K* | F L (hkl) 2. Fo(hkl)
=L*16*[(f'GL-fGS)*(2f0G+fGL +f G S ) ]
*exp(-2BGs2),

(311)
^——*—

-100

where s=(sin 9 I A. ) 2 , F L and F s are the structure factors at longer and shorter wavelength,
f Q G is the atomic scattering factor of Ga and
f' c the real part of ADC of Ga. When K was
changed parametrically, L and B G were estimated by the least mean squares method. The
value of B G was determined when the R-factor
was about 0.01 and indicated saturation.
Although values of ADC are somewhat different
between each other,the temperature factors
were about l. 5 A ^ from Fukamachi's ADC and Yo
-shizawa's ADC, and 1 . 6 A 2 from the theoretical one, as shown in Table 1.
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1.200
1

•

1.205
1

1.210
1

1favolcngth(A}

T a b l e 1. T e m p e r a t u r e f a c t o r o f G a a t o m o b t a i n e d f r o m p a i r s o f
diffraction measurements.
Fukamach i' s

Theoretical

Pai r s ( A )

B G ( A 2)
1. 1 9 7 3 5 - 1. . 1 9 8 2 6
1.19826- 1.19918
1. 1 9 9 1 8 - 1 . 2 0 1 6 8
1.20168- 1.20516
1. 2 0 5 1 6 - 1. . 2 1 1 0 0

1.5
1.5
1.6
1.6
1.7

BG(A

R

1 .4
1 .5

0.009
0.013
0.036
0.010
0.010

1.6
(1.6
(1.8

2

)

Yoshi zawa s
R

0 . 009
0.013
0.011
0.014)*
0 . 0 1 0 )*

*: using extrapolated values of f' and f"
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B G (A 2)
1.4
1.5
1.5
1.6
-

R
0.009
0.013
0.036
0.010

-
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Introduction

orthorhombic milieu, however, the latter is lowered to
C2/ml(l). The layers are not stacked right over their
neighbours of same kind, but are shifted by ±saJ2 or
±taJ2 for LaS or VS2 respectively. Since these two
possible shifts (up and down) for each kind of layers are
equivalent owing to the mirror planes perpendicular to
[100], stochastic change of the signs leads to a disordered
structure. A method for calculating the diffraction intensities of such disordered layer structures has been given by
Kakinoki and Komura.2> Some trial calculations with two
probability parameters A for uu-u or dd-d and B for ud-u
or du-d sequences lead to the best agreement between the
observed and calculated intensity profiles at s = 0.64 and t
= 0.5. The probability parameters were determined by the
least-squares method; A = 0.88, B = 0.77 for the LaS and A
= 0.88, B - 0.83 for the VS2 substructures. Fig. 2 shows

The structure of the composite crystal (LaS) ug VS 2
consists of interleaved incommensurate layers parallel to
(001) of LaS and VS2, each of them forming a substructure
based on a C-centred orthorhombic lattice with ax =
5.705(1), b = 5.828(1), c = 22.32(2) A, Z = 8 for LaS and
a2 = 3.366(3), b = 5.828(1), c = 22.32(2) A, Z = 4 for VS2.
The b and c axes are common to both substructures. The

Fig. 1. Projection of the (LaS)U8VS2 structure onto (100)

structure of the (100) projection (Fig. 1) is isotypic with
that of the orthorhombic (PbS)j 18TiS2;" plane group pgm,
b' = b/2, c' - c. The La and S atoms of LaS are arranged
like Na and Cl in the NaCl structure. The V atom is
surrounded by six S atoms octahedrally.

Adu^ujbjU^jlJlul^j^^

Experimental
While the Okl reflections are sharp, all the other reflections
are more or less diffuse and connected to each other
through diffuse streaks parallel to c*. The intensities of Okl
reflections were collected on a CAD4 diffractometer using
MoKa radiation; 1 < 6 < 30°. After applying an absorption correction, the intensities were reduced assuming an
mm symmetry. The profiles of the diffuse reflections and
streaks within the \kl planes of both substructures were
measured on the equi-inclination Weissenberg patterns
taken at BL-4B using monochromatized synchrotron
radiation of wavelength 1.180 A.

-10

-5

10

15

20

25

Fig. 2. Intensity profiles. Straight lines: calculated, dashed
lines: observed. From top to bottom & = 5, 3, 1,-1,-3.

the observed and calculated intensity profiles of ikC, of the
LaS substructure. Each substructure forms an OD structure
for itself, but the composite structure as a whole does not.
Detailed discussions are published elsewhere.3'

Structure Determination

References

The structure of the (100) projection was refined by the
least-squares method based on 94 F 0 's. Using anisotropic
atomic displacement factors, the refinement converged to
R = 0.067, /?,„ = 0.084. The LaS and VS2 layers have the
symmetry of Cmm(a) and P(3)2/ml respectively. In the

1) Smaalen, S. van & de Boer, J. L. (1992) Phys. Rev.
B46, 2750 - 2757.
2) Kakinoki, J. & Komura, Y. (1965) Ada Crystallogr. 19,
137 - 147.
3) Kato, K. et al. (1995) Z. Kristallogr. in the press.

53

93-P012
ELECTRON DISTRIBUTION AND CHEMICAL BONDING OF A15-TYPE Cr
OBTAINED BY MAXIMUM ENTROPY METHOD
Kiyotaka NAKAHIGASHI and Hiroki ISHIBASHI
College of Integrated Arts and Sciences, University of Osaka Prefecture Sakai, Osaka 593, Japan
are drawn in order to demonstrate
the bonding
character. The contour lines (eA"3) are drawn from
0.4 to 2.0 with 0.1 intervals. The electron-density
distribution around 6c-site Cr atoms (Cr(2)) is quite
different from that around 2a-site Cr atoms (Cr(l)).
The tight covalent bonding between the adjacent
Cr(2) atoms within the infinite linear chains is
clearly found, and the peak height at the middle3 point
between adjacent Cr(2) atoms is 0.9 eA" . The
electron densities observed around the points such as
0 1/20 show a cross section of the linear chains
along the z axis. Furthermore, the electron-density
distribution about the Cr(2) atoms spreads in the
direction perpendicular to the linear chain.
On the other hand, the asphericity of the electrondensity distribution around Cr(l) atom is characterized by the spread toward the centre of the
adjacent Cr(2) atoms. These facts may be an
indication of the existence of a weak bond between
the Cr(l) atom and Cr(2)-Cr(2) bond. In contrast to
the valence-electron distribution, the core-electron
distribution is perfectly spherical.
The peak height at
the Cr(l) atoms is 349.1 eA-3, and at the Cr(2)
atoms,
the height is slightly smaller, i.e. 343.6 eA~3.

Introduction
The A15-type Cr exists only in fine particles or thin
films together with bcc Cr and further this structure
easily translates to bcc above 450°C. Therefore
almost all investigations hitherto reported were
limited to a crystal facet and magnetic properties.
The present report gives the results of the study of
the electron-density map and the bonding character of
the A15-type Cr obtained by a combination of powder
x-ray diffraction data and the maximum-entropy
method (MEM).
Experimental
The Cr fine powder used was prepared by evaporation
of bulk Cr with purity 99.995% in an Ar atmosphere
at about 1.3 kPa pressure. The x-ray diffraction
experiments were carried out using both the powder
diffractometer installed at the experimental station
BL-4B and a Rigaku RINT 1500-type diffractometer.
The wavelength of the incident beam in the
synchrotron radiations (SR) was selected to be
approximately lA in order to obtain a optimum
diffraction condition. Diffraction intensity data were
collected by step scanning with a sampling interval
of 0.02° in 26. The accumulation time and scan range
was 12 s and 23os26sl33° for the former, and 50 s
and 35°s20sl45° for CuKcc radiation for the latter,
respectively.
The average particle size of the A15-type Cr was
determined as about 700A from the dependence of the
full width at half maximum on the value of the
scattering vector for each Bragg reflection by the
Scherrer equation.
Analysis
In order to determine the accurate integrated
intensities of respective reflections from powder xray intensity data, a whole-powder-pattern fitting was
carried out with the computer program WPPF by
Toraya". 29 and 13 integrated intensities of the A15type Cr for SR and CuKa radiation, respectively,
were determined. However, the reliability of the
integrated intensities for SR was fairly poor because
a peak-to-background ratio is somewhat small.
Therefore the integrated intensities determined from
CuKa radiation were used for the following analyses.
The refined unit cell parameter was 4.60089(3)A.
Next, the scale factor was determined by an ordinary
least-squares method in order to convert the
integrated intensities into the structure factors on an
absolute scale. The electron density p(r) at a certain
pixel located at r was calculated by the MEM. The
calculation was done in the region of the_minimum
asymmetric unit of the point symmetry m3m within
the divided 64x64x64 pixels.

(0,1/2)

(0,0)

(1/2,0)

Figure. The MEM electron density distribution map
for the
(001) plane of A15-type Cr. The contour lines
(eA"3) are drawn from 0.4 to 2.0 with 0.1 intervals.

Results
In the present calculation, the values of R and Rw
factors attained at the final MEM map were 0.21%
and 0.29%, respectively, and therefore excellent
MEM maps were obtained. The electron-densitydistribution map of the lower-density region for the
(001) plane is shown in figure, where 2x2 unit cells
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Introduction
The parallel-beam optics using synchrotron
radiation for high-resolution powder diffraction
experiments can be most effectively used by
combining it with either horizontal parallel slits
(hereafter called HPS) or crystal analyzer mounted
on the diffracted beam side. The crystal analyzer
generally gives higher angular resolution, while the
HPS is advantageous in obtaining high intensity.
Two main purposes of the present study (Toraya et
al., 1995) are: to achieve the 0.03° angular
resolution and to stack the foils to the 25 mm height,
which is required for asymmetric 20 scanning at a
fixed incident angle (Toraya et al., 1993).

with HPS1. The relative transmission efficiency of
HPS1 against HPS2 is considered quite good if we
take into account the ideal value of 84% (Table 1)
and a technical difficulty in stacking parallel 167
very long thin foils of stainless steel.
Table 1. Comparison of peak maximum
intensities (/ max ) and FWHM's
Slit
HPS1
HPS2
RS = 0.1mm
RS = 0.2 mm
RS = 0.5 mm

Instumentation and Experimental
Two sets of HPS (hereafter called HPS1 and
HPS2 for HPS's with 0.032° and 0.065° apertures,
respectively) were constructed. Some specifications
(for HPS1 and HPS2) were: transmission efficiency
(%) = 67 & 80, spacing between the two foils (mm)
= 0.1 & 0.2, number of foils = 167 & 100, thicknee
of foil (stainless steel) (mm) = 0.05, length (mm) =
353, effective window size (mm2) = 15 (width) x 25
(height).
The powder diffractometer PFPD at a BL-4B
experimental station was used for testing the HPS.
The profile intensity was step-scanned at step
intervals of 0.005 ~ 0.02° and the counting time of 2
~ 5 s at each step.

/ ^
14223
24236
1655
5199
15348

FWHM
0.0319
0.0582
0.0385
0.0564
0.1153

Angular variation of resolution function) Variations
of FWHM with 29, observed with HPS1 and HPS2
for the reflections from CeC>2, are shown in Fig. 1.
The FWHM for (200) reflection at 28 of 32.810(1)°
gave the minimum of 0.030(1)° for HPS 1, achieving
a primary purpose of the present study.
FWHM(°)
0.20

0.15 -

0.10 -

Results and Discussion
Intensity) Table 1 gives a comparison of the peak
maximum intensity (counts/sec) and the FWHM (°)
of the (111) reflection from CeO2, observed in
various slit settings. These intensities were corrected
for the decay of incident beam, background, and the
absorption by the air. The peak maximum intensity
obtained by using HPS1 is 8.6 times higher than that
obtained by 0.1 mm receiving slit (RS). The
intensity will become strong more than one order in
magnitude if intensities by HPS1 and RS are
compared at the same resolution of 0.032°. The
intensity is decreased to 59% by replacing the HPS2

0.05 -

Fig. 1. Variations of FWHM with 29.
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exclusively substituted by Si 4 + . Accordingly
we proposed a following structural formula in
order to determine the cation distribution;
{Si4+ x ( i. y )Fe3+i. x + x y }[Fe2+i + x Fe3+i_ x .
xySi 4+ xy]O4
where y is (Si 4 + in octahedral site) / (total
Si 4 + ). Powder diffraction patterns for various
y were simulated with the RIETAN program^)
and compared with those observed. Simulated
diffraction intensity ratios of 111/220, 330/220
and 400/220 are plotted against y and by using
thus obtained calibration curves, we determined
y of each sample.
Obtained y and structural formulas for three
samples are shown below. This result strongly
indicates that Si^+ is substituted in octahedral
site of y-Fe2SiO4-Fe3O4 solid solution.
Because of rather large experimental errors,
however, the relation between y and x has not
been determined. Further investigation by
Rietvelt method as well as Mossbauer method
which can analyze distribution of Fe 2 + and
Fe^+ ions are now in progress.

Introduction
Through the electron density analysis on yFe2SiO4, Marumo et al. (1) suggested the
possibility that small amount of Fe 2 + ion in
octahedral site is substituted by Si 4 + ion. In the
system y-Fe2SiO4-Fe3O4 which has also
spinel structure, it is interesting to investigate
such disorder state because three ion species of
Fe 2 + , Fe3+ and Si 4 + are to be considered for
the cation distribution to tetrahedral and
octahedral sites. We performed powder
diffraction intensity measurements of yFe2SiO4-Fe3O4 solid solution synthesized
under high pressure in order to determine the
cation distribution in this system.
Experimental
The mixture of cc-Fe2SiO4 and Fe3O4
powders was charged in a gold capsule and
treated at lOGPa and 1200°C for 5 h. with a 68 split sphere type high pressure device. Three
kinds of Fe3-xSixO4 solid solution (x=0.28,
0.49 and 0.70) with spinel structure were
prepared. A powder diffractometer PFPD
designed for high angular resolution study was
used for the data collection. Using a monolithic
Si (111) monochromator with fixed beam
position, the incident X-ray source with the
precise wave length of 1.790 A, which is
similar to the characteristic X-ray of CoKa,
was adopted. All optical paths including the
sample chamber were evacuated in order to
reduce background noise. Sample spinner with
3 rpm was employed for the randomization of
sample orientation. The step counting technique
of 0.02°/10 sec was applied. Integrated
intensities of 111, 330, 400 and 220 diffraction
were obtained.

x=0.28 y=0.30±0.1
{Si 4+ O.23Fe3+o. 77 } [Fe 2 +
0.101O4

x=0.49y=0.07 + 0.05
{Si 4+ O.47Fe3+o.54}[Fe 2+ i.49Fe3+o.47Si 4+
0.041O4

x=0.70 y=0.18±0.1
{Si4+().57Fe3+0.43} [Fe 2+ 1

.1 7 Si 4 +

0.131O4
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Data analysis and result
Because Si^+ often has octahedral
coordination under high pressure as in
Stishovite(2) and that Fe2+ prefers octahedral
site to tatrahedral one when crystal field
stabilization energy is considered^), we
assumed that Fe^4" in octahedral site is
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Introduction
Photosynthetic water oxidation is catalyzed by the
tetranuclearMn-cluster located in the photosystem II (PSII)
core complex, and proceeds through four stable intermediate
reaction states, denoted as Si (i = 0 to 3), by use of the
energy of four photons (1). Cl" is an indispensable
inorganic cofactor for the normal cycling of the S-state
mechanism and structural stabilization of the cluster (2). In
the absence of Cl', the capability of photosynthetic O2
evolution is lost and a limited number of oxidizing
equivalents for water oxidation could be accumulated on the
donor side of PS II (3), but the chemical identity
responsible for the charge accumulation is still matter of
debate. In this report, we probe the electronic state of the
cr-depletedMn-cluster by measuring Mn K-edge XANES
spectra.
Experimental
PSII membranes with 600-800 (xmoels 02/mg Chl/h were
isolated from spinach, and prepared for XANES as described
(4,5). For Cl'-depletion, the membranes were washed with
2 M NaCl for removal of the 16 and 24 kDa extrinsic
proteins, in which Cl" release is facilitated. After three
washes with a Cl'-free buffer containing 400 mM sucrose,
20 mM MES-NaOH (pH 6.5), the resultant Cl'-depleted
membranes were suspended in the same Cl'-free medium
supplemented with 20 mM Mes-Ca(OH), (pH 6.5) at 5 mg
Chl/ml. An 18 pi aliquot of sample applied on a membrane
filter was illuminated with a saturating Nd-YAG laser flash
at 10°C, and then immediately cooled to 77 K in liquid N 2
(4). XANES spectra were measured at the Photon Factory
of the National Laboratory for High Energy Physics beamline 4B using Si (111) monochrometor. Fluorescence Xray was detected with a modified silicon (lithium) solid-state
detector placed 10 mm away from the sample which was
kept in darkness at 30 K during data collection (5). Energy
calibration was performed using the pre-edgepeak at 6543.3
eV of the KMnO4 spectrum simultaneously measured with
an absorption mode. For each spectra, seven to ten scans
were averaged. Processing of the data was carried out with
IGOR software (LakeOswego, Oregon,U.S.A.).

cluster by Cl'-depletioa A flash illumination, however,
induced a quite similar changes in the spectra both in the
control and in the Cl'-depleted membranes. In the control
membranes, it has been indicated that the changes in the
oxidation state of the Mn atom from Mn (IE) to Mn (IV) is
responsible for the changes in the features of the second
derivatives of the spectra upon S j - t o ^ transition (6). The
present results, therefore, implied that the Mn-cluster is
oxidized from Mn (III) to Mn (IV) after 1 flash in the
absence of Cl" as the normal S !-to-S2 transition.
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Results and Discussion
The second derivatives of the Mn K-edge region in the
control and the Cl~-depletedmembranes were shown in Fig.
1 in order to emphasize the effects of Cl'-depletion and flash
illumination on the edge features. The overall features of
the second derivatives of the spectra in the control
membranes were in good agreement with those previously
reported (6) although the sample concentrations used in the
present study were much lower than those reported. The
characteristic features found in the control spectra (a) were
also seen in the Cl'-depleted spectra (b), but Cl'-depletion
resulted in some changes in the spectra, indicating that
subtle conformational changes were induced in the Mn-
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Fig. 1. The second derivatives of the Mn K-edge
spectra, (a) and (b)are control PS II membranes after 0
and 1 flashes, (c) and (d) are Cl"-depleted membranes after 0
and 1 flashes.
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The X-ray diffuse scattering
intensity from disordered Cu-Pt
alloys whose compositions were
7.0, 10.0, 15.0, 24.5, 32.0 and
75.0 at.% Pt has already been
measured at room
temperature
(1).
Twofold
and
fourfold
splittings of diffuse scattering
due to short-range order were
observed at 100, 110 and their
equivalent positions (X points),
respectively, for Cu-16.0, 24.5
and 32.0 at.% Pt alloys, where
the separation of split diffuse
maxima increases monotonically
with increasing Pt content. On
the other hand, no splitting of
diffuse scattering was observed
at Cu-<16.0 at.% alloys. Extra
diffuse maxima were observed at
1/2 1/2 1/2 and its equivalent
positions (R points) for all
samples, the intensity
being
related to the concentration.
The
SRO
parameters
were
determined from all six alloys.
The sign and magniitude of 200parameter strongly depend on the
ratio of R- to X-point diffuse
intensities. Synthesized
data
indicated that the first few SRO
parameters dominate the R-point
maxima, though the sign
and
magnitude
of
higher-order
parameters play an
important
role in causing the appearance
of split diffuse maxima. We have
proposed that there are
two
types of correlation in
the
disordered sate of Cu-Pt alloy
system,
i.e.
between
the
consecutive (111) atomic layers
and
due
to
Fermi
surface
imaging.

fine structure (DAFS),
which
combines the long-range order
sentivity
of
diffraction
techniques with the short-range
order sensitivity of absorption
techniques. In fact, they have
demonstrated
that
the
synchrotron DAFS
measurements
for the Cu(lll) and
Cu(222)
Bragg reflections provide the
same
local
structural
information as X-ray absorption
fine structure and described how
DAFS can be used to provide
enhanced
site
and
spatial
sensitivities
for
polyatomic
and/or
spatially
modulated
structures.
We, have, therefore, planned to
observe the DAFS spectra at the
X and R points in the reciprocal
space,
mentioned above,
for
single crystals of Cu-Pt alloys.
We will understand whether the
two types of correlations exists
in the disordered state or not,
after analyzing the experimental
results.
It
is
now
in
preparation.
References
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Recently, Stragier et al. (2)
have
developed a new
X-ray
technique, diffraction anomalous
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Introduction
It is known that fcc-Fe in epitaxially grown
thin films on Cu single crystal substrates by
MBE(molecular bean epitaxy) is ferromagnetic,
whereas the fcc-Fe precipitated in a supersaturated solid solution of Cu(Fe) alloy shows
antiferromagnetism[l, 2]. A model for fcc-Fe which
was first suggested by R.J. Weiss and theoretically
calculated by Moruzzi et al. explained the ferromagnetism and non-ferromagnetism of fcc-Fe[3, 4].
Moruzzi et al. reported that the magnetic moment of
Fe atom in fcc-Fe depends on interatomic distance of
Fe atoms and there are two magnetic (high and low
spin) states and one non-magnetic (low spin) state.
Since these magnetic states are thermodynamically
at nonequilibrium, their precise magnetic properties
and the threshold interatomic distance of the transition were not explained. In this work we investigate
the MBE grown fcc-Fe samples by fluorescence EXAFS. Since the EXAFS measurement can reveal the
interatomic distances in samples, it was expected that
the relationship between the interatomic distance of
Fe atoms in fcc-Fe and their magnetic property can
be discussed from the results.

Fe atoms in fcc-Fe layer. Back scattering amplitude and phase factor calculated theoretically by A.G.
McKale et al. were used to analyze the measured EXAFS data[5]. Two shell model was assumed, in other
words, it assumed that two Fe-Fe distances exist in
the fcc-Fe layer.
Fig. 1 shows the calculation results of Moruzzi et
al., and experimentally determined Fe-Fe distances
by the present EXAFS measurement were plotted in
the figure. As shown in this figure, there always two
phases of fcc-Fe with long and short Fe-Fe distances.
The Fe atoms with long Fe-Fe distance take high magnetic moment (~ 2.4/iB). The Fe atoms with short
Fe-Fe distance take almost 0 magnetic moment. The
ratio of these two phases was almost equal. Thus the
mean magnetic moment of all samples were nearly
equal to 1.0. This value agree with the measured
magnetic moment.
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Preparation of Samples
Three fcc-Fe samples were prepared by MBE. First
of all, on Cu (100) substrates, Ni-doped Cu buffer
layer, Au-doped Cu buffer layer, and non-doped Cu
buffer layer, were grown for each samples, respectively, to control the distance of Fe atoms in the
following layers. On the buffer layer, 7ML thick
Fe layer was grown, and then capped by 14ML
thick doped or non-doped Cu layer, respectively.
The Fe(7ML)/Cu(14ML) structures were repeated 10
times. Finally, 400A doped or non-doped Cu cap layers were grown. The growth rate and substrate temperature were about 1.2 ~ 2.2A/min and 60 ~ 90°C,
respectively.
Experiments and Discussions
Magnetization was measured by VMS and SQUID.
All samples show ferromagnetism. In spite of our expectation that the magnetic moment should be controlled by the lattice constants of the buffer layers,
the magnetic moment per Fe atom in fee structure
was estimated about 1.0/xB for all the samples.
EXAFS measurement was conducted at BL4C in
Photon Factory, and analyzed the distance between

Figure 1: The results of calculation and experiment
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Introduction
Heteroepitaxially grown semiconductor layers are
used as a base of various functional electrical and
optical devices. For example, semiconductor laser
diodes consist of double heterostructure, and HEMTs
(high electron mobility transistors) also make use of
the heteroepitaxial structure.[1, 2]
In order to obtain device quality heteroepitaxial
layers, combinations of lattice-matched materials are
usually selected. When we combine two or more materials in a continuous heteroepitaxial layer, the condition of lattice matching among these materials is a
more important factor than other characteristics of
the materials. In a lattice-mismatched heterostructure, the crystalline quality of the layer thicker than
a critical thickness is degraded by the generation of
misfit dislocations.[4]
Thus, it is important to investigate the crystalline
quality of the layer around the critical thickness in detail to realize the lattice-mismatched heteroepitaxia1
layer of device quality.
In this work, heteroepitaxial InPAs layers grown
on InP substrates are investigated by EXAFS (extended X-ray absorption fine structure) measurement. InPAs/InP system is one of the latticemismatched systems. InPi.^As^ contains at most
3.2% of lattice mismatching to InP at As composition x = l , i.e., InAs.
Preparation of Samples
InPAs and InAs layers were grown on InP substrates with lOOOA-thick InP buffer layers. InPAs
and InAs layers were covered with 20A InP cap layers to protect the surface of InPAs and InAs layers
and to assure the thicknesses of them. All InPAs and
InAs layers were grown on (lOO)-oriented InP wafers
by OMVPE (organometallic vapor phase epitaxy) at
620°C. Trimethylindium(TMIn), arsine(AsH3), and
phosphine(PHs) were used as source gases. [3]
The As composition of prepared InPi_ x Asj: layers
were x = 0.6 and x = 1.0. The lattice mismatch
between InP substrate and InPo.4Aso.6 is 1.9%, and
that between InP substrate and InAs is 3.2%. The
critical thicknesses of these systems are. calculated to
be about 85A and 40A, respectively.[4]
Experiments and Discussions
These samples were measured by EXAFS at the
As K-absorption edge. EXAFS can reveal the bond
length between As atom and its nearest neighbor In

atom.[5] Fig. 1 shows As-In bond lengths measured
by EXAFS as a function of layer thickness. Dashdotted-line in the figure indicates the As-In bond
length in a free standing InPo.4Aso.6 alloy. 2.60A
in the thinnest samples is nearly equal to the As-In
bond length of the dilute As in InP matrix. [5] Beyond
the critical thicknesses, InPAs and InAs show gradual
bond accommodation in the crystals. The mechanism
of the gradual bond accommodation is discussed in
[6].
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Figure 1: Bond lengths of As-In in InPo.4As0.6 layers
grown on InP substrates measured by EXAFS. Dashdotted-line at 2.614A in the figure indicates the As-In
bond length in a free standing InPo.4Aso.6 alloy.
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Introduction
CuInSe2(CIS) has been considered to be a
promising material for the solar cells with high
conversion efficiency, although the structure of
this material has not been established. The
improvement of the efficiency can be realized if
the microscopic structure is clarified as a function
of composition. In this study the structures of
CIS grown by molecular beam epitaxy (MBE)
were characterized by EXAFS for the local
structure, changing the Cu/In ratio
systematically.

Discussion
The results revealed the local structure of
chalcopyrite CIS epitaxial layer, such as bond
lengths ( Rln-Se> RCu-Se) and mean square
relative displacement ( ain-Se> <?Cu-Se)- From
GCu-Se values the structural disorder is
minimized around the stoichiometry (Fig. 1).
The result agrees with that of X-ray diffraction;
the narrow region of the chalcopyrite phase
around the stoichiometry. The anion
displacement, u-values was obtained
experimentally according to the following
equation where lattice parameter (a) obtained by
X-ray diffraction is used,
u=l/4-(R2In_Se-R2Cu-Se)/a2
Figure 2 indicates that the deviation of the Se
position from the ideal zinc-blend structure takes
the maximum value around the stoichiometry
which is closest to the value of the ideal zincblend structure; 1/4. It shows that the deviation
from the stoichiometry increases the distortion in
the chalcopyrite unit cell.

Experimental
CIS epitaxial layers grown on GaAs(OOl) with
Cu/In ratios (g) ranging widely from g =0.81 to
1.53 were measured. From the X-ray diffraction
study these epitaxial layers are highly oriented
single crystal. In spite of a lattice mismatch in adirection, 2.3% between CIS layer and GaAs
substrate, the a-spacing of CIS nearly agreed
with the values in bulk CIS data, which suggests
that these epitaxial layers are almost relaxed. The
EXAFS measurements1) were performed at the
beamline BL4C and BL13B1 of the Photon
Factory, National Laboratory for High Energy
Physics using synchrotron radiation.
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These structure parameters reveal that the
chalcopyrite phase is found in a narrow region
around the stoichiometry in agreement with the
results of the photoluminescence (PL)
measurement2).
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Introduction
It is well known that highly ordered thin
films of pentacene (PEN) having quasi-two dimensional shape, are fabricated by a sublimation
method ". The author found that the intercalated
structure was formed and the film was transformed into two-dimensional conductor due to doping
with iodine 2)~s).
However, the information
concerning molecular orientation of iodine in the
intercalated structure has hardly been obtained
so far. The author reported that molecular
orientation of polyiodides in a conducting LB
film based on TTF derivatives has been determined
by XANES spectra using polarized SOR beam •>•'>.
In this study, molecular orientation of iodine
was surveyed from the analysis of angular dependence of I-Ll XANES spectrum using polarized SOR
beam.
Results and discussion
Measurements are performed with the alignments of the systei as shown in Figure 1. where B
is the incident beam, M indicates the molecular
axis of iodine. I —L1 edge spactra were measured
by changing the electric field vector of incident
beam angle 0 . The measurements were carried out
at room temperature in air and the measured
sample was covered with polyester thin film
with the thickness of 10 # m in order to avoid
the elimination of iodine.

2>

. ETL

8>

XANES spectra of the iodine doped film with
the incident beam angle of 10, 55, 80 degrees,
are shown in Figure 2. The intensity of half filled 5p(cr .*) peak at 5.183 keV decreased with
increasing the angle 6, which indicated that the
long axis of iodine molecule was parallel to the
substrate plane. The normalized intensities of
the peak to the intensity of edge jump at 5.2 keV
corresponding to the molecular density of iodine
in the film, are plotted to the angle of incident
beam; 9 (Figure 3). The plots are in good agreement with the calculated values of both parallel
orientation to the plane and randomly oriented in
the plane. These results are consistent with the
previous results from X-ray diffraction pattern
where the change in the spacing along the c-axis;
4A, corresponded to the ionic diameter of iodine,
and from electron diffraction where the nolecular
orientation of iodine did not affected to the
diffraction pattern, it concludes that iodine
molecules are oriented with the long molecular
axes parallel to the plane in the intercalated
PEN film.
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Introduction
There has been much interested in elastic features in multilayer materials. In 1983, Tsakalakos et a/.') reported the
elastic anomaly of the system with the modulation
wavelength in the vicinity of 17A. We have to stress that
their samples were textured ones. On the other hand, Davis
et al. and Kumar et at. reported no elastic anomalies were
seen by various methods in 1991.23) We have synthesized
single crystal Cu/Ni superlattices. Origin of the elastic
anomaly is still unknown. One of the candidate is coherency
strain of each layer. It is difficult, however, to obtain the
information of the lattice spacing along the growth direction
in diffraction method. Only we- can do is to fit the measured
intensity profile of superlattice and to extract the various
parameters.
A small angle reflection provides the
information without the lattice deformation.
It is, however, difficult to detect the small angle scattering
because of small contrast between two constituents.
Reflection at the interface is related to the Fresnel
reflectivity,
n

fluctuation in the superlattice from the profile of the largeangle diffraction in the laboratory. The thickness of the
distinct layer is two or three layers (4 to 6 A) and the
fluctuation of the period was only 1 layer. However, there is
some uncertainty in the fitting of so-called step model
calculation because of lattice strain. From the measurement,
we can obtain the detailed information of the fluctuation of
the superlattice. We are planning to extract the structural
parameters consistently with the large angle diffraction.
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(1)

where N is the complex reflectivity of the interface and nv
is the complex optical constant of ihe v laycr(v =A or B). '
Calculation of the reflectivity is performed as such the sum
of the reflectivity times the phase factor. The summention is
taken over the whole layer. The diffraction data are
compared with the result of the dynamical theory
considering absorption.
Experimental
Samples were prepared on a GaAs substrate for (001)-Cu;Ni
superlaltice and on a YSZ substrate for (lll)-Cu'Ni by
MBE method-^ with the modulation wavelength (A) ranging
from 8 A to 80 A. Wavelength of the used radiation was
determined so that the contrast between two layers became
high, that was between 1.30 A to 1.54 A. These parameters
were determined by the anomalous scattering factors by the
literature.^ Measurements were performed in the BT.-4C.
Results and Discussion
Figure 1 shows the profile of small angle diffraction from
[Cu/Ni] superlattice with A - 36 A. Many satellite peaks are
observed between >. = 1.38A to 1.50A, which are
correspondent to the region of high contrast between two
constituents. The even order reflection is seem to be slightly
weak compared with the odd one. This is acceptable
because of almost equi- thickness superlattice structure.

(001)-[Cu 10 /Ni 10 1 112

1 2

3

4

5
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INTRODUCTION
Heterostructure of CaF,/Si(lll) has been providing us
interesting subjects on epitaxial growth of insulator on
semiconductor surfaces. Especially interlace of this system
shows a complex structure which depends on the details of
growth condition. For example, two kinds of interface
structures, type-A and type-B are known to exist [1]; type-B
interface is obtained at high growth temperature above 700
°C, where the CaF 2 (Ill) layer is rotated 180° with respect
to the Si(l 11) substrate [21. We studied the structure of type-A
interface by X-ray crystal truncation rod (CTR) scattering
technique [3,4]. In the present study, type-B interface with
long interface spacing has been investigated.
EXPERIMENTAL
Epitaxial layers of Cap'-, on Si(lll) were grown in an
molecular beam epitaxy (MBE) system of A.F.loffe PhysicoTechnical Institute.
X-ray measurements were carried out by using the
Weissenberg camera at BL-6A2 so as to obtain the whole
pattern of X-ray diffraction in reciprocal space and intensity
of 00/ specular CTR scattering. Type-B interface with long
interface spacing (= distance between the middle of the top Si
layer and the first Ca layer = 4.60 A) of the sample was
confirmed.
A vertical type of four-circle diffractometer with a Si( 111)
crystal analyzer at BL-4O was also used for observing the
non-specular CTR scattering which is necessary to determine
the lateral structure of CaF2 layers. Consequently we
collected the integrated intensity of the CTR scattering
around 003, 015, 014, 0-15, and 0-14 Bragg points indexed
in hexagonal lattice unit.
RES! Jl TS ANDDISCUSSION
lb analyze the CTR intensity we adopted the formula based
on the kinematical scattering theory. Figure 1 and 2 show the
observed and calculated intensity. The latter is obtained by
parameters refined by least squares fitting routine. The best
fitted model is the interface structure in which the Ca atom
occupies on the T-site (top Si atoms in the first Si layer [2]).
For other sites, T4 and H3 sites proposed so far [2], we could
exclude them because of ill agreements between observation
and calculation in these models. This result is in accordance
with our study on the type-A interface |4], but shows a sharp
contrast to the structure of the typc-B with short interface
spacing [2,5,6]. In [2,5,6] the Ca occupies on the T4site for
type-B with short interface spacing.
Physical meaning of the refined parameters describing the

structure of thin film, morphology of the interface and the
surface will be discussed thoroughly in near future. Further
observation is necessary to reveal the relation of the
interface structure and growth condition.
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Figure 1 Observed and Calculated (01/) CTR scattering.
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Figure 2 Observed and calculated (0-1 0 CI'R scattering.
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There is l i t t l e direct information
about the atomic structure around a
vacancy or vacancy clusters in quenched
fee metals, because experimental investigations have proved to be difficult
as a r e s u l t of the small s i z e s of
vacancy clusters.
X-ray diffuse scattering methods
are capable of providing d e t a i l e d
information on small clustered defects
when scattering models are available.
We have observed
small vacancy type
dislocation loops in quenched copper by
X-ray diffuse scattering .
in gold,
well investigated by electron microscopy, the formation of vacancy clusters
can be followed from the very beginning
up t o the f i n a l form of the large
stacking fault tetrahedra.
In t h i s study, we have t r i e d to
make diffuse scattering measurements
for the
detection of small vacancy
clusters and stacking-fault tetrahedra
in quenched pure gold crystals.
The specimens of single c r y s t a l
plates of 5 x 7 x 0.4 mm in size with
t h e i r surfaces parallel to the (111)
crystallographic plane were spark-cut
out of single c r y s t a l rods (nominal
p u r i t y 99.99 % ) .
Specimens were
quenched from 940 C into 4 C water in
atmosphere of argon + 10% hydrogen
gases.
X-ray diffuse s c a t t e r i n g experiments were performed on a Huber
5020.4 four c i r c l e diffractometer at
room temperature installed at BL-4C. A
wavelength of 0.15405 nm ( corresponding to CuKc^ ) was selected by the
double c r y s t a l Si 111 monochrometer
with sagittal focusing.

The quenched specimens were kept at
room temperature . Diffuse scattering
measurements near the (111) reflection
in [111] d i r e c t i o n
(6-28 scan) was
carried out at room temperature for the
quenched and annealed specimens. Fig
1 shows the Huang diffuse scattering
i n t e n s i t i e s as a function of q in a
double logarithmic s c a l e . The q" 2
dependence line i s also shown in the
figure, which means the characteristic
features of s c a t t e r i n g from single
point defects or small clusters. The
r e s u l t s of the i n t e n s i t i e s
would
rather indicate near q~^ dependence.
This may be associated with small
dislocation loops [1].
Detailed analysis is in progress.
[1] : P. Ehrhart, H. Trinkaus and B.C.
Larson : Phys. Rev. B25 (1982)834.

Fig. 1.
Huang diffuse s c a t t e r i n g
intensity measured at (111) reflection
in the [111] direction ( 6 - 2 0 scan)
for quenched gold.
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B-galactosidase from E. coli is a classic enzyme in
molecular biology. There is a large amount of
biochemical and genetic data available, but, until
recently nothing was known of the structure of the
enzyme.

different protein contacts with 3 of the 5 hydroxyls of
the galactosyl ring
The "single ring" modes also show a that a loop of
about 10 amino acids swings about 9 A. toward the
active site. The effect of this shift is to occlude part
of the substrate binding site.

The structure of the native enzyme was determined
by Jacobson et a l 1 in 1994. It is homotetramer of
460,000 daltons. Each subunit is 1023 residues long
and folds into 5 different domains. Tetramerization is
required for activity because each of the four active
sites is completed by a loop that reaches across
from a neighboring subunit.

The implications for catalysis are, at present,
uncertain. Glutamate 537 has been identified
biochemically as the catalytic nucleophile. 6 The
substrate analog complexes, however show that this
residue is 6 A from the C1 carbon and it is not
immediately obvious how nucleophilic attack by Glu
537 on this carbon could occur.

Recently we have analyzed the binding modes of
four inhibitors in order to establish a structural basis
for catalytic activity of the enzyme.

Another mechanism discussed in the literature is an
electrophilic attack on the glycosidic oxygen by the
active site magnesium.7 However, the magnesium is
8 angstroms from the glycosidic oxygen.

The natural substrate for B-galactosidase is lactose
with hydrolysis leading to two possible outcomes.
In one outcome glucose and galactose are
produced. In the other outcome or the glucose is
reattached to the galactose to form allolactose.
Allolactose enhances B-galactosidase expression.
In this way a cell that has only lactose as a food
source can both digest lactose and produce more Bgalactosidase.

There is, of course, the possibility that the binding
seen in the crystals may not represent productive
binding. On the other hand, both substrate analogs
bjnd the same way even thought they are quite
different in nature. This conformation is also
consistent with the stereochemistry of the reaction
by leaving the B side of C-1 open for water to
attack.
Furthermore, binding seems to be
determined by the same sort of interactions that
would be expected for a protein substrate
complex. Thus it seems reasonable to suppose
that the observed mode of binding for the substrate
analogs resembles the Michaelis complex.

Kinetic experiments have shown that the catalytic
mechanism is a two step reaction with a possible
covalent intermediate.2.3 The inhibitors we studied
are two substrate analogs (phenyl-thio-B-Dgalactoside and 2-F-lactose) a covalently bound
'intermediate analog' (2-F-galactosyl-enzyme) and an
inhibitor thought to be a transition state analog
(galactonolactone) .4.5

Resolution of these questions must await
completion of the crystallographic refinement of
these complexes.

The space group of the crystals is P21 with cell
dimensions 107.5 A, 207.9 A, 509.9 A, 90.0°, 94.7°,
90.0°. There are four tetramers per asymmetric unit.1
The large unit cell and large cell edge required data
collection at the Photon Factory. 1 Data were
collected and processed on the four inhibitors to 2.6,
2.6, 2.6, and 3.0 A resolution. R-merges were 0.08,
0.09, 0.09, and 0.09.

This work was supported in part by NIH grant
GM20066 to B.W.M.
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The electron density maps clearly show that the two
substrate analogs bind in nearly identical positions in
the active site. The binding interactions include
hydrophobic stacking with a tryptophan and some
hydrogen bonds between protein side chains and
hydroxyls on the galactosyl part of the inhibitor.
The covalently bound inhibitor binds in the same
orientation as the 'transition state' analog. Thus there
appears to be two binding modes - the substrate,
(disaccharide) mode and the intermediate (single
ring) mode. In both modes the 6' oxygens point in
the same general direction and make similar contacts
with the protein. However the single ring ligands
are rotated 90° about the 6' hydroxyl to a position
deeper in the active site. The single rings also make
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Introduction
Some of the authors had already reported the crystal
structure of Streptomyces erythraeus trypsin (abbreviated
as SET) at 2.7A resolution(l). The structure analysis of
SET suggested that the quality of the X-ray data for the
native crystal was poor beyond 2.85A resolution.
Therefore it was hardly difficult to make a comparison of
the structure between SET and other trypsins in detail.
Re-collection of the X-ray data of SET and the crystal
structure analysis were carried out, in order to determine
the precise spatial arrangement of the active sites at pH 7
and to compare the tertiary structure with the other crystal
structures of trypsin.
Experimental
A new data set to 1.8A resolution was recollected on
the station BL6A2 at the Photon Factory synchrotron
radiation facility using a screenless Weissenberg camera
(2) cooled to 283K. The X-ray wavelength was 1.04A.
The radius of a film cassette of 287mm and the collimator
size of 0.2mm were used. The oscillation range of 6°
with an overlap of 1 ° and the Wfeissenberg coupling
constant of 3° /mm were adopted. One crystal was used
to collected 17 packs of Fuji imaging plates. A total of
46,035 reflections between 25 and 1.8A resolution were
obtained, of which 17,947 reflections were independent.
An ^jngj-ge was 0.117. The completeness of the data set

least-squares refinement were performed, using the
program PROLSQ . The final model contains 1,619
protein atoms and 92 water molecules. No Ca ion
was assigned in the crystal structure. The final R factor
is 0.203 forl2,860 reflections with a 3 a(F) cut-off
between 7 and 1.9A resolution.
Results and discussion
The disposition of the catalytic triad is compared with
those of bovine trypsin(BT) and SGT in Fig. 1. The sidechains of the catalytic triad are mutually of similar
conformation among these three proteases. The x \
torsion angles of His42(57), Asp88(102) and Serl79(195)
distribute within ± 5 ' from each meaa value. The good
coincidence for the positions of both the His and Asp
residues is observed between SET and BT, though the
positions of these residues in SGT shift by more than
0.5A from those of SET or BT (Fig. 1). A rather small
positional difference of 0.38A occurs on Serl79O^
between BT and SGT. On the other hand, the position of
Serl79O^ in SET differs from that of BT by 0.82A or
from that of SGT by 0.84A. In spite of these structural
differences among SET, BT and SGT, the hydrogen bond
distances concerned with the side-chains in the catalytic
triad coincide fairly well. Only the Asp88O °

atom is

hydrogen bonded to the His42N ° * atom, which is also

between 7 and 1.9A resolution is 69.2%.
Rotation parameters were determined with the fastrotation function. The search model adopted was the
structure of Streptomyces griseus trypsin(SGT) from the
Protein Data Bank (entry number 1SGT). The SGT
model is refined to an R value of 0.230 at 1.7A
resolution. The optimum result was obtained using data
between 7 and 3.5A resolution with an outer radius of
Patterson integration of 20.4A and a
5' step in all three spherical polar angles ((p, <j>, x )•
Unambiguous and symmetry related peaks were obtained.
Translation parameters for the correctly oriented model
were determined with the X-PLOR program system.

hydrogen bonded to the Ser 194(214)0 y atom in the three
proteases.

IER179

,WAT 3(^3.09

The SET model excluding three C-terminal residues
(Gly225 to Val227) was built from a 2FQ-FC or omit

JWAT 307 ,'l J 7

Fig. 1. The disposition of the catalytic triad. SET(Thick
lines), BT(medium lines) and SGT(thin lines).

maps. In the last step of the X-PLOR refinement the
model consisted of the 224 amino acid residues and 99
water molecules gave an R factor of 0.193. In order to
optimize the structural geometry, 25 cycles of restrained
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pairs from two b chains: ValNAl (D,HisNa2
( 2 ) , LysEF6(82), HisH17 (139), ArgH21
(143) and HisHC3(146) involve in IPP binding.

We have determined X — ray crystallographic
structure of bar—headed goose oxyHb to a resolution of 2. OA. The R value of the model is 19.
88%. The overall structure is similar to those of
mammal R state Hbs. The r. m. s. differences
of the main chain coordinates between the tetramers of bar—headed gooes oxy Hb and human oxy—, co —, horse met Hb are 1. 099A,
1. 016A and 0. 949A respectively.

The penultimate tyrosine residues of both the a
and b chains (140a, 145b) stay in the pocket
formed by the F and H helices as in human Hbs.
However, in the a chain, TyrHC2(140) contact
closely with both the haem proximal F helix and
the alb2 interface FG corner. In the b chain
TyrHC2(145) locates at the Hb IPP binding site
and its phenolic oxygen atom from strong hydrogen bond with the alb2 interface ValFG5(98) b
carbonyl oxygen atom. These two penultimate
residues TyrHC2(140)a and TyrHC2(145)b
seem to play a more important role in propagating structural changes between different part of
the molecule, such as the molecular surface,
alb 2 interface and the haem proximal side in bar
—headed goose Hb.

The "switch region" of the alb2 interface has a
wider gap than those of human R state Hbs, due
to the residue Gin replaces Thr at the position
38a in goose Hb. This amino acid substitution
also cause slightly quaternary structure change.
Compared to human oxyHb, the stereo chemistry of the haem group region of both the a and
b chains show some difference. Particularly in
the b subunit, the rotation of the distal HisE7
(63)imidazole ring about the Ca—Cb bond and
its large distance from the heam plane make a
gydrogen bond possible between E7 Ne and the
terminal binding oxygen atom, while in human
oxyHb this hydrogen bond either does not exist
or is only very weak.
The B chain N and C termini are well —localized, and tohether with the other neighbouring
basic groups, they form a strong positively
charged pocket at the entrance to the central
cavity around the molecular dyad. The w e l l ordered comformation and the three — dimensional positive charge distribution confirm that
this area is the bird IPP binding site. Residue
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From the model, the substitution of Pro(119a)
to Ala in bar—headed goose Hb albl interface,
which is unique among bird and mammal Hbs
and thought to be critical for the enhanced oxygen affinity in bar—headed goose Hb, cause no
significant change in protein structure. The Ala
(119)a adopts an proline—like main chain conformation in Ramachandran plot, which suggests the structure of this area is very conserved. The Pro(119)a to Ala substitution may
impose its effect on the interchain contact in the
T state Hb.
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for native crystals
with 25611 independet
reflections, 5.95% R-merge and 88.7% complete
to 2.2A was obtained. The data collection
statistics are shown by Table 1.
The multiple isomorphous replacement (MIR)
method was applied using PROTEIN
program
package. After refinemet of metal parameters for
CH3CO2HgC6H4NH2, K2PtCU and Sm(OAc)3
derivative crystals, the overall figure of merit
was 0.65 by PROTEIN to 3.5A resolution . Heavy
atom parameters are shown by Table 2.
The phase obtained
was improved by solvent
flattening method using the program DM. The
last figure of merit was 0.72 to 3.5A. The
electron density map calculated from this phase
gave obvious molecular boundary against solvent
region.

Introduction
Aminoacyl-tRNA synthetases (aaRS) are a class
of enzymes that catalyze the first step in protein
biosynthesis. In this reaction, each amino acid
is attached to the 3' end of its cognate tRNA
chain. An ester linkage is formed between the
amino acid and a hydroxyl group of the 3'terminal adenosine of tRNA.
The energy
required for formation of the ester bond is
supplied by the hydrolysis of ATP according to
the reaction
aa + ATP + tRNA aa-tRNA + AMP + PPi
where aa denotes amino acid. Mg2+ ion is also
required in this reaction.
We propose a new reaction mechanism as
follows.
At first, Mg 2+ ion is coodinated
tetrahedrally with two water molecules and
residues of aaRS. Then P(3=O and Py=O in ATP
approches Mg2+ ion and two water molecules are
displaced.
Methionyl-tRNA
synthetase (MetRS) was
reported to recognize strictly anticodon of tRNA.
When the CAU anticodon of tRNAMet have been
transformed to the UAC anticodn of tRNAVal and
the CAT anticodon of tRNAIle, MetRS catalyzes
methionylation of those
tRNA mutants
sufficiently. Therefore, MetRS could be a good
example to know the mechanism of the anticodon
recognition.
In order to know the reaction mechanism of
aminoacylation and molecular recognition,
dimerization-domain-truncated
MetRS
from
Thermus thermophilus HB8 of molecular weight
58,000 have been analyzed
by X-ray
crystallography.

Table 1. Data collection statistics
Reso Rmerge Observed Independ.
Crystal
(A)
{%) reflections reflections
Native
2.2
6.0 127870
25611
2.8
7.1
56497
12837
Hgl
Hg2
2.5
6.2
21444
70928
Ptl
3.0
7.2
10002
58367
Pt2
2.8
37742
12326
6.1
2.5
17236
Sm
6.9
76236
Table2. MIR heavy atom phasing statistics
Derivative
Hgl Hg2 Ptl Pt2 Sm
Phasing power
Cullis R factor

Experimental and Results
Crystals were obtained in a PEG6.000 solution at
pH7.5, 20°C by the hanging drop vapor diffusion
method. The crystal is space group P2i2i2i, and
unit cell dimensions a=83.1, £=117.4, c=56.7 A.
The measured density Dc=1.22 g/cm g» ves a
calculated solvent content of 48.1 % and V m
2.3 7 A 3 /Dalton. Isomorphous heavy atom
derivatives were prepared by a soaking method.
Intensity data for native and derivative crystals
were collected using Weissenberg camera at
wavelength of l.OOA by synchrotron radiation
source at Photon Factory in Tsukuba. A data set

1.24 1.12 1.50 1.36 0.40
0.78 0.70 0.95 0.78 0.74

soaking conditions
Hg 1 : CH3CO2HgC6H4NH21.25mM 1.5days
Hg 2 : C^COjHgC^NHj 1.3mM ldays
Pt 1 : KjPtClg lOmM 8days
Pt2:K 2 PtCl 6 10mM4days
Sm : Sm(OAc)3 2mM 2days
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Xiao-qiang Wang, Wu-yi Meng, Xiu-tian Niu, Lu-lu Gui and Zheng-jiong Lin
National Laboratory of Biomacromolecules, bistitute of Biophysics, Academia Sinica Beijing, 100101, China
2>=54.16A, c=117.39A and 0=120.74°. The predicted
positions of reflections, calculated based on the crystal
setting matrix obtained by auto-index, match well with
the observed. More than 90% reflections have deviations
of <0.05 for index h, k and /. The data processing was
done using program package WEIS (UNIX version) on
SGI workstation and then scaled and combined using
the program package ROTAPREP, ROTAVATA,
AGROVATA and TRUNCATE in CCP4 suite [6]. The
data processing gave 14419 unique reflections. The
merging R factor is 6.2 %. The crystal volume per unit of
protein molecular weight is calculated to be
10.31AJ/dalton, implying that each asymmetric unit
contains probably four molecules, and the solvent
content in the unit cell of basic PLA 2 is about 52% [7].
The further studies is in progress.
(b) Orthorhombic form. Preliminary identification by
4-circle diffractometor and Rigaku-Axis IIC system
indicates that the crystals belong to orthorhombic system,
222 point group. The data has also been collected with
Weissenberg camera in Photon factory and processed by
using program package of WEIS and CCP4 suite, similar
to those used for the monoclinic crystal. The final
RmerOQ is 8.0% within 20-2.5A resolution range. The
crystal contains two molecules in each asymmetrical unit.
Structure determination of this crystal by the molecular
replacement method is in progress.
The structure determination and comparison of
different crystal forms will reveal the possible flexible
region in the structure of this enzyme.
We thank Prof. N. Sakabe for his kind invitation to
work in Photon Factory and Dr. N. Watanabe for his
various help in data collection and processing. We also
thank Dr. S. Ikemizu for his help in auto-indexing. The
project is supported from Chinese Academia Sinica.

Introduction
Phospholipase A 2 (PLA2) [EC 3.1.1.4] catalyzes
specifically the hydrolysis of the C-2 ester bond of 3-s«phosphoglycerides to produce lysophosphatidylcholine
and fatty acids. In addition to this esterasic activity, snake
venom PLA2 possesses various pharmacological
activities. The venom of Agkistrodon halys pallas
contains three homologous PLA2. The acidic PLAT
exhibits activity of inhibiting platelet aggregation. The
neutral PLA2 is a presynaptic neurotoxin, designated as
Agkistrodotoxrn. The basic one, in common with
numerous basic phospholipase A 2 from other sources,
has ability to hemolyze erythrocytes. Moreover,
compared with most of other phospholipase A2 , this
basic enzyme is unique in their behaviour toward natural
substrates concerning the hydrolysis of
E. coli
membranes in the presence of a bactericidal permeabilityincreasing (BPI) protein from neutrophil source [1] [2].
Thus it is of interest to understand the structural bases of
the functional variety of these PLA2. The crystal structure
of acidic PLA 2 has been determined at 2A resolution[3].
Experimental and Results
Basic PLA2 from Agkistrodon halys pallas was kindly
provided by Professor Y.C. Zhou group in Shanghai
Institute of Biochemistry. Two crystal forms of basic
PLA2 have been crystallized in the basic conditions using
vapour diffusion techniques. One belongs to monoclinic
system, another orthorhombic. The details of
crystallization will be published elsewhere. Diffraction
data of both forms have been collected to intermediate
resolution using synchrotron radiation-imaging plateWeissenberg camera system [4] at BL6A2 station in
Photon Factory. The wave length of 1.0A and camera
radius of 286.5mm were used.
(a) Monoclinic form. Only a few crystals were
obtained. The crystal is small and fragile. The crystal was
carefully mounted with long crystal edge parallel to the
spindle axis of Weissenberg camera. The oscillation
range (Acp) and the ratio (C) of crystal rotation to the
detector movement was 5.0° and 2.0°/mm respectively.
Diffraction patterns were recorded on Fuji Film imaging
plate and digitized on a Fuji Film BA100 photo reader
system. The symmetry and cell dimensions of the crystal
was determined by auto-indexing program in WEIS
program package [5] on computer FACOM using two
sheets of imaging plate which recorded small-angle
oscillation patterns with 9 angle of 45° and 90°
respectively. The results show that the crystal belongs to
C2 space group with unit cell dimensions of a=100.24A,
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geometry of 0.013A for bond lengths and 2.794" for
bond angles. The electron density map of CM-GAPDH
at high resolution reveals clearly the atomic positions
of carboxymethylated group ( Fig.l ), which is parallel
to the nicotinamide ring of coenzyme NAD' and has
a charged interaction with that moiety of NAD + . It is
notable that the structure of modified active site arid
the mode of its interaction with NAD"" are nearly
identical for green and red subunits, implying that 'thehalf-of-the-sites' reaction leading to the formation of
fluorescent NAD derivatives unlikely results from preexisting structural asymmetry. Further and detailed
analyses of CM-GAPDH structure are underway.
Acknowledgment
We are particularly indebted to professor Noriyoshi
Sakabe for his kind invitation, which made our working in
BL6A2 station possible. Also most grateful to Dr. N.
Watanabe
for various help in experiment and
computing.

D-glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) is a typical allosteric enzyme. The active-site
carboxymethylated reaction of GAPDH from muscle
is an 'all-of-the-sites' reaction, whereas the reaction
which leads to the formation of a fluorophore
carrying NAD derivative is 'the-half-of-the-sites' [1].
Structure analysis of carboxymethylated GAPDH (CMGAPDH') from P.versicolor at high resolution will
explore this reaction from the structure point of view.
CM-GAPDH crystal is isomorphous to that of holoGAPDH [2], The l.SA resolution diffraction data of
CM-GAPDH used in the refinement were collected at
the
synchrotron
radiation-Fuji
imaging
plateWeissenberg camera system at BL6A2 station in
Photon Factory' of KEK. The data were processed using
the WEIS program. The merging R factor is 0.079
for the data set including 78030 reflections at l.SA
resolution. The structure refinement of CM-GAPDH at
l.SA resolution was carried out on the basis of
structure of holo-GAPDH at l.SA resolution, using
program X-PLOR, and
model
building on SGI
workstation using
program Turbo-Frodo [3]. The
current model, containing 2 NAD T molecules, 4 sulfate
ions and 388 ordered water molecules in the red and
green subunits, gives a crystallographic J?-factor of
0.185 for reflections within 6.0-1.8A resolution and a
stereochemistry with r.m.s. deviations from ideal
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Fig. I. Fitting of carboxymethylated group at modified active site
ofGAPDHand corresponding electron density
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Introduction
This proposal covers a range of different protein
crystallographic projects from the groups of Drs D.
Stuart and Y. Jones in Oxford and their collaborators
including Dr D. Stammers. The unifying theme is the
relevance of each project to medical research. We
report here on three projects which benefited from data
collection on BL6A2 at the Photon Factory in 1994.

vessel injury by interacting with blood clotting factor
VH/VIIa and which is implicated in various
pathological processes. Native data collected at the
Photon Factory enabled us (in collaboration with Dr
K. Harlos, Univ. Oxford and Dr B. Boys, Univ.
Edinburgh) to determine the crystal structure of the
extracellular region of tissue factor at a resolution of
2.2 A. 6 ) Tissue factor consists of two Ig-like
domains associated through an extensive, novel,
interdomain interface region. The binding site for
factor VII lies at the interface region and involves
residues from domain 1 and an extended loop (binding
'finger') of domain 2.

HIV-1 Reverse Transcriptase
The multifunctional enzyme reverse transcriptase
(RT) from HIV-1 is a key target for anti-viral
therapies to combat AIDS. Data collected at the
Photon Factory have yielded the highest resolution
(2.2 A) structural information available to date for
this molecule.1^ In total Photon Factory data have
enabled us to determine, and fully refine at high
resolution, the structures of three RT/inhibitor
complexes in addition to an apo enzyme structure.
The structures of the complexes with the nonnucleoside inhibitors (nevirapine, 1051U91 and aAPA) reveal a common mode of binding for these
chemically diverse compounds.^) Comparison of
these complexes with the unliganded structure
suggests that these inhibitors act by locking the
polymerase active site in an inactive conformation.3)

Acknowledgements
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Vascular Cell Adhesion Molecule-1
The cell-surface glycoprotein Vascular Cell Adhesion
Molecule-1 (VCAM-1) mediates intercellular adhesion
by specific binding to the integrin Very-Late Antigen4 (VLA-4). VCAM-1, with the intercellular adhesion
molecules ICAM-1, ICAM-2, ICAM-3 and the
mucosal vascular addressin MAdCAM-1, forms an
integrin-binding subgroup of the immunoglobulin
superfamily (IgSF). We were able to collect high
resolution data at the Photon Factory for native and
selenomethionyl forms of a functional, integrinbinding, fragment composed of the first two domains
of VCAM-1. 4 ) These data were central to the
subsequent structure determination at 1.8 A
resolution.5) Structure/function analysis reveals a key
integrin-binding motif situated on a distinctive,
highly exposed loop between P-strands C and D of the
N-terminal Ig-like domain.
Tissue Factor
Tissue factor is a cell-surface glycoprotein receptor
which initiates the blood coagulation cascade after

72

92-G230
CRYSTAL STRUCTURE OF THE U1A PROTEIN-RNA COMPLEX
Chris OUBRIDGE, Nobutoshi ITO, Philip R. EVANS & Kiyoshi NAGAI
MRC Laboratory of Molecular Biology, Hills Road, Cambridge CB2 2QH, UK
Tnt-rodnnt.-j on

U1A protein is a component of Ul snRNP, which
is one of five U snRNPs involved in pre-mRNA
splicing. The protein contains two copies of
an RNA-binding domain called the RNP domain.
Only the amino-terminal RNP domain of U1A
protein is required for binding Ul snRNA
hairpin II1', which is the protein's binding
site on Ul snRNP2' . The amino-terminal RNP
domain of U1A protein has been solved
previously3', and consists of a 4-stranded
antiparallel p-sheet flanked on one side by
two a-helices.
Although there are now many structures of
protein-DNA complexes only four structures of
protein-RNA complexes have been solved. The
RNP domain is found in over 200 distinct
proteins involved in RNA processing and
transport4' which bind a wide variety of RNA
sequences.
Data Collection
We crystallised a complex of the aminoterminal RNP domain of U1A protein with a 21
nucleotide hairpin RNA molecule representing
hairpin II of Ul snRNA.
The crystal space
group is P6522 with unit cell edges a=£>=97.0A,
c=255.3A. The crystals diffract to 1.7 A, but
the length of the c-axis prevented reflections
being resolved on many conventional x-ray
detectors. For this reason we used the 40 x
20 cm2 Fuji IPs with the Weissenberg camera on
Photon Factory beamline BL-6A5' which could
resolve the reflections. Data sets of native
crystals and an isomorphous derivative were
collected on BL-6A with 1.000A wavelength xrays.
The derivative was of an engineered
serine2 9-> cysteine mutant covalently bound to
methyl mercury6' . A second data set was later
collected at the SERC Daresbury Laboratory on
synchrotron beamline PX9.6 using a 30cm MAR IP
scanner and 0.882A wavelength x-rays.
All
data sets were collected from crystals frozen
at 100 K.

Structure of the romalex '
3 U1A-RNA complexes are found in the asymmetric
unit, and there are no significant differences
between them. The loop of the RNA hairpin binds
to the 4-stranded antiparallel p-sheet of the
protein as an open, effectively single-stranded
structure. The carboxy-terminal residues of the
RNP domain lie across the P-sheet, and together
with a loop from the protein which protrudes
from the P-sheet's surface, form a groove in
which the RNA loop nucleotides lie. The stem of
the RNA hairpin makes few interactions with the
protein.
Extensive interactions within the
complex are mediated by RNA bases stacking to
protein side chains and many hydrogen bonds7'
(Figure 1 ) .
The structure reveals the
stereochemical basis for sequence-specific RNA
recognition by the RNP domain.

Fig. 1 Structure of the U1A-RNA complex.
References

Data Reduction and Structure Determination
Data from Photon Factory BL-6A were reduced
using DENZO; data from Daresbury PX9.6 were
reduced with MOSFLM.
3 mercury sites were
identified in the asymmetric unit with the
SHELXS-90 program; the positions of these
sites were refined and phases calculated with
MLPHARE using derivative data sets collected
at two wavelengths (see previous section). An
electron density map was calculated and
solvent flattened with the SOLOMON program to
2.4A resolution. Model building was carried
out in the graphics program O, and the
structure refined using TNT to 1.92A with an
R-factor of 21.5% and a free R-factor of
26.6%.
(For details of references for these
programs, see Ref. 7).
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Introduction

enzyme fold, the eight-fold a/|S-barrel.
Xylopentaose binds across the carboxy-terminal
end of the a/j3-barrel in an active-site cleft
which in the native enzyme contains the two
catalytic glutamates1.

Sequence alignment suggests that xylanases
evolved from two ancestral proteins and
therefore can be grouped into two families,
designated F and G. Family F enzymes show
no sequence similarity with any known structure
and their architecture was unknown. Studies of
an inactive enzyme-substrate complex will help
to elucidate the structural basis of binding and
catalysis in the family F xylanases.

Reference
1)

We have therefore determined the crystal
structure of the catalytic domain of a family F
enzyme, Pseudomonas fluorescens subsp.
cellulosa xylanase A, at 2.5A resolution and a
crystallographic R-factor of.0.20. The structure
was solved using an engineered catalytic core in
which the nucleophilic glutamate was replaced
by a cysteine. As expected, this yielded both
high-quality mercurial derivatives and an
inactive enzyme which enabled the preparation
of the inactive enzyme-substrate complex in the
crystal. We show that family F xylanases are
eight-fold a//3-barrels (TIM barrels) with two
active-site glutamates, one of which is the
nucleophile and the other the acid-base.
Xylopentaose binds to five subsites A-E with the
cleaved bond between subsites D and E (Figure
1). Ca2+ binding, remote from the active-site
glutamates, stabilizes the structure and may be
involved in the binding of extended substrates.

Harris,G.W., Jenkins,J.A., Connerton,L,
Cummings,N., Lo Leggio,L., Scott,M.,
Hazlewood,G.P., Laurie.J.L, Gilbert,H.J.
& Pickersgill,R.W., Structure, 2± 11071116(1994).

Fig. 1 The eight-fold a//?-barrel architecture of
the catalytic domain of xylanase A from P.
fluorescens subsp. cellulosa drawn using
MOLSCRIPT. The eight j8-strands are shown
as arrows and the eight a-helices are also
shown. Ca2+ binding stabilizes the loop after
strand 7 and the substrate-binding subsites are
formed by loops after strands 4-7. The substrate
is shown using solid bonds. The active-site
nucleophile (Glu246) resides on strand 7 and the
acid-base catalyst (Glul27) on strand 4.

Conclusions
The architecture of P. fluorescens subsp.
cellulosa
has
been
determined
crystallographically to be a commonly occurring
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1. Introduction

in a graphics viewers showed that there are no significant
difference between (a Fe ( n ))2(P M S (II) )2 and deoxyHbA. In
cxl subuint, Fe(II) atom moves 0.5A into the heme plane
upon CO binding. The F and E helices are slightly
displaced relative to the heme.
Our study confirms partially liganded structures in the T
sate as follows: (1) Mg in the a subunits of deoxy and
CO liganded (aFe(-1T>)2(QM^u^2 is five coordinated and
stereochemically almost identical to ferrous ion in
deoxyHbA, (2) the structure of the oc2pl (alp2) interface
of ( a F e ( n ) - C 0 ) 2 ( P M S ( I I ) ) 2 is that of the T quaternary
structure, and (3) the tertiary structure changes upon CO
binding to the a subunit of (a Fe ( n ))2(P M S (II >)2 are such
that the CO molecule and the Fe atom with the same
conformation as that of COHbA are fitted into the T
quaternary structure.

Several metal substituted hybrid hemoglobins (Hbs),
( a Fe(II) ) 2 (pM) 2 a n d ( a M ) 2 (pFe(II) ) 2 ( w h e r e M denotes
metal ions other than Fe(II), have been studied. Among
them Mg(II)-Fe(II) hybrid Hbs show very low ligand
affinity implying that Mg(II)-porphyrin stabilizes deoxy
quaternary structure. The crystals of both unliganded and
liganded forms of ( a F e ( n ) ) 2 ( P M § ( I I ) ) 2 grown form
ammonium sulfate (AS) solution (space group P2j) and
from polyethylene glycol (PEG) solution (space group
P2i2j2) are isomorphous to those of deoxyHbA grown
from the same solutions. Taking advantages of these
facts , we determined to compare the structures of
unliganded and liganded (aFe(-llh2$Mg<-ll))2 within deoxy
quaternary structure.

2. Experimental Procures

We are deeply indebted to Professor Sakabe N. and Dr.
Watanabe N. for advises in the data collection and the
structure refinement at the Photon Factory. We would like
to thank Drs Miyazaki G., Hori H., Shibayama N., Fugii
M. and Unzai S. for helpful discussions and suggestions.

Crystallization of (a F e ( n )) 2 (P M S ( I I ) )2 was carried out in
AS (pH6.5) and PEG solution according to the method
described by Perutz (1968) and Ward (1975) for human
deoxy HbA. X-ray reffraction data to about 1.5A resolution
were collected at the Photon Factory, KEK using the
Weissenberg Camera (Sakabe, 1983) for macromolecular
crystallography with an Fuji imaging plate (IP). Crystals
o f (a Fe(II)-C0 )2( pM g (II) )2 a n d ((X Fe(II) )2( pMg(II) )2 f r o m

Alphol (BCH) : n(Fe-CO)bOlg) tad dooxyHt* In Amao

AS solution yielded a totals of 297677 I o b s and 283630
lobs respectively, which gave 112896 I(hkl) and 108411
I(hkl) independent reflections with the R-merge of 7.79%
and 7.07%. The crystals from PEG solution yielded totals
of 132210 I o b s and 173737 I o bs. which gave 43553 I(hkl)
and 47371 I(hkl) independent reflections with the R-merge
5.76% and 6.66% for unliganded and liganded cases
respectively. The structures were refined with the
Hendrickson and Konnert restrained least-squares program
PROLSQ (Hendrickson, 1985). The (a Fe ( II ))2(P M S | TO)2
and (a F e ( I I )- C 0 ) 2 (P M g( I I ))2 model for the crystals from
AS solution resulted in a R factor of 17.5 %, 18.5 % for
47348 and 50333 reflections respectively between 10.0-1.7
A with magnitudes greater than 3.0a. In the case of the
crystals from PEG solution the unliganded and liganded
models resulted in a R factor of 19.3 % for 34907 and
37380 reflections between 10.0 and 1.9A with magnitudes
greater than 3.0a.

Figure 1. The comparison of the ccl heme environments of
( a Fe(II)-CO )2 (pMg(II)) 2 ( f i l l e d bonds), a n d deoxyHbA
(open bonds). The od heme environments of the models
have been superimposed in the BGH frame (Baldwin &
Chothia, 1979).

3. Results
There are no significant differences between the
structures obtained for the crystals from the different
solution conditions. With the exception of the immediate
vicinity of the cc-heme, the (a F e ( n ))2(P M g( n >)2 and
(aFe(II)-CO)2(pMg(II))2 structures are very similar to each
other and to deoxy HbA. Comparison of the two structures
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Introduction
Interferons (IFNs) are proteins showing
antiviral, antitumor and immunomodulator
activities with potential therapeutic value. The
IFN's have been classified into two categories
on the basis of their biological and physical
properties. Type I IFNs include fibroblast

refinement. The final R-factor at 2.15 A
resolution is 19.1 % (free R-factor is 25.8 %)
with 48 solvent molecules.

interferon (IFN-P) and the leukocyte family of

some Type I interferons: HuIFN-ocD, HuIFN-P

Results
Based on the fully refined crystal structure of
MuIFN-P, we deduced model structures for

interferons (IFN-a) which is composed of at

and BoIFN-x. These theoretical studies

least 10 subspecies. Each member of the Type I
IFNs contains ~165 amino acid residues, and
competes for the same receptors, furthermore,
identical amino acids occupy invariant position
in 23 % of their amino acid sequences. In

combined with the site-directed mutagenesis
studies by Uz6 et al. (1) have revealed the
detailed features for the receptor binding of Type
I interferons as follows (2). (A) There are two
receptor binding regions on the Type I interferon
molecules, one is.the so-called "hot area"
composed of Loop AB and Helix D, and the
other region is composed of Helices A and C.
(B) The hot area is composed of two parts: the
conserved area ("Cv-area") and the nonconserved area. The "Cv-area" seems to be
responsible for the binding to one of the receptor
molecules which shows common binding
activity for all Type I interferons.

contrast, Type II IFN (IFN-y) contains ~146
amino acid residues and displays no measurable
binding to Type I interferon receptors.
Experimental
Data collection were carried out using the
macromolecule-oriented Weissenberg camera
installed at BL6A devised by Prof. Sakabe. To
collect high resolution data with high
completeness, we used three crystals. The three
set of data were scaled using the program
package WEIS developed by Dr. T. Higashi.
The obtained data were of good quality with the
Rmerge value of 4.78 % and the completeness
of 91.0 % at 2.15 A resolution.-We used the
program XPLOR for the crystallographic
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Introduction
Alkaline protease from Pseudomonas aeivginosa IFO3455 is
a zinc requiring metalloprotease consisting of 470 amino acid
residues. It is thought that alkaline protease may play a key role in
infection of the bacteria to their host cells through inacti vation of
various physiological activators such as some complement
components, immunoglobulins A and G, and many protease
inhibitors. In order to obtain the structural information in more
detail for understanding the proteolytic mechanism of the enzyme,
we have solved the crystal structure of alkaline protease and refined
it at 2.0 A resolution
Experimental
The lyophilised sample of alkaline protease was crystallized as
described before ". All X-ray intensity data were collected with a
screenless Weissenberg camera at the BL6A2 station of Photon
Factory in National Laboratory for High Energy Physics, Tsukuba,
Japan. The conditions fordata collections were already reported0.
Two native crystals were mounted with the cryslallographic b* and
c* axes parallel to the spindle, respectively. The Rmerge between
the native data sets was 5.28% for 44,289independent reflections
(7>o(i)) at 2.0 A resolution. For heavy-atom derivative crystals,
the c*-axis mounting was applied. The intensity data were all processed with the program WEIS .
Model building and Refinement
An initial model of (he enzyme was built with acompuler graphics system, IRIS Indigo Elan using the program packageTURBOFRODO. The initial crystallographicR value was43.5%for 16,182
independent reflections within the resolution of 10.0 to 2.8 A The
model was refined by simmulated annealing and conventional
positional refinement using the molecular dynamics program XPLOR installed on a CRAY Y-MP2E/264 supercomputer. Several cycles of refinement were carried out after mannual model
rebuildings using 2Fo-Fc and Fo-Fc maps. Then, water molecules
and calcium ions were added to the model. Finally, temperature
factors of indi visual atoms were refined. The crystallographic R
value was dropped to 19.8% for 33,698 independent reflections
(I>2a(I)) within the resolution of 8.0 to2.0 A. The final model consists of 470 amino acid residues, 308 water molecules and nine ligandions. Itexhibitsareasonable conformation with excellent
geometry. No residues fall into the disallowed region, and 88.8%
of the total residues lie in the most favoured region.
Results and Discussion
The molecule has an elongated ellipsoidal shape with approximate dimensions of 90 X 42 X 35 A21. It consists of two distinct

structural domains (Fig. 1). The N-terminal domain is the
proteolytic domain which contains the active site zinc
atom in the inside of the large cleft. The overall structure of the domain is similar to that of astacin, a metalloprotease belonging to a superfamily different from that
of the alkaline protease. The C-terminal domain has a
two-layer (i-sandwich structure consisting of 19 fjstrands. In the central region of this domain, an unusual
parallel p-helix wounds like a right-handed spiral
through the short turns between the adjacent strands.
Ca2+ ions bound internally within the turns formed by a
repeated GGXGXD sequence moti f may play an essential role in stabilizing this P-helix structure.

N-terminal domain
Fig.l ) An overall view of alkaline protease(A) and its
folding topology (B).

References
1) H. Miyatake,Y. Hata, T. Fujii, K. Morihara, Y.
Katsube, Photon Factory Activity Report, #11, 108
(1993)
2) H. Miyatake, Y. Hata, T. Fujii, T. Akutagawa, K.
Morihara, Y. Katsube, Bull. Inst. Chem. Res.,
Kyoto Univ., 72, 373-386 (1994)

77

93G058
CRYSTAL STRUCTURE OF PHOSPHOLIPASE A2 FROM TRIMERESURUS
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Introduction
Some of the authors have been determined the crystal
structure of dimeric phospholipase A2 (abbreviated as
PLA2) from a venom of Habu snake (Trimeresurus
flavoviridis) at 1.5A resolution(l). The crystals were

method. At this stage the crystallographic R is 0.371.
Refinement of the model was performed with the
program X-PLOR, using merged data set. The final
model contains 1,918 protein atoms and 126 water
molecules. The final R factor is 0.176 for 14,243
reflections with a 3 a (F) cut-off between 10 and 2A
resolution.
Table 1. Crystal data

however grown at pH 4.9, and do not contain Ca 2 + ions
which is indispensable to its enzymatic activity. The
Ca ion binding ability of PLA2 increases rapidly at
alkaline pH, especially above pH 8.5. Therefore the
crystallization of PLA2 at pH 9 was tried and its structure
study has been carried out to compare the structural
changes between the active pH state and inactive one.
Experimental
Crystallization - crystallization was carried out by the
hanging-drop vapor-diffusion method. A lOmM Tris-HCl
buffer (pH 9) containing 12% polyethylene glycol 6000
was used as a reservoir solution. Rhombic crystals were
grown at 4°C after 2days. -The crystallographic data are
given in Table 1. Two molecules, Molecule A and B
respectively, are contained in an asymmetric unit.
Data collection - Two native data set were collected OP
the station BL6A2 at die Photon Factory using a screenless Weissenberg camera (2) cooled to 283K. The X-ray
wavelength was 1.00A. The radius of a film cassette of
287mm and the collimator size of 0.2mm were used.
The oscillation range of 12° with an overlap of 0.5°
were adopted. For Native 1 data the exposure time of
120s per Fuji imaging plate (IP) was selected to collect
high-resolution data. The a* axis of the crystal was
rotated with the Weissenberg coupling constant of 3°
/mm. For Native 2 data the exposure time was set to 60s
and the c* axis was rotated with the coupling constant of
1.5° /mm. 17 packs of IP were processed with WEIS
program system (3) for Native 1 and 2, respectively. A
summary of the data collection was given in Table 2.
Structure determination and refinement - Rotation
parameters were determined with the Crowther's fastrotation function. The search model adopted was the
structure of PLA2 at pH 4.9. Two peaks related with a
local 2-fold symmetry were obtained unambiguously,
using Native 1 data between 8 and 3.5A resolution with
an outer radius of Patterson integration of 20.4A.

Space group
Cell constants

Asymmetric unit
Density
Slovent content

vm

P2i

o=65.20A
c=35.1lA
/3=90.23°
PLA2 dimer
1.30g/cm3
43.5%
2.30A3/dalton

Table 2. Summary of data collection statistics
Native 1 Native 2
Resolution(A)
Total observations
Unique reflections
Completeness(%)
Rm«r,e(%)

-2.0
40,030
13,085
74.5
9.03

-2.7
25,998
8,984
93.3
5.82

Total
-2.0
15,519
88.1
10.42

Results
The three-dimensional structure of PLA2 at pH 9 is
essentially similar to that at pH 4.9, as shown in Fig. 1.

Fig. 1. Comparison of the C a -backbones of PLA2. The
structure at pH 9 (thick lines), and that at pH 4.9 (thin
lines).
References
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press.
2. Sakabe, N. (1983) J. Appl. Cryst. 16, 542-547.
3. Higashi, T. (1989) J. Appl. Cryst. 22, 9-18.

Translation parameters for Molecule A and B were
determined with the Crowther and blow's translation
function, using 8-3.5A resolution data.
Ay for Molecule B was determined with R-factor search
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Introduction

The initial phases were determined by multiple
isomorphous replacement with anomalous scattering
(MIRAS) method using CCP4 program suite.5) After
the refinement of heavy-atom parameters, the
overall figure of merit was 0.57 for reflections to 2.0
A resolution. The phases were improved using
solvent flattening procedure. The resulting 2.5-A
electron density map is shown in Fig. 1.
Although the relative molecular mass of
proteinase A is 22,300, which is about half the size
of pepsin-type proteinases, the proteinase A
molecule has the shape of a croissant, that is similar
to pepsin-type proteinases.
We thank Prof. Noriyoshi Sakabe (Tsukuba
University) for his encouragement and interest
during the experiments.

Aspergillus niger proteinase A is a non-pepsintype acid proteinase, distinctly different in various
properties from the family of pepsin-type
proteinases. It is insensitive to the inhibitors specific
and common to the pepsin family and shows
substrate specificity fairly different. It is not
homologous in primary structure with pepsin at all.1)
There is no information on which residues
participate in the catalysis and how the mechanism
operates. To elucidate these properties of proteinase
A on the basis of three-dimensional structure, X ray crystallographic analysis has been started.
In the present study, we got three good heavyatom derivatives and calculated the electron density
map of proteinase A. It is in progress to determine
the structure of polypeptide chains to explain the
electron density map.
Experimental and Results
Three types of proteinase A crystals have, so far,
been obtained for X-ray crystallographic study.
Among the three types of the crystals, type 1
crystals are grown more rapidly under less strict
conditions than the other two types of crystals.2)
Heavy atom derivatives were, therefore, searched
for type 1 crystals by the soaking method to solve
the structure of proteinase A by multiple
isomorphous replacement (MIR) method. Intensity
data were collected by using a data collection
system at the BL6A station in the Photon Factory, by
combining
the
Weissenberg
camera
for
macromolecular crystallography, an imaging plate, a
Fuji image reader BA100, and a data reduction
program WEIS with a synchrotron radiation (X =
1.00 A). 3 ' 4 ) Since the solvent content (Fs0l) of type
1 crystals was very low (26%) and hence the
crystals were less reactive to heavy atom reagent,
we used extremely high concentrations of heavy
atom solutions for soaking crystals and found two
kinds of Pt-derivatives and one kind of Hgderivative.

Fig. 1. 2.5 A electron density map of proteinase A
References
1) K. Takahashi et al, J. Biol. Chem. 266, 1948019483 (1991).
2) M. Tanokura et al, J. Mol. Biol. 223, 373-375
(1992).
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CRYSTAL STRUCTURE ANALYSIS OF GLUTATHIONE SYNTHETASE
- REFINEMENT OF TRIS-NATIVE STRUCTURE Takaaki NISHIOKA, Keiko MATSUDA, Hiroaki KATO, andJun'ichi ODA
Institute for Chemical Research, Kyoto University, Uji, Kyoto 611, JAPAN
three data sets; 61,869 obserbed reflections, 30,967 unique
reflections with /? m e r g e of 7.01 % and 90.3 % complete to
2.0 A (F > la(F)).
All the refinement procedures were performed using
X-PLOR9' on a Cray Y-MP2E at the Institute for
Chemical Research, Kyoto University. The initial model,
the phosphate-native GSHase, was refined as rigid-body.
Simulated annealing refinement was performed from
3000 K to 300 K at a time step of 0.5 fsec with slowcooling protocol. After B-factor refinement, 95 water
molecules were added by using WATER10'.
The crystallographic ^-factor of the final mode is 20.8
% for 24,108 unique reflections between 10.0 and 2.0 A
(F > 2o(F)). In our previous phosphate-native model, the
main-chain dihedral angles at Asnll4 were out of the
allowed regions in Ramachandran plot. In the present
refinement, the peptide bond between Vail 13 and Asnl 14
was modeled in a cis configuration instead of a trans
configuration. That configuration has much improved the
stereochemical quality of the Tris-native model. RMSDs
from the ideal geometry are 0.012 A in bond lengths, 2.77
deg in bond angles, 25.36 in dihedral angles, 1.01 in
improper angles. Average B factors are 18.27 A2 for the
main-chain atoms and 21.41 A2 for the side-chain atoms.

Introduction
Glutathione synthetase (EC 6.3.2.3; GSHase), the
second enzyme in the glutathione biosynthetic pathway,
catalyzes the synthesis of glutathione from y-L-glutamyl-Lcysteine and Gly in the presence of ATP and magnesium
ion. GSHase from Escherichia coli B is a homotetramer,
316 amino acid residues each monomer. The X-ray
structure of the native enzyme has been determined at a
resolution of 2.0 A1). The ATP-binding site of the GSHasc
is located in the cleft formed between two domains, each
of which consits of an antiparallel P-sheet, helices, and a
loop. The site has no typical mononucleotide-binding
motif; j3-strands are antiparallel in the ATP-binding site
of the GSHase, while they are parallel in the motif. The
dipeptide-binding site is assigned close to the ATPbinding site. The interactions of ATP and the dipeptide
substrates with amino acid residues at their bind sites are
only speculated from the kinetic analysis of mutant
GSHases. The biding site of the third substrate glycine
has never identified, because the substrate is missing with
crystallographic analysis. Another functional, structural
element of the ATP-binidng site in the GSHase is a loop
of 16-residue long. Proteolytic cleavage of the loop at
Arg2332) or substitution of the loop with a short turn
composed of four glycine residues3' resulted in fatal loss
of the GSH synthetic activity. In the mutant enzyme with
the loop-substitution, y-L-glutamyl-L-cysteine dependent
ATP-hydrolytic activity increases to almost same extent as
the synthetic activity. Mutations of the glycine residues
on the loop increased the Km value for glycine4'.
Phosphate buffer at pH 6.0 was previously used for the
crystallization of the GSHase. The crystals from
phosphate buffer, however, diffract badly at higher
resolution ranges. Other buffers were screened for
crystallization of the GSHase. Tris-HCl buffer at pH 7.5
was found to give crystals suitable for X-ray analysis. pH
7.5 is optimal for the catalytic activity.
In the present study we refined the model of Trisnative GSHase at 2.0 A resolution5'. This model reveals
the active site structure at the optimal catalytic conditions.

We also refined the previously reported model of the
phosphate-native GSHase by using the final model of the
Tris-native GSHase as the initial model. The new
phosphate-native model is of good quality in
stereochemistry and in geometry.
Tris- and (new)phosphate-native structures are almost
same in the main-chain folding of subunit but slightly
different in subunit assembly. Structural bases of the
optimal catalytic conditions will be revealed by comparing
the side-chain conformations of the residues in the active
site between the two structures.
The coordinates of the two structures will be deposited
to Protein Data Bank.
References
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Methods and results
Tris-native crystals were obtained by microdialysis
method using the same procedure reported previously1'.
Diffraction patterns of the crystals at one a- and two caxis crystal settings were recorded on imaging plates by
using a large Weissenberg camera installed at the BL-6A2
station of Photon Factory6'. The diffraction images
recorded on imaging plates were digitized using BA100
photo-reader system (Fuji Film), and processed to indexed
intensity data sets with the programs XViewer7' and
WEIS8'. The complete data set was obtained by merging
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Introduction

Table 1. Experimental conditions of Weissenberg data
collection for the native crystals of 7a-HSDH

7a-Hydroxysteroid dehydrogenase (7a-HSDH; EC 1.1.1.159),
the most abundant hydroxysteroid dehydrogenase in human
intestinal flora, has been found in numerous genera of bacteria
and in mammalian livers. Two kinds of 7a-HSDH have been
cloned, sequenced, and characterized. One is the NAD + dependent 7a-HSDH from E. coli HB101 (Yoshimoto et al,
1991, 1993) and the other is the NADP+-dependent 7a-HSDH
from Eubacterium sp. strain VPI12708 (Baron et al., 1991).
Each of them is a homo-tetrameric enzyme having a similar
molecular weight and exhibits similar substrate specificity.
The deduced amino acid sequences of the enzymes show that
both of them belong to the short-chain alcohol
dehydrogenase family. In order to elucidate the common
catalytic mechanism and the origin of differences among
substrate specificities of the enzymes belonging to the shortchain alcohol dehydrogenase family, we have begun
crystallographic studies on 7a-HSDH from E. coli.

Data set number

1

Common conditions
Wavelength (A)
Temperature (°C)
Collimator aperture (um2)
Crystal-to-Imaging Plate distance (mm)
oo scan speed (7sec)
Number of oscillations / Imaging Plate
Specific conditions
Rotation axis
(0 angle / Imaging Plate movement (°/mm)
a angle / Imaging Plate (°)
Total number of Imaging Plates
Total w scan range (°)
Exposure time / Imaging Plate (sec)
Ring current (mA)

tFor the first 8 Imaging Plates.
Plates.

2
0.98
20
100 x 100
429.7
2
20

a*
l.Ot, 1.2S
5.0t, 6.08
18
91.5
40t, 4SS
311 - 306

c*
2.7
5.4
10
47.7
54
298 - 295

§For the last 10 Imaging

Experimental
Table 2. Data collection statistics for
Two native crystals (P4i2i2 with dimensions a=b=Sl.66 A
and c=214.6 A) of 7a-HSDH prepared as described by Tanaka
et al. (1995) were used for X-ray data collection by a
Weissenberg method at the beamline BL6A (Sakabe, 1991).
Detailed experimental conditions for the data collection are
summarized in Table 1. The data sets were processed with the
program WEIS (Higashi, 1989).
Three heavy-atom
derivatives were prepared by transferring native crystals into
heavy-atom solutions each containing HgCh, K.2PtCl4, or
KAu(CN)2. X-ray data collections for the derivative crystals
were performed by an oscillation method at 20 °C using a
Rigaku R-AXIS lie area detector with CuKcc radiation, which
was generated by a Rigaku RU200 rotating-anode generator
operating at 45 kV and 110 mA and focused by a Supper double
focusing mirror. The derivative data sets were collected from a
single crystal each up to 2.8 A resolution and processed with a
Rigaku data processing software PROCESS. The native and
derivative data sets were further processed with the CCP4 suite
(Collaborative Computational Project, Number 4, 1994).
Heavy atom positions were determined by a Patterson method
with RSPS (Knight, 1989) and the heavy atom parameters
were refined with MLPHARE (Otwinowski, 1991).

Native

Data set

Resolution limits (A)
Number of observed reflections
Number of unique .-rfloctions collcctod

7a-HSDH

HgC12

K2PtCl4

I.SO

2.80

2.82

KAu(CN)2
2.81

164,209

50,703

39,912

49,995

38,241

17,090

15,754

16,818

Complrtcness (%}

56.0

91.6

85.7

91.2

Merging X-fador based on intensity (%)

5.88

7.28

8.52

7.24

Site 1

T
0.0

Site 2

•u

Figure 1. A Harker section at
w = l/4 of
isomorphous
difference Patterson functions
for the KAu (CN)2 derivative
of 7 a - H S D H at 3.0 A
resolution.
The maps,
prepared with the CCP4 suite
(Collaborative Computational
Project, Number 4), are
contoured in intervals of ICT
0.5 starting at 2 cr above the mean
density level.
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Results
Statistical details of the diffraction data are presented in Table
2. A difference Patterson map for the Au derivative (Figure 1)
shows that there are two major heavy-atom binding sites per
asymmetric unit. Electron density maps calculated with
phases obtained by multiple isomorphous replacement
techniques turned out to be good enough to interpret. We are
now building a protein model for 7a-HSDH.
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Introduction
Xanthine oxidase or xanthine dehydrogenase isolated
from mammals is a component of the nucleotide
catabolism pathway. The active enzyme, a 290kdal
homodymer, catalyzes the oxidation of hypoxanthine to
uric acid. Each subunit contains one FAD, two 2Fe/2S
centers, and one molybdopterin group*). The enzyme is
synthesized in vivo as xanthine dehydrogenase (type D
enzyme). This form uses NAD as the catalytically
preferred primary electron acceptor for the oxidation
reaction. Alternatively, the dehydrogenase form may be
converted to the oxidase form of the enzyme (type O
enzyme) either during normal cell growth or during certain
types of interruptions to normal cell growth. This
conversion occurs either by reduction of disulfide bonds,
generating the "reversible" type O enzyme, or limited
proteolysis, generating the "irreversible" type O enzyme.
This new form of the enzyme differs in its internal electron
transfer kinetics, accesibility of some cofactor sites to
priming from external electron sources^), and the preferred
cofactor as the ultimate electron source during the oxidation
reactions-*). Instead of using NAD as the kinetically
preferred electron acceptor, the type O enzyme exhibits a
kinetic preference for dioxygen. The product of this
electron transfer to oxygen is the formation of highly
reactive hydroxide radicals and superoxide radicals'*). These
species have been shown to cause severe cell damage^) and
have been implicated in neuronal cell death that is a
characteristic of amyotrophic lateral sclerosis'*).
Extensive studies on the mechanism of electron
transfer between the cofactor sites have been made on both
the oxidase and the dehydrogenase forms. During steady
state catalysis, electron transfer between the cofactor sites
is in rapid equilibrium. The electrons move into the
cofactor sites through the molybdopterin center and, in the
case of the xanthine oxidase, exit to the oxygen through
the FAD center^). Thus, the oxidative half reaction occurs
at the molybdopterin center^ and the reductive half reaction
occurs at the FAD center^). Elucidation of the three
dimensional structure of the enzyme is an important step in
the study of electron transfer between (he cofactor and the
substrate binding sites.

A Matthews parameter of 2.7 indicates that there is one
monomer of Mp= 145kdal per asymmetric unit. The data
are 82% complete to 4.5A with an R factor of 18%. A
medium resolution native data set has been obtained using
the Weissenberg camera on beam line BL-6A2^)
(Figure 1). The image plates were scanned using a
BA-100 image plate reader and the data were analysed using
the WHS 10) computer package. The crystals diffracted to
3.0A resolution and data processing is in progress.
Additional cocrystallization experiments with several heavy
atom compounds have yielded small crystals, with unit cell
parameters similar to those of native crystals. Data sets
have been collected on the BL-6A2 beam line and data
processing is in progress.
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Experimental
Xanthine oxidase preparations of exceptional purity
have been obtained using newly perfected purification
techniques. This highly purified xanthine oxidase forms
crystals using polyethylene glycol 4000 as a precipitant.
Crystals form rapidly, but diffract too weakly for high
quality data collection on a laboratory x-ray source.
Preliminary low resolution data using a rotating anode
x-ray source show that the space group is C222(l) with
unit cell dimensions of a= 119.1 A, b= 166.5A, c= 156.3A.

Figure 1: Diffraction of native xanthine oxidase crystals
(distance= 429.7mm, coupling constants 13, wavelength=
l.oA, oscillation= 2.5deg. ring currents 325mA, speed=
2.0deg/sec, number oscillations= 50)
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The initial phase was obtained by using rotation function
program of x-plor package and molecular packing
program of our laboratory. After the preliminary
refinement by using the macromolecular rigid body
refinement technique, the molecular model was further
refined and adjusted by using the energy-minimizing
stereochemically restrained least-square refinement on
the difference Fourier maps(2Fo-Fc). The final R-factor is
22.4% at 3.0A resolution, the r.m.s. deviation from
standard bond length and bond angle are 0.022A and
4.7° respectively. The backbone of six molecules is
fitting well with the electron density map and electron
behavior well on the electron density map(Fig. 1, Fig. 2).
The structure information of form B monoclinic insulin at
3.0A resolution shows that the hexamer structural state
of R6 as that in form A crystal solved by Derewenda et
al. 2\
More detailed structural information will be
obtained soon after the final refinement of structure.

Introduction
The great mobility of B-chain N-terminal is one of the
prominent features of insulin molecules. The study of
rhombohedral 2 zinc and rhombohedral 4 zinc insulin
crystal structures indicated that Zn + took an important
role in stabling insulin hexamer, while the study on the
phase relationship in phenol-insulin crystal growth
system shows that phenol is also very important to the
stabilization of insulin hexamer. The larger the amount of
cc-helix of B-chain N-terminal in hexamer, the more
stable insulin hexamers will be. We report here the
structure of the form B monoclinic porcine insulin
crystallized in the presence of phenol.

Experiments and Results
In the sodium citrate buffer with 1% zinc chloride,
keeping phenolic content between 0.76-1.25%, form B
monoclinic insulin crystals are obtained. The crystals
were indexed as monoclinic, space group P2-i with cell
dimensions: a=49.24A, b=60.94A, c=48.18A, (3=95.8° ,
and there is a hexamer in the asymmetric unit l\ The
first data set with 7422 independent reflections were
measured on X-200B Area Detector system equipped in
our laboratory, using CuKa radiation to a resolution of
2.7 A and yield of a total of 5024 independent reflections
to a resolution of 3.0A. ( 88.9% of unique data to 3.0 10.0A) with a Rmerge of 5.01%. Data processing was
performed by using the "XENGEN" package (VI.3),
supported by the Siemens Company. The second data set
collected with Synchrotron Radiation using a
Weissenberg Camera with an imaging plate at BL6A2
equipped in National Laboratory for High Energy
Physics, extended to 2.1 A. IP data was indexed and
reduced by using WEIS program package. Data were
further processed by using the CCP4 program package.

Fig. 1 The electron density map of 822 Arg Residue at 3.0A

The form B monoclinic insulin crystal structure was
determined by the molecular replacement method
supplemented with the molecular packing method. The
crystal structure of 4 zinc bovine insulin at 1.9A
resolution was chosen as the model. The molecular
replacement and initial refinement calculated were
carried out on the data collected on the X-200B Area
Detector. Refinement of the atomic positions and thermal
parameters were carried out on a combined Area Detector
and Synchrotron Radiation data set (Rmerge=6.04%).
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Fig. 2 The electron density map of 822 Arg Residue at 2.5A
We thank Prof. N. Sakabe and Dr. N. Watanabe of the Photon
Factory, KEK, for their kind help.
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Introduction

Results and Discussion
The three-dimensional structure of BLAA has
been determined by multiple isomorphous
replacement using five heavy atom derivatives.
And we have refined the structure at 1.8 A.
The R-factor is 21 % for reflections in the
range of 8.0 - 1.8 A with F ) 3 oF. The
polypeptide chain folds into three distinct
domains. The first domain of (P/a)8-barrel
structure consists of 307 amino acid residues.
The second domain, inserted between the third
ct-helix of domain A, forms a separate structural
domain that consists of residues from 108 to
180. The third C-terminal domain, consisting of
residues 395 to 483, forms a distinct globular
unit in which the chain folds into an
eight-stranded antiparallel P-barrel. By analogy
with other ct-amylases, important active site
residues are identified as Asp231, Glu261, and
Asp328, which are all located at the C-terminal
end of the central (P/cOs-barrel. The Ca-atoms
of the BLAA structure are shown in Figure. 1.
The details of the crystal structure of BLAA
will be described elsewhere [4].

ct-Amylase is an enzyme which hydrolyzes
the
<x-l,4-glucosidic
linkage
of starch
components,
glycogen,
and
various
oligosaccharides. It is widely found in
bacteria, plants, and animal secretions.
Thermostable ct-amylase from Bacillus species
is of great industrial importance in the
production of corn syrup. The crystal
structures of four ct-amylases, Taka-amylase,
porcine pancreatic ct-amylase,
Aspergillus
niger a-amylase, and barley malt, have been
reported, but none of bacterial origin has
been determined. a-Amylase from Bacillus
licheniformis (BLAA) is among the most
thermostable natural
enzymes used in
biotechnological processes. Therefore, this
enzyme provides an attractive model for
investigating the nature of thermostability of
proteins. Here we report the crystal structure
of a thermostable a-amylase from Bacillus
lichenifonnis determined at 1.8 A- This study
will provide the basis of designing the
amylases with enhanced thermostability and
other improved properties such as acid
stability by protein engineering.
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Experimental Methods
fl-Amylase from Bacillus licheniformis was
purified and crystallized as described in a
preliminary paper [1]. Diffraction data were
measured at 14 °C on the image plate, using
a Weissenberg camera for macromolecular
crystallography at the BL-6A2 [2]. The
wavelength of synchrotron X-rays was 1.000A
and 0.1 mm collimator was used- A Fuji
image plate (type BAIII, 20 x 40 cm) was
placed at a distance of 429.7 mm from the
crystal. The oscillation range per image plate
was 4.5 to 6.0 degree with a speed of 2.0
degree/s and a coupling constant of 2.2 to 1.5
degree/mm. An overlap of 0.5 degree was
allowed between two contigous image plates.
The diffraction patterns recorded on the
image plates were digitized by a Fuji BA100
scanner. The raw data were processed using
the program WEIS C3]. The native data set
collected from two crystals were merged.
Statistics of Photon Factory data are given in
Table 1.
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Table 1. Native data of BLAA
(%)
7.4

Measurements
(Unique)
504,225
(59.730)

Resolution
Limit (A)

Completeness

l.i

85.5

Figure 1. A Cct representation of the model of BLAA.
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Introduction
In order to realize the high functional devices, a
technique to grow heteroepitaxial semiconductor layers as thin as several A is strongly required. In such
thin layer structure, the thickness of each layer must
be controlled to the order of 1ML and the interface
layers must be confined as thin as 1ML to obtain the
grown layer to work well as designed.
For III-V semiconductors, OMVPE(organometallic
vapor phase epitaxy) and MBE(rnolecular beam epitaxy) became available to grow such thin layer under
control and to make well defined interfaces. However,
it is still difficult to obtain the well defined interfaces
of thin layers which contain different group-V atoms.
Because the vapor pressure of group-V atoms is relatively high, the group-V atoms easily diffuse or exchange across the interface.
In this work, we investigate the interfaces of
InPAs/InP grown by OMVPE measuring the X-ray
CTR (crystal truncation rod) [1, 2] scattering. The
X-ray CTR measurement is expected to reveal the
layer structure of the epitaxially grown samples in
the atomic scale.
Preparation of Samples
Two samples were prepared by OMVPE[3]. All
samples were grown on InP (001) substrate and
capped by 20A InP layer. The first sample was 1ML
grown InAs (sample-a), and the second one was prepared by exposing the surface of InP substrate to
ASH3 for 8[sec] (sample-b).
Experiments and Discussions
The X-ray CTR measurement was conducted at
BL6A2 in Photon Factory. The wavelength of the
X-ray was set at 1.6082A. The diffraction spot of
(002) plane was used in this work. The theoretical
curve can calculate when a proper model of sample
structure is assumed. The X-ray CTR spectra were
analyzed by curve fitting to the calculated curves.
Fig. 1 shows the X-ray CTR spectra of lML-grown
InAs sample and the theoretical curve calculated with
the best fit parameters for the example.
The curve fitting calculation went on very well. For
example, the thicknesses of the InP cap layers are
nearly equal to what we designed.
The distribution of As atoms and the amount of
As atoms in each sample were obtained. The results

show that the As atoms extended only into the upper layer, and not extended into the lower layer. The
amounts of As atoms in sample-a and -b are about
0.45[ML] and 0.72[ML]. This means that contrary
to our design As atoms only for 0.45[ML] were contained in sample-a, and that InP exposed to AsH3
for 8[sec] contained As atoms as much as 0.72[ML]
of InAs. The amount of As atoms in each sample was investigated also by As characteristic X-ray
fluorescence yield measurement[4] The result of the
measurement agreed well with the result of X-ray
CTR measurement. These results indicate that X-ray
CTR measurement can sense the layer structure as
thin as 1ML and can reveal the distribution of the
composition in the resolution of atomic layer.
Acknowledgments
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Figure 1: Measured X-Ray CTR spectra. I is index
of k-space.
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Introduction

camera with a 0.2 mm aperture collimator and a
cylindrical cassette of 286.5 mm5). The diffraction
intensities were recorded on 200 x 400 mm imaging
plates (Fuji Photo Film Co. Ltd), which were
digitized at 100 um intervals on a Fuji BA100 readout system, and the intensity data were processed
using the WEIS program^). The total oscillation
range of 90.5° was covered by 20 serial Weissenberg
photographs. Oscillation range of 5.0° was employed
throughout of the data collection. The exposure time
was 20 sec. per degree. The crystals were stable
towards X-ray exposure and the diffraction was
recorded beyond 1.9 A resolution. The merging R
factor was 0.061 for 77,199 measurements . A total
of 21,552 independent reflections (up to 2.0 A) were
obtained.

Lymphocytes secrete a large number of soluble
protein mediators, known as lymphokines, in response
to antigenic or mitogenic stimulation. The first
limphokine discovered was macrophage migration
inhibitory factor (MIF), which was originally
identified by its ability to prevent the migration of
guinea pig macrophage out of capillary tubes in vitro
1>2)
MIF was suggested to concentrates
macrophages at the infection site and make them
function in antigen processing and phagocytosis. MIF
is also a potent activator of macrophages and is likely
to be critical in cell-mediated immune host
defenses-^). The cDNA of human lymphocyte MIF
was cloned^). The protein encoded by human
lymphocyte MIF cDNA has a molecular weight of
about 12.5KDa with 115 amino acid residues.

We thank Professor N. Sakabe and the Photon
Factory, National Laboratory for High Energy
Physics (BL-6A2) for his kind help in data collection.
This work was supported in part by grant-in-aid of
Ministry of Education, Science and Culture of Japan
(No. 05244105).

Experimental
The crystals of MIF from human lymphocytes
appeared when ammonium sulfate was used as a
precipitant. Best ordered crystals were obtained after
3-5 days when a droplet of protein solution (5 mg/ml)
containing 1.05 M ammonium sulfate and 50mM
Tris-HCl (pH 8.5) was equilibrated against a 2.1 M
ammonium sulfate. The crystals were regularly
shaped prism with dimensions of about 0.3 x 0.3 x
0.2 mm. These crystals belong to space group
P3i21(P3 2 21) with a=b=96.4 A and c=105.5 A.
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Intensity data were collected with synchrotron
radiation at 2.5GeV at the BL-6A2 of Photon
Factory, the National Laboratory for High Energy
Physics, Tsukuba, Japan. The X-ray beam was
monochxomatized to 1.00 A by Si (111)
monochromator system. A screenless Weissenberg
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electron density map allowed descrimination between the
protein and solvent region. There is one tetramer in an
asymmetric unit. It is likely that each protomer is related
by three twofold axis. Further analysis is in progress.

Glucose dehydrogenase (EC. 1.1.1.47) from
Bacillus megaterium is tetrameric enzyme with four
idential subunits. Each monomer consists of 261 amino
acids with Mr=282001). The enzyme is inactivated in
alkaline solution and is stabilized by the addition of
NaCl. The inactivation is due to the reversible
dissociation of the tetramer into inactive monomers. We
have obtained 7 kinds of stability-increasing mutant
enzymes by single amino acid substitution2). The amino
acid substitution in them must have much information
about the role of these amino acid residues in the
stabilization of the intersubunit interaction and/or tertiary
structure of the protomer. In order to elucidate the
mechanism of increasing stability, we started the X-ray
crystallographic structure analysis of this enzyme.

Table 1. Data collection statistics
Crystal

Glucose dehydrogenase (GlcDH) was purified
according to the procedure of Nagao et al.2) from
Escherichia coli KP3998 cells horbouring the overexpression plasmid pGDA2, a hybrid plasmid containing a
glucose dehydrogenase gene from B. megaterium IWG3.
The crystal suitable for the X-ray analysis were
obtained from solutions of polyethyleneglycol by vapor
diffusion in hanging drop, followed by a microseeding
technique. The best crystals were obtained by mixing 5 JJ.1
of a protein stock solution containing lOmg/ml GlcDH
and sodium phosphate buffer with 5jxl of a reservour
solution . Cryatals developed of size up to 0.2x0.2x1.2
(mm) within one month.
The cryatals belong to the monoclinic, space group
C2 with unit cell dimensions of a=119.57A, b=66.05A,
c=120.83Aandp=93.05°.
The diffraction data for native crystals were
collected on Weissenberg camera3) (BL6A2) at Photon
Factory with the imaging plates as a detector. The letent
image in the imaging plates were digitized on a Fuji-Film
BA100 scanner and processed with program WEIS4) to
evaluate integrated intensities. The data collection
statistics are summerized in Table 1.
On the other hand, two heavy atom derivatives (Hg, Pt)
were obtained by soaking native crystals. The data
collection statistics are also given in Table 1.
Heavy atom positions were determined from
difference Patterson and cross Fourier maps. Heavy atom
parameters were refined at 3.2A resolution. The MIR

Resol.

Rmerge

(A)

Ntotal

Nindep.

Native

1.9

5.90

203748

51536

Hg

2.2

8.20

108138

39427

Pt

2.2

18.4

127241

39909

Acknowledgement
We are so much thankful to Dr. Nakagawa for his
assistance in the data collection and processing.

References
1) Y. Makino, S. Negoro, I. Urabe and H. Okada J. Biol.
Chem., 264,6381-6385(1989)
2) T. Nagao, Y. Makino, K. Yamamoto, I. Urabe and
H. OkadaFEBS Lett., 253, 113-116(1989)
3)N.SakabeJ Appl. Cryst., 16, 542 (1983)
4) T. Higashi J. Appl. Cryst., 2 2, 9 (1989)

87

93-G205
THE STRUCTURE OF CYTOCHROME C FROM ALCALIGENES SP AT 1.86 A
Aaron J. Dobbs, Bryan F. Anderson, H. Richard Faber and Edward N. Baker
Department of Chemistry and Biochemistry, Massey University
Palmerston North, New Zealand
substitution sites gave a mean FOM of 0.44 and the
SIR phased map correlated well with that obtained from
anomalous iron scattering. Point by point addition of
(1) the anomalous iron map, (2) the SIR phased map
and (3) a Wang, phase-extended map gave a combined
map in which the interhelix loops could be traced.
Refinement employing initially XPLOR and then TNT
proceeded without difficulty.
The final structure containing 1045 atoms gives a
final Rvalue of 0.184 for all data between 20.0-1.86 A
with RMS deviations from accepted geometries of
0.015 A and 2.0° for bonds and angles respectively.
The average coordinate error is 0.15 A.
Structure analysis and comparison of this
cytochrome c' with others confirms that there is much
variability within the 4 helix bundle motif, due mainly
to the absence of inter helix hydrogen bonds. In all
structures the haem is surrounded by non conserved
hydrophobic residues, one of which occupies the site of
the "6th ligand". There is a network of conserved
hydrogen bonds to the haem propionate in which a
conserved arginine (Arg 112) plays a key role. The
large B-C loop which provides many essential haem
contacts shows many deletions and insertions but
nevertheless maintains a conserved structure of [310
helix-two P bonds-3io helix]. The angle between
helices A and C is the most conserved whereas those
involving B and D, which have least interaction with
the haem, are the most variable.

Cytochromes c' are small electron transfer proteins
with 120-130 amino acid residues and a single
protohaem IX group attached through an invariant CysX-Y-Cys-His motif which provides the fifth iron atom
ligand through His N e 2. Unique features of these
proteins are the absence of any sixth ligand to the iron
and their ability to bind small neutral ligands (NO,
CO) at the vacant coordination site. The cytochromes
c1 are invariably isolated as soluble dimers.
Crystallographic analyses of the cytochromes c1
from three bacterial species (refs 1, 2, 3) have
established that they have a classic 4 helix bundle
topology with the haem filling a cleft at one end.
Little homology exists between members of the group
(typically 25-30% identity) and interhelix angles within
the bundles also vary. Monomer-monomer contacts are
mediated principally through helix A but again the AA' angle can vary by as much as 12° according to
species.
Crystals of cytochrome c' from Alcaligenes sp
have cell dimensions a = b = 54.4 A, c = 181.1 A, Y =
120°, space group P6522 Z = 12. Despite extensive
screening only one heavy atom derivative (K.2PtCl4)
has been obtained.
Structure solution by molecular replacement on its
own failed and the correct AMORE solution was
eventually identified from the anomalous phasing of
the iron atom (obtained from a lower resolution Cu-Ka
data set) combined with considerations of dimer
formation (ref 4). Density modification, model
building and L.S. refinement could not define the
interhelix loops so phase information from the single
isomorphous derivative was used to completely define
the structure.
A 1.8 A native data set was collected on beamline
6A2 of the Photon Factory synchrotron source,
courtesy of Dr N. Sakabe (ref. 5). Intensity data were
measured by screenless Weissenberg photography with
image plates using X radiation of 1.0 A wavelength.
Two crystals were used; one oriented along [c] and
rotated in all through 60° (65 min. total exposure) and
the second with an [a] axis mount rotated through 90°
(84 min. exposure). Images were processed using the
program WEIS and after scaling and merging the
complete data set comprised 18,500 unique reflections
(89% complete) with an overall Rmerge of 0.054.
2.35 A data for the derivative were collected locally
and processed to give 4950 unique reflections with
Rmerge = 0.045.
Phases calculated from one major and two minor
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Cytochrome c'
The haem is shown as
a ball-and-stick model
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Introduction
Alkali metal doped fullerenes are attractive
substances as superconductors. So far, many
experimental and theoretical studies have been
done to examine the mechanism of superconducting
behavior. For the fundamental crystal structure,
it is well known that the Cgo molecules form fee
positions and alkali metal atoms locate at
tetrahedral and octahedral sites 1 ).
Recently, a new method has been developed for
accurate structure analysis, that is, the Maximum Entropy Method(MEM)2). The MEM is the promising since the high resolution electron density
can be obtained directly from the limited number
of X-ray data without using a structural model.
The charge density study of metal doped fullerene superconductors has a potential to give
useful information for the study of superconducting mechanism.
In this report, the results of the MEM analysis based on the SR powder data of alkali metal
doped fullerenes, Li 2 CsC 6 o (Tc=0K) and K2RbC 60
(Tc=23K), are presented.
Experiment
The X-ray powder data was collected by the large
Debye-Scherrer camera (radius 572mm) using
Imaging Plates(IP) at the Photon Factory BL-6A2,
BL-18B and BL-I6 3 ). The wavelength of
the
incident X-ray was 1.542A (Cgo) and 1. OA
(Li2CsC6o & K2RbCeo)- In order to have a X-ray
powder pattern with good counting s t a t i s t i c s ,
the diffracted Intensities were accumulated on
IP for 3-4 hours, which is rather long as exposure time for IP experiment. The obtained powder
patterns are shown In Fig.l.
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F i g . l The SR p o w d e r p a t t e r n s
(b)L12CsC60 and (c)K2RbC60.
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Charge D e n s i t i e s In CpQ. LI^CSCRQ and K?RbCKn

The d e t a i l s of the procedure to obtain MEM
density distributions
from powder data are given
in elsewhere 4 '. In Fig.2, the MEM electron
density maps are shown for the lower density
region of (110) plane. The MEM charge density of
pure Cgo reveals the image corresponding to the
free rotation of Cgo molecule. For LI2CsCeo. the
c h a r a c t e r i s t i c concentration of the charge
densities in the direction of <111> are found on
the Cgo cage. On the other hand, the charge
distribution of K2RbCgo is found to have strongly localized density of Cgg cage in accordance
with merohedral disorder 5 ). It is concluded that
there are distinct difference with regard to the
charge distribution of Cgo molecule which should
be related to superconducting behavior .
The authors thank Prof. N.Sakabe and Drs.
A.Nakagawa, N.Watanabe, S.Adachi and S.Ikemizu
for their kind help in data collection at PF.
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F i g . 2 The MEM e l e c t r o n d e n s i t i e s of
(a)C 6 Q. (b)Li 2 CsC 6 0 and (c)K 2 RbC 6 0 .
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It iscaused by largersurface diffusion of CaF2 moleculesat higher
temperature. Goodquality of the film with anneal at 700°C allows
us to hope for even further reducing of the highest temperature
during the processing, that is important for applications of the
CaF2/Si heterostructures. Sample (d) has roughness parameter R
= 2.5 higher than that of (a). This may be explained by both
original roughness of 7x7 reconstruction and higher thickness of
the film(d).

CaF2/Si( 111) structures became a model object for studies of
fluoride on semiconductor heteroepitaxy owing to close lattice
matching and relative simplicity of their growth by molecular
beam epitaxy (MBE)[1]. The heating at high temperature used to
obtain
clean Si surface is undesirable for future device
applications and 7x7 superstructure on Si( 111) makes it difficult
to form the perfect interface. In the present work we applied the
technique of X-ray crystal truncation rod (CTR) scattering to
study thin MBE grown CaF2 films on H-terminated S i ( l l l )
surface and atomic structure of the interface.

The obtained values of the interface distance correspond to
the so called "short interface" (d = 0.9) which ismetastable and
transforms to the "long interface" (d= 1.45) within a day in thin
(15 ML) film [6]. We found the "short interface" In the sample
with 15 ML of CaF2 in the measurements one week after the

All the studied samples were grown in Physico-Technical
Institute (St. Petersburg) in a small research MBE system. The Hterminated silicon surface was obtained by chemical etching
according to [2]. Reflection high energy electron diffraction
measurements before the fluorite growth showed that the silicon
surface was flat and did not have any superstructure. The usual
growth process was as follows:
1. deposition of CaF2 3 ML(monolayer)onH-Si(lll) at 200°C;

growth (curve (a)) and then a week later again (curve (b) d =
0.92). Thus we conclude that the "short interface" remainsstable
at least within two weeks in the film grown on H-terminated
S i ( l l l ) surface

2. anneal at 700-850DC for 10 minutes;
3. growth of 15 to22 MLofCaF 2 at200"C
The low temperature at the last stage provides the coherent
growth mode of the film [3].
X-ray diffraction measurements were carried out at BL-6A2
using Imaging Plate technique [4]. The radiation wavelength was
1.00 A, the beam was 0.1 mm in diameter. All the presented
data are background subtracted integrated intensities of CTR
scattering versus the normalized angle, measured in S i ( l l l )
reciprocal lattice units X.
All the data were fitted using one-dimensional scattering
model:
HX)=
\Asub(X)+
Qexp( 2niXd) An]m( X,R) \

o.ao

0.90

1.00

i.io

diffraction angle (recip. latt. un.)

2

where / ( X ) is the reflected intensity, A. u b and Afllm are Si
substrate and CaF2 film contributions to the scattering amplitude,
d is the interfacial distance [5]. Q is the factor representing crystal
quality of the film and R is the average deviation from the mean
film thickness (ML).
Curves (a) and (c) in Fig.l show the CTR profiles from the
CaF2 films grown on H-Si(lll) and annealed at different
temperatures. The curve (d) relates to the film grown on 7x7
reconstructed clean Si( 111) surface. All the curves indicate that
the films are of high crystal quality (Q = 0.9). The interfacial
distances are very close to d = 0.9 and correspond to the
interface where Si atoms of the last substrate layer are bonded to
Ca ions in the first layer of the film [6]. As it is seen from the
damping of thickness oscillations, the film with annealing at 850
°C (a) is much smootherand has the best fit roughness parameter
R = 1 smallerthan that of the film (c) annealed at 700'C (R = 3).

Fig.l CTR profiles from CaF 2 /Si(lll) structures
(a) 15 ML onH-Si(lll), anneal at 8 5 0 1 , (b) the structure of (a)
measureda week later, (c) 22 ML on H-Si(lll), anneal at700"C,
(d) 21 ML on 7x7 Si( 111), anneal at 850"C.
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Introduction
A trypsin inhibitor 1-2 from wheat germ contains
123 amino acid residues and 10 disulfide bridges, its
molecular weight being 12,600. The amino acid sequence
of the first 56 residues was determined by Odani et al. ° The
known sequence and the amino acid composition of 1-2 are
very similar to those of barley rootlet trypsin inhibitor
(BRTI).2> Both 1-2 and BRTI consist of two domains of
approximately 60 residues, each of which can inhibit one
trypsin molecule. In order to determine the tertiary
structure of 1-2 which belongs to a new family, the structure
study has been carried out.

trypsin (BT). The poly-alanine model of 1-2 was initially
traced using a 2Fo-Fc map at 2.5A resolution, on the basis
of the structure of adzuki inhibitor (AB-I). Most of the
unknown amino acid residues could be assigned, judging
from the electron density map calculated at several
refinement stages. The final model of 1-2 includes 115
amino acid residues of which eight are not identified. Four
N-terminal residues and four residues in a flexible loop
could not be built because of the very diffuse electron
density in the corresponding regions of the map.
The structure was refined using X-PLOR to an Rfactor of 0.178, in which two trypsin molecules, two Ca2*
ions and 220 water molecules are also included.

Experimental
The crystallization and the data collection of the 2:1
complex between trypsin and 1-2 have been described
previously . 3)4) The crystals belong to space group P212]21,
a=73.49(2), b=120.56(3), c=70.04(2)A and V=6.206(5)
xlO'A3. High resolution X-ray data were collected using
Weissenberg camera at the BL-6A2 station at the Photon
Factory. The structure was determined by the molecular
replacement method based on the structure of bovine

Results and discussion
The structure of the two domains, A and B, are
essentially similar to each other (Figure). Each domain has
an anti parallel j3-sheet of three strands (sub domain 1 or 3),
a small anti parallel /3-sheet of two strands and two flexible
loops (sub domain 2 or 4), which are related by a pseudo
two-fold rotation axis. The loop which connects the two
strands in sub domain 2 or 4 is very flexible and four
residues in the loop of sub domain 4 could not be built. The
sub domains 1 and 3 include an arginyl residue for the
reactive site, respectively. The structure of sub domains 1
and 3 is basically similar to that of the trypsin binding
domain of Bowman-Birk type inhibitors (BBI). The
reactive site of sub domain 1 or 3 interacts with BT in the
same manner as BBI.

Sub
Domain 4
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Figure Secondary Structure of WGTI (1-2)
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refinement for this model reduced R to 34%.
The model was built and improved on the basis
of 2Fo-Fc Fourier maps using O. The final R
factor for the model containing of 126 water
molecules was 18.5% at 1.9 A resolution.

Introduction
Cyclophilins (CyPs) have been originally
identified as soluble intracellular receptor
proteins for immunosuppresants cyclosporinA
(CsA) and subsequently shown to have peptidylprolyl cis-trans isomerase(PPIase) activity in
vitro. CyPs are classified into two families;
CyPAs present in the cytoplasm and CyPBs in
the membrane. CsA has been revealed to be
immunosuppressive in the formation of drugreceptor complex which blocks T-cell activation
and /or proliferation. A variety of mechanistic
probes have led to the proposal of enzymatic
catalysis by the distortion. Which residues in the
CyP are critically important for initiating
catalysis remains somewhat unclear. We report
the crystal structure of yeast CyPA with
molecular weight of 17400 consisting of 162
residues at 1.9A resolution. From structural
comparison with human CyPA and E. coli CyPA
attached with a small peptide we propose a
model in which the interaction between particular
residues of hydrophobicity and prolin ring of the
substrate initiates cis to trans isomerization.

Result and Discussion
The yeast CyPA has (3-barrel structure
consisting of antiparallel eight (3-strands with
two a-helices at the top and the bottom, as
observed in human and E. coli CyPAs. p-barrel
is composed of two orthogonal (3-sheets. There
exists the cleft in the surface of the first P-sheet.
The second p-sheet stabilizes overall P-barrel
structure by the hydrophobic residue core
making with the first P sheet. The hydrophobic
pocket consisting of Phe-58, Met-59, Phe-111,
Trp-119, Leu-120, His-124 is in the cleft and
acts as the receptor site These residues are
conserved in human CyPA while the tryptophan
and histidine residues are replaced by the
phenylalanine and tyrosine residues with the
hydrophobic property respectively in E. coli
CyPA. These side chains take at the same
orientation.

Experimental
Crystals of yeast CyPA were obtained using
hanging drop vapor diffusion technique. They
belong to triclinic, space group PI with cell
constants of a=44.45(2), £ = 5 3 . 1 1 ( 2 ) ,
c=32.018(6) A, a=84.91(2), 0=95.22(4),
7=108.56(4)°. The unit cell contains two
crystallographical independent molecules. X-ray
intensity data were collected with Weissenberg
camera in the wavelength of 1.00 A with BL6A2
beamline at Photon Factory in Japan. 65303
reflections were observed using two crystals at
1.6 A resolution and i?merge of 4.74% was
obtained for 22622 independent reflections.
Human CyPA was used as a search model for
molecular replacement calculation using
XPLOR. PC refinement of the highest rotation
function peaks gave two peaks related by a local
two-fold axis. Translation function for the
position of moleculeB produced the highest
peak at 0.269, 0.962, 0.692 in fixing the
position of molecule A at origin. The rigid body

Fig. 1 Ribbon diagram of yeast CyPA.
Hydrophobic residues in the receptor site are
represented by stick model.
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Introduction

Their coordinates and occupancies were refined using the
program PHASES 7) The mean figure of merit was 0.56
for the data between 15 and 3.5 A resolution.
Interpretation of the best Fourier map is currently
underway.

a-Amylase inhibitors (a-AIs) are known to distribute
widely in plants. In wheat two types of AIs, endogeneous
and exogeneous ones, are present. The exogeneous AIs in
wheat inhibit enzymes of animal and insect origin, and are
classified as to molecular weight (60 K, 24 K, and 12 K)
into three families. ' The AIs with molecular weights of
60 K and 24 K are composed of several subunits with
molecular weights of 12 K. The amino acid sequences of
some of the exogeneous AIs are homologous. '
The exogenous AI coded 0.19 is one of the most
studied inhibitors from wheat kernel, and belongs to the
24 K family. The amino acid sequence of this AI is
composed of two identical subunits, each of which
consists of 124 amino acid residues.3) This AI has five
disulfide bonds. To date, however, little is known about
the three-dimensional structures of of these AIs. Here we
report the X-ray intensity measurement of 0.19 a-AI and
preliminary X-ray crystallographic analysis.

Table 1. Experimental conditions and results
Native
Rotation axis
Wavelength (A)
Oscillation angle

a
1.04
6.3
Coupl. const (7mm) 1.5
1.5
84
Exposure (s/TP)
126
Number of IPs
12
15
Resolution (A)
2.2
2.0
# of measurements; 25,851 28,779
# of unique refls
12,870 15,483
R
%
6.3
6.9
merge ( )
c
1.00
6.3

Hg-deriv. U-deriv.
c
c
1.00
1.04
6.3
6.3
1.5
1.5
126
84
15
10
2.4
2.4
31,340 20,510
11,951 11,129
5.8
4.8

Experimental and Results
We thank Drs Atsushi Nakagawa and Shinji Ikemizu
and Prof. Noriyoshi Sakabe for their kind help in the data
collection using the Weissenberg camera.

0.19 a-AI was purified from wheat flour and
crystallized in 20 mM PIPES buffer (pH 7.0) containing
100 mM NaCl. The crystals belong to space group P2>^
or P^2, and have unit-cell dimensions of a=b=793 A, and
c=60.8 A. 4 ) The Vm value is 2.0 A3/dalton assuming
that two dimers are present in an asymmetric unit.
Heavy-atom derivatives were prepared by the soaking
method and analysed preliminary using low-resolution
data collected with a four-circle diffractometer and CuKa
radiation.4)
For the mercury and uranium derivative crystals as well
as the native ones, high resolution intensities were
collected with synchrotron radiation at BL6A2 and
Weissenberg camera for macromolecular crystals.5) The
radius of cassette used was 429.7 mm. The diffraction
intensities recorded on the imaging plates were read out by
a Fuji film BA-100, and processed by WEIS program.6)
Conditions and results of the measurements are given in
Table 1. For the native crystal, two sets of the camera data
and the diffractometer data were merged and scaled to yield
19,167 independent reflections.
One major mercury site was determined by the
difference Patterson map. Four uranium sites were
determined by the difference Fourier and Patterson maps.
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Introduction
Polychlorinated biphenyls (PCBs) are
widely distributed environmental pollutants.
Because of their chemical stability, PCBs are
recalcitrant to biodegradation. Since 1973, many
microorganisms that could degrade PCBs have
been isolated and characterized. Pseudomonas
sp. strain KKS102 is one of the PCB-degrading
microorganisms and the "BphC" enzyme (2,3dihydroxybiphenyl dioxygenase) is a key enzyme
in the PCB degradation pathway of the
microorganism. The BphC enzyme is
characterized as one of the extradiol type
dioxygenases which have one Fe(II) ion in their
active sites. To gain insight into the catalytic
mechanism of the BphC enzyme, we undertook
X-ray crystallographic analysis of BphC enzyme
from Pseudomonas sp. strain KKS102. The
BphC enzyme is an oligomeric enzyme made up
of eight identical subunits each of 292 amino acid
residues. The total molecular weight of the BphC
enzyme is ca. 250kDa.

the inner diameter being ca. 25 A at the top of the
cylinder, and ca. 50 A at the middle part of the
cylinder. The octamer can be regarded as a stack
of two planar rings each of which is composed
of four subunits arranged with a four-fold
rotational symmetry. The subunit of BphC
enzyme is composed of two domains (Fig.l).
Each domain contains two repetitions of a unique
folding motif consisting of ca. 55 amino acid
residues. The repetitive motif has a "fkxfipp" motif
which appears to be the novel one. In terms of
this "Pajipp" motif, the subunit of BphC enzyme
is composed of four repetitions of the
"pappp" motifs.
In the active site, we found an Fe ion
which was coordinated by side chains of three
amino acid residues, His 145, His 209 and Glu
260. The crystallographic analysis of the BphC
enzyme complexed with 2,3-dihydroxybiphenyl
(2,3-DHBP) showed two hydroxyl groups of
2,3-DHBP coordinated to the Fe ion resulting in
a five-coordination geometry roughly arranged in
a trigonal bipyramid form (1).

Experimental
Three-dimesional structure of BphC
enzyme was solved using multiple isomorphous
replacement method (MIR) with selenomethioninyl proteins used as one of the heavy
atom derivatives. The high resolution native data
were collectted using the macromolecule-oriented
Weissenberg camera devised by Prof. Sakabe
installed at BL6A2. We used XPLOR for the
crystallographic refinement. Current R factor at
2.3 A resolution is 18.6 % with 41 solvent atoms
and one MPD molecule.

Domain 2

Domain 1

Fig.l Schematic drawing of a subunit of the
BphC enzyme.

Results
The BphC enzyme is a thick-walled
cylinder that has a diameter of ca. 110A and a
height of ca. 93 A. It contains a substantial
central cavity or channel which is barrel shaped,

Reference
(1) Sugiyama etal., Proc.Japan Acad. 71B, 3235 (1995).
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Ribulose-1,5-bisphosphate carboxylase/oxygenase
(Rubisco) catalyzes the initial reaction of the two
competing metabolic pathways of photosynthetic CO2
fixation and photorespiratory carbon oxidation. As a
result, CO2 and O2 compete for the same substrate
ribulose-1,5-bisphosphate (RuBP) at the same catalytic
site. Oxygenation of RuBP leads to a decreased net
efficiency of photosynthesis. In order to understand the
catalytic mechanisms and the role of individual residues
during catalysis, a detailed knowledge of the threedimensional structure of reaction intermediates and
mutant enzymes is required to the highest possible
resolution. This could pave the way for site directed
mutagenesis experiments aimed at suppressing the
unwanted side reaction.
The enzyme in eukaryotes and the majority of
prokaryotes is a hexadecamer (L8S8, 550 kD)
composed of eight large, (L, 55 kD) and eight small, (S,
14 kD) polypeptide chains. Despite the obvious
difficulties involved in crystallizing such large
molecules, crystal quality is generally high with crystals
often diffracting to 2 A resolution or beyond. Our
project at the Photon Factory aims at capturing the
highest possible resolution at a high speed.

activated crystals, and crystals of a complex with the
product phosphoglycerate (PGA) from which PGA can
be washed out. One dataset was collected on the PGA
complex. Another dataset was collected on crystals
where PGA was washed out and replaced with the
substrate RUBP. In this case it was necessary to use
calcium as an activator metal to prevent the enzyme
from turning over in the crystal. We used a
Weissenberg camera for
macromolecular
crystallography at BL6A2 (2) with an IP radius of 860
mm and a 100 mm collimator. Four Fuji BASIII
imaging plates were used giving a total detector area of
80 cm x 40 cm. Diffraction data to about 2.1 A
resolution were collected (wavelength = 1.00 A; I = 270
mA; E = 2.5 GeV) with an oscillation range of 3
deg/exposure. These data were processed and merged
with data collected at Daresbury using DENZO (3).
Refinement of the RUBP complex is nearly completed
and the structure shows clear density for the activator
carbamyl, the metal and RUBP in the active site.
Synechococcus enzyme
A different approach is to use site directed mutants
of Synechococcus Rubisco to investigate the role of
individual residues in catalysis (a collaboration with
Prof J. Andrews, Research School of Biological
Sciences, Canberra, Australia). The mutant T65V
shows an altered relative specificity and different
partitioning of side-reactions. It crystallizes in
spacegroup P2\ with unit cell dimensions 169.9 A,
169.6 A, 108.9 A, 0=98.6°. Diffraction data from three
crystals collected in the previous allocation period have
been processed with DENZO: the final merged data set
contained 258,749 unique reflections to 2.2 A
resolution (R merge = 0.111). The structure was solved
by molecular replacement and refined with a final R
factor of 0.186 for all reflections between 7.0-2.2 A.

EXPERIMENTAL
Spinach enzyme
Our initial structure of this enzyme is of an activated
quaternary complex with 2-carboxyarabinitolbisphosphate (2-CABP), an analogue of an intermediate
halfway in the carboxylation reaction mechanism (1).
The crystals of the very stable 2-CABP complex were
obtained using ammonium sulphate. In order to
crystallize other less stable complexes, it was necessary
to replace ammonium sulphate with another
precipitating agent, because sulphate ions compete with
the ligand in the active site. We have managed to
overcome a certain disorder problem and have obtained
crystals from the unliganded and activated form of
spinach Rubisco into which substrates can be diffused.
The crystals are grown from polyethylene glycol, are
isomorphous with the crystals of the 2-CABP complex
and diffract to at least 2.0 A. These crystals could be
ideal for time-resolved diffraction experiments under
conditions when the enzyme turns over. Preliminary
experiments in the home laboratory showed that the
active site loops have opened up and that these crystals
can withstand soaking of ligands without loosing
diffracting power.
Two different starting crystals were used with
slightly different loop structures: the unliganded
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Introduction
Glutathione S-transferases (GSTs) are a key
component of an organism's defence against toxic
chemicals.1) GSTs have been implicated in the
development of the resistance of cells and
organisms towards drugs, pesticides, herbicides and
antibiotics and hence have been the subject of
intense research over the last few years.1) We have
obtained crystals of GSTs from a diverse range of
organisms2-3) as a first step towards structurebased design of new GST inhibitors.
Methods
Crystals of four GSTs were taken to the Photon
Factory. Human placental crystals grow in space
group P432i2 with cell dimensions a=b=60.0A,
c=239.0A and diffract beyond 2.5A. Insect GST
crystals grow in space group P4322 with cell
dimensions a=b= 88.0A, c=66.9A and diffract to
about 2.2A. Liver fluke GST crystals grow in
space group 1422 with cell dimensions
a=b = \60.0A,
c=77.8A and diffract to
approximately 3.0A. Bacterial GST crystals grow
in space group P4 with cell dimensions
a=b=90.9A, c=117.3A and diffract to 2.3A
resolution. Crystals were mounted in X-ray
capillaries and fixed to the Weissenberg camera on
beam line 6A2. Diffraction data were collected on
Fuji image plates and scanned on a Fuji BA100
image plate reader. Processing of the X-ray
diffraction data were undertaken using the
program WEIS.

FIG. 1 Structure of insect GST drawn with
MOLSCRIPT. 6)
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Results and Discussion
We had previously solved the structure of the
human placental GST.4) A number of data sets
were collected of the human GST in complex with
various inhibitors and substrates. The data sets
have been processed and are currently being
analysed. One native and two heavy atom
derivative data sets of the insect GST were
collected and processed. The insect GST structure
has now been solved by5the multiple isomorphous
replacement method. ) The liver fluke GST
crystals have proved radiation-sensitive and hence
are a candidate for cryocrystallography. A search
for suitable cryoprotectants is currently in
progress. A native data set for the bacterial GST
has been collected and a search for suitable heavy
atom derivatives is in progress.
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Introduction
Scorpion toxins are a family of small neurotoxlc
proteins. Generally, most of the toxins are a group of
basic homologous polypeptldes containing about 6080 amino acids except BmK IV1' whose pi Is 5.3. It
has been reported that they bind to various ion
channels'2' with high affinity and selectivity. In spite
of the significant sequence similarity found among
different toxins, they display various degrees of
toxicity and specificity to different animal species.
Therefore it is a good system for studying the
structure-function relationship.
Chinese scorpion Buthus martenssil Karsch,
summarized as BmK, widely distribute all over
China and East Asia. An acidic scorpion neurotoxin
BmK8, which displays the lowest toxicity to
mammals among the purified eight neurotoxins'3',
has been successfully crystallized111. Then two other
toxins (BmK4 and BmKl) with a medium and a high
toxicity respectively were crystallized so as to
establish an activity-sensitive crystallographlc
system. On basis of this, a 3-D structure series of
toxicity-dlfferent toxins with homology may be
established, furthermore, the detail comparison
between activity and structure can be performed.
Obviously, High resolution data is important to
perform this procedure in order to finally explain the
relationship between the various toxicity of the
complicated molecules and the structures of them.
Experiments and Results
Crystals of BmKl used In the data collection
was crystallized from a recipe containing 2.8M
NaH2PO4 (pH-4.53) described as Li et al.'4'. The
crystals belong to a space group P2J2J2! with cell
dimensions a=27.12A, b=52.77A, c=76.39A and two
molecules per asymmetric unit Two very high
quality crystals with the size about 0.7 x 0.2 *
0.1mm3 selected from a batch crystals were
mounted along a and b axes for two data sets,
respectively. The diffraction data collection was
carried out with a screenless Welssenburg Camera
and Image Plates'51 at the beam line BL6A2 of
Photon Factory in KEK. A wavelength of l.OOA and a
film cassette with radius of 429.7mm were used in
data collection. The Intensity were read out by Fuji
Film BA100 Scanner System and processed using
the WEIS program system161 The experimental
conditions and data evaluation are listed In Table 1.
Two data sets with a and b rotation axes were

collected and then were combined so as to overcome
the loss of reflections due to the blind zones. A total
of 78828 reflections were measured which were
merged Into 24712 Independent reflections. A
statistical analysis of this data set Is listed in Table 2
which shows a high quality data With a very high
resolution of 1.2A has been available. The structure
analysis Is now in progress.
We would like to thank Professor Sakabe for the
use of camera and Dr. Watenabe for the helps in the
data collection procedure.
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Table 1. Experimental Conditions and Data Evaluation
Data set
Wave length(A)
Rotation axes
Camera movement(mm)
Rotation speedf /serf
Coupling const.('/mn^
Oscllatlon angle(')

2

1.00

25.0

16.0
124.5

123
14

Repeat ofoscilaUon
Colllmator slze(nvn'mm)
No. of IP used
Temperature! V)
No. of reflections
Observed
Unique
Overloads

3
1+2

b
8.0
2.0
2.0

2.0
1.5

o> range(')

R

1

1.00
a
16.7

15

0.1«0.1

0 .1 *0.1

10
8

16
8

78828
24712
0

0.0622

merge

R<solutlon(A)

1.2

1.1

1.2

Table 2 Statistical Analysis of the Merged Data
Resolutlon(A)
316.-2.40
2.40-1.90
1.90-1.66
1.66-1.51
1.51-1.40
1.40-1.32
1.32-1.25
1.25-1.20

Possible
4644
4500
4416
4303
4441
4204
4547
3963

Observed7
4141
4336
3981
3443
3035
2397
1992
1387

Ratio of
Obs./Poss.
0.892
0.964
0.901
0.800
0.683
0.570
0.438
0.350

316.-2.40
316.-1.90
316.-1.66
316.-1.51
316.-1.40
316.-1.32
316." 1.25
316.-1.20

4644
9144
13560
17863
22304
26508
31055
35018

4141
8477
12458
15901
18936
21333
23325
24712

0.892
0.927
0.918
0.890
0.849
0.803
0.752
0.703
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INTRODUCTION
Holliday junction, which results from
homologous pairing and strand exchanges
between two DNA molecules, is a central
intermediate in genetic recombination or DNA
repair. At the final stage of recombination, the
intermediate is required to be resolved into
recombinant DNA duplexes. In E. coli cells,
The RuvC protein (M.W. 19kDa) catalyzes the
resolution of the Holliday junction through the
endonucleolytic mechanism^). The RuvC
dimer introduces nicks at or crossover the
junction with both identical polarity and
symmetry. This process requires a
homologous sequence at the junction point and
2 cations.

sides. The folding topology shows similarity
to that of RNaseHI from E. coli. The crystal
structure reveals a dimer formation of RuvC
subunits related by a dyad axis (Fig.l).
Combined with results from mutational
analyses, the refined structure allows us to
define the catalytic center, which is constituted
by four acidic residues, Asp7, Glu66, Aspl38
and Aspl41, at the bottom of a large cleft. In
the dimer structure, the catalytic sites lie 30 A
away from each other. The distance and steric
hindrance between the active sites in the dimer
imply that the substrate binding of RuvC
would cause large structural changes to the
junction point.
ACKNOWLEDGMENT
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and N. Watanabe for their assistance in using the
facilities at Photon Factory. Dr. K. Katayanagi, Mr. T.
Kashiwagi and Mr. S. Sugiyama are also acknowledged
for their help in data collection.

EXPERIMENTS
The RuvC crystals were obtained using the
microdialysis method3). The crystals belong to
the monoclinic space group P2i, with unit cell
dimensions a=72.8A, b=139.6A, c=32.4A,
and p=93°, and contain four molecules per an
asymmetric unit. The RuvC structure has been
solved by the MIR method and the molecular
averaging4). Intensity data sets for native and
derivative crystals were collected using a
Wissenberg-type imaging plate diffractometer
mounted on a beam line BL-6A2 or BL-18B5).
The statistics of data collections are shown in
Tablel. The intensity data were evaluated
using the program WEIS6).

REFERENCES
1) HJ.Dunderdale et al., Nature 354, 506
(1991)
2) H.Iwasaki et al., EMBO J. 10, 4381 (1991)
3) M. Ariyoshi et al., J.Mol.Biol. 241, 281 (1994)
4) M. Ariyoshi et al., Cell 78, 1063 (1994)
5) N. Sakabe, J.Appl.Cryst. 16, 542 (1983)
6) T. Higashi, J.Appl.Cryst. 22, 9 (1989)
dyad axis

Table 1. Statistics of data collections at PF
Native
lHgCl 2 2HgCl2
Wave length(A)
1.00
1.00
0.92
Resolution limit(A) 2.5
3.0
3.0
No. of reflections
17,615 11,166
11,239
Completeness
0.810
0.928
0.935
0.060
0.060
0.075
E
RESULTS
The model was refined with the programs
XPLOR and PROLSQ, resulting in an R factor
of 15.7% for 15,545 reflections from 6k to
2.5A. The RuvC subunit consists of a five
stranded mixed p-sheet with a-helices on both

Fig.l Dimer structure of RuvC. Four catalytic
residues, Asp7, Glu66, Aspl38 and Aspl41,
are showed as ball-and-stick models in each
subunit.
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Structural Studies on Hammerhead Ribozymes
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Tsutomu OHTA, Makoto KOIZUMI and Eiko OHTSUKA
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Introduction
Hammerhead ribozyme is being watched with
great interest as a new nucleic acid medicine,
which can break down the mRNA of tumor cell
products.1-2) To reveal the mechanism of the
catalytic reaction, several research groups are
challenging to clarify the crystal structure. The
structure of a complex between hammerhead
ribozyme and its substrate analogue was
reported by Mckay and his colleagues^) But the
substrate of the complex is not RNA but DNA,
and has no Mg2+ which is essential for the
reaction. We succeeded to crystallize the
enzymatic part of the hammerhead ribozyme
which is consisted in two chains (Chain 2,3)

solution. Hammerhead ribozymes may be
thus defined in two parts, the catalytic and
the substrate parts, like an enzyme protein in
principle. If this is the case, comparative
studies of the three-dimensional structures of
the binary and the ternary complexes will be
most interesting.
31
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51
Chain 1

Chain 2
ACCCU

^

/
CUAGG

UAG UGGGA

/

GAUCC
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Cm

31
A
G 5'

Chain 3

Experimental
We have already reported the crystallographic
data and experimental conditions for data
collection.4) To clarify the structural composition
of hammerhead ribozymes, the complex
formation between the component RNA chains
was investigated in several combinations by
electrophoresis experiments.
Results
Hammerhead ribozymes have been defined
including the substrate chain, without any
evidence for the structural composition. It was
not clear whether they always require the
substrate chain to assemble a rigid structure. Our
results show that the two catalytic strands
formed a rigid complex, and it is possible that
the catalytic binary complex forms a ternary
complex when mixed with the substrate chain in
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Fig. 1 Sequence of hammmerhead ribozyme
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Structural Studies for Time Resolved Reaction
Mechanism on Ribonuclease
Yasushi IGA,Toshiyuki CHATAKE, Masaru TSUNODA, Yixin CHEN,
Daisuke TSUCHIYA, Tomohiko TOYODA, Osamu MATSUMOTO and Akio TAKENAKA
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Introduction
According to the development of Laue method,
we are understanding enzymatic reaction on the
view of dynamic chemistry. Ribonuclease A is
one of the well-known enzyme, but the detail of
the catalytic mechanism is not clear so far. We
employed ribonuclease A as a sample of such a
time resolved Laue experiment. Well-understood
knowledge of the mechanism on atomic level will
give us a key to design an artificial enzyme for
human life.

density maps. The data will give us an
interesting information on the reaction
mechanism.
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Experimental
A crystal was mounted in a flow-cell with cotton
fibers. After injection of substrate, dinudeotide
CpA (3 mM), Laue diffraction patterns were
recorded on an imaging plate. The crystal was
fixed at the same orientation during all data
collections, because we wanted to collect
reflection data which would be changed with
time under the same condition. The exposure time
was 20 m second for each shot. All the data was
evaluated by the program LAUE written by
Higashi.
Results
The change of Laue patterns was monitored with
the number of observed reflections and Rmerge,
as seen in Fig. 1 and 2. Until 50 minutes after
injection, the numbers of reflection decreased but
Rmerge increased gradually. Then these changes
were reversed. These facts suggest that a
"structural change" in the crystal is progressed
during 50 minutes and then it goes back to the
initial state before injection. The "change" would
be caused by the catalytic reaction of
ribonuclease A. Now we are evaluating the
intensity data exactly and making electron

S

S

S S R S S

(min.)

Fig.l A time course of number of observed reflections

Rfactl
- • » - Rfact2
Rfact3

in

to

N
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Fig.2 A time course of Rmerge
Rfactl (I+andl-), Rfact2(I+ or 1-), Rfact3(2 and lambda< 0.1 A)
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CRYSTALLOGRAPHY OF RIBOSOMES

94-G200

Harly A.S. Hansen, Klaus von B6hlen+, Jesper Thygesen, Jorg Harms,
Christiana Radzwil, Renate Albrecht and Ada Yonath
Max Plank Research Unit for Structural Molecular Bioligy, Hamburg, Germany
Max-Planck Institute for Molecular Genetics, Berlin, Germany and
Department of Structural Biology, The Weizmann Institute, Rehovot, Israel
Ribosomes are the universal cell
organelles facilitating the translation of
the genetic code into proteins. They
are riboprotein assemblies (m.w.
2.3xlO6 daltons), containing 60-73
different proteins and 3 RNA chains, of
c a . 4500 n u c l e o t i d e s . C r y s t a l s
diffracting best to 2.9 A were grown
from ribosomal particles of halophilic
and thermophilic bacteria. The large
unit cell dimensions, the extremely
weak diffracting power, the relatively
large mosaicity and the shape of the
crystals (very thin plates or needles)
dictate the performance of all steps in
X-ray analysis with bright and highly
collimated synchrotron radiation. At
ambient temperature ribosomal crystals
decay upon the first instance of Xirradiation. To overcome this unusual
sensitivity, we developed cryo data
collection t e c h n i q u e s . Data of
reasonable quality have been collected
from crystals of ribosomal particles of
wild-type and mutated bacteria;
chemically modified p a r t i c l e s ;
complexes of ribosomal particles with
components of protein biosynthesis
(mRNA, tRNA and nascent protein
chains).

binding of an undecagold cluster. ALL

three maps could be further refined by
solvent flattening.
These progress has been made because
of the avaiability of intense and
focused SR beam and of the recent
improvement of the quality of the
crystals, which are of lower mosaicity
and higher stability. The soaked
crystals diffracted to 4-5 A- Because of
lack of sufficient beam time, data were
collected only to 7-8 A- Even at this
resolution 1-1.5 hours were needed for
rotation of 1 degree.

A projection of half of the unit cell of
the 9 A SIR map of the halophilic large
ribosomal subunits

For phasing by MIR and MAD, heavy
atom deiivatization is being performed
either by soaking crystals in solution
of multi-metal salts, or by covalent
attachment of monofunctional reagents
of dense organo-metalo clusters prior
to the crystallization. The suitability of
both approaches for intermediate
resolution phasing has been clearly
demonstrated in the recently obtained
MIR and two SIR electron density
maps: at 9 A, 16 A & 26 A respectively,
of the large and the smaU subunits, by
A projection of half of the unit cell of
the 16 A MIR map of small thermophilic
ribosomal subunits

soaking in heteropolyanion W salts:
K14NaP5W3oO:10 & (NH4)6(P2W18O62)14H2O
or b y p r e - c r y s t a l l i z a t i o n s p e c i f i c
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A NEW METHOD FOR ANALYZING THE PERIODIC STRUCTURE OF MULTILAYER
BY DIFFERENTIAL ANOMALOUS SMALL-ANGLE X-RAY SCATTERING
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Department of Materials Science and Engineering,Graduate School, Kyoto University, Kyoto 606, Japan
2
Institute for Advanced Materials Processing, Tohoku University, Sendai 980-77, Japan
(b) is shifted towards a larger value and its slope is
slightly steeper than that at 7.69 keV. This suggests that
the Lorentz factor for powders, (sh^OsinO)"1, should be
used in the present analysis. However, it should also be
noted that we cannot give this conclusion any universality
applying to all multilayered samples. The difference
between these two intensity profiles in (c) will give
accurate peak profiles from the Cu/Co multilayer. Further
details will be explained in elsewhere (K.Kato et al.,
Mater. Trans. JIM, 36 (1995), to be printed).

Introduction
Small-angle x-ray diffraction in the reflection
geometry is widely used for characterizing the periodic
structure of a multilayer. Their peak intensities are
proportional to the square of the difference between the
average x-ray atomic scattering factors of each layer.
Thus, only weak diffraction peaks are observed in some
multilayers composed of elements with close atomic
numbers, such as, the multilayers with the gigantic
magnetoresistance (GMR). In such cases, the anomalous
x-ray scattering (hereafter referred to as AXS) effect has
been often applied in order to enhance a contrast of x-ray
scattering power between layers.
On the other hand, the intensity of the higher order
peak is drastically reduced because of the Lorentzpolarization and absorption effects. This prevents us
from evaluating their accurate integrated intensity, which
sometimes makes difficult to determine the concentration
profile with sufficient reliability. This is more serious in
the above GMR multilayers. Therefore, a new method to
evaluate an accurate peak profile even for the higher
order peaks has been tested.
Theoretical Background
Due to a large variation of anomalous dispersion
terms (Fig.la), the peak intensity shows a distinct change
near their absorption edges (Fig.lb). As observed in
Fig.lb, the peak intensity becomes almostequal to zero
in the region just above the Cu K absorption edge, and the
intensity is strongly amplified in the vicinity of the Co K
absorption edge.
Let us choose the two incident energies of Ex
(7.69keV) and£2 (9.20keV) in Fig.lb. This figure implies
that large peak intensities are observed at Ex and almost
no peak is observed at E2. By taking a difference between
them, the peak profile would be accurately determined
without being disturbed by large back-ground. This
would greatly improve the signal to noise ratio especially
at the higher order peak.

Energy / keV
Fig. 1 (a) Anomalous dispersion terms of Co and Cu near
their K absorption edges, (b) The energy dependence of
l / / l in the same energy region.
80000
40000

(a)
.
1
i

£,(7.69keV)
£2(9.20keV)
xlOO

0
6000

(b)
i

Results
Intensity profiles of the Cu/Co multilayer observed
at/?, and£2 are compared in Fig.2. The intensity profile,
corrected for the fluorescent radiations and absorption,
and converted to the absolute units is shown in (a). Since
these peaks may have some analogy with those from a
single crystal along the depth, the Lorentz factor for
single crystals, (sin20)'1, is applied to the intensities of
(a). The results are shown in (b). On the other hand, the
intensities in (c) are the results with the Lorentz factor for
powders, (sin26sin0)"'. It is found in (b) and (c) that the
background profiles in (c) shows an extremely good
coincidence though the background intensity at 9.2keV in

3000 0

(c)
100
50
n
5

10 _t

15

Q I nm
Fig.2 Intensity profiles at Ex and E, in the Cu/Co multi-layer;
the absorption correction only (a), the Lorentz factor: (b)
(sin26)'' and (c) (sin8sin28)'.
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Introduction
Recently several papers on heavy metal fluoride
glasses doped with 3d- and ^/-transition metal ions have
provided details of the optical properties that make these
glasses attractive for use as laser host materials and
optical fiber amplifiers1-2). Most of the studies on the
optical characteristics of these glasses have centered on
ZrF4-based glasses. Local structure analysis around
transition metal ions in these attractive glasses is
interesting in the view point of clarifying controlling
factors of their optical properties. However systematic
studies about the local structure around doped ions in
fluoride glasses 3 ) are few. In this study, the local
structures around Zr44' and Ni 2 + , being glass network
forming cation and emission center Jtf-ion, respectively,
in ZrF4-based glasses are clarified by measuring Zr and
Ni K-EXAFS, and are related to ligand field strength
around Ni 2+ obtained from optical absorption spectra.

polyhedra have Oh symmetry configuration.
The ligand field strength around Ni 2+ decreased
with increasing Ni-F inter-ionic distance, as shown in
figure 2. This fact agrees with the ligand field theory.
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Fig.l Inter-ionic distances of Ni-F and Zr-F pairs as a
function of BaF2 content.

Experiments
Glasses of (95-x)ZrF 4 -xBaF2-2LaF 3 -3NiF2
(x=20~35) are prepared by a conventional melting
method under an Ar atmosphere. Li2ZrF6 and NaNiF 3
were taken as reference for EXAFS analysis. EXAFS
spectra were measured in a transmission mode at room
temperature in Photon Factory, KEK; Zr K-edge
(17.99keV) at beam line 10B and Ni K-edge (8.33keV) at
beam line 6B. Because of low Ni concentration, Ni KEXAFS measurements were carried out 3~5 times, and
spectra were averaged to improve S/N ratio.
Results & discussion
Figure 1 shows the inter-ionic distances of Zr-F
and Ni-F pairs as a function of glass-modifying BaF2
content. The Ni-F inter-ionic distance remarkably
changed with glass composition in contrast to the Zr-F
inter-ionic distance. This means that local structure
around Ni 2 + is greatly affected by glass composition.
The F" coordination numbers around Ni 2+ obtained from
EXAFS analysis are almost 6 in all glasses. The spectral
profiles of Ni 2 + optical absorption also indicated that P
coordination number around N i 2 + are 6, and NiF6
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67001.950
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Fig.2 Relationship between Ni-F inter-ionic distance and
ligand field strength.
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Introduction
The local structure of supercritical fluid
(SCF) state, i.e., the state beyond the critical
temperature and pressure, is an interesting subject
which is not well understood to date. In the case
of gaseous molecules in ambient temperature and
pressure, it is known that molecular clusters of
various sizes are formed in the SCF state.
However, little is known about the structure of the
SCF state of molecules to date. With the x-ray
absorption fine structure (XAFS) spectroscopy
technique one can expect to observe the
difference in the structure of liquid and that of the
SCF state, and the effect of intra- or interatomic
interaction in the SCF state as well as the size and
the structure of the formed clusters.
For this purpose we have developed a cell
equipped with gas handling system with which
in-situ measurement of the SCF state can be made
in the experimental station of the synchrotron
radiation facility.
The results of the x-ray
absorption measurements on CF3Br molecule are

the x-ray absorption spectra of Br K edge of
gaseous, liquid and SCF states of CF3Br with 600
jam in thickness. The differences in the edge jump
reflect the change in the density of each state. In
Fig. 2 are shown the Fourier transforms of the k^
weighted oscillatory XAFS spectra of gas, liquid,
and SCF states. The Fourier spectra of liquid and
SCF states are almost identical. This means no
apparent difference in the local structure around
Br ion between the liquid and the SCF states in the
CF3Br. It seems that no intra or inter molecular
interaction is observed in the XAFS spectra.
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presented.
Experimental
The sample cell and gas-handling system
which fulfill the following conditions was
designed.1} a) The sample cell which is able to
make absorption measurements of gas, liquid, and
SFC states among which the molecular densities
are different in several order of magnitude, b) The
length of the x-ray path through the sample can be
controlled from outside, c) The in-situ change of
the states from liquid to SCF can be controlled . d)
The total gas-handling system is compact enough
to accommodate to a small space in the hatch of
the experimental station.
Results and Discussion
X-ray absorption measurements were
performed at BL-6B and BL-7A. Figure 1 shows
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Fig. 1 Br K-XAFS of various states of CF3Br.
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Fig. 2 Fourier spectra
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1) T. Murata et al. Rev. Sci. Instr. (1995).

104

93G015
A XAFS STUDY ON THE LOCAL STRUCTURES OF TITANIA-SILICA MIXED OXIDES
Hiroyoshi KANAI1, Tohru NAKA12, and Seiichiro IMAMURA2
1
2

Faculty of Life Science, Kyoto Prefectural University, Shimogamo, Sakyo-ku, Kyoto 606, Japan
Department of Chemistry, Kyoto Institute of Technology, Matsugasaki, Sakyo-ku, Kyoto 606, Japan,

Introduction
Titania-silica mixed oxides have attracted much
attention as ceramic glasses and catalysts. We have
been studying the relationship between the local structures of mixed oxides and selectivity of epoxidation of
olefinswith tert-butyl hydroperoxide catalyzed by titaniasilica mixed oxides.

with 2 50 mol% Ti which corresponds to the Ti-O-Ti
interaction. The structural parameters derived from the
curve-fitting for the first-shell peaks show that the bond
distance and coordination number in mixed oxides with
s 40 mol% Ti are in fairly good agreement with those
of tetrahedral structurefT^OPr')^, and the bond elongation in mixed oxide with 50 mol% Ti is due to the
mixing of an octahedral structure.(Table 2) The
tetrahedral species of mixed oxides is concluded to be
responsible for the selective formation of epoxides from
olefins with tert-butyl hydroperoxide.

Experimental
Titania-silica with a known content was prepared by
a rapid hydrolysis from a mixture of Ti(OPr')4and Si(OEt) 4
followed by heating in air at 823K for 3 hr. Epoxidation
of 1 -octene and cyclohexene were carried out with tertbutyl hydroperoxide at 90 °C under a nitrogen atmosphere. Mixed oxides were sealed in a Q-pack pouch
in a dry box and X-ray absorption spectra were obtained
with the Beam Line 6B and 7C Stations by a fluorescence and a transmission methods.

A

75/25

Results and Discussion
XANES Deconvolution of XANES spectra indicated
that TiO2-SiO2 with no more than 40 mole% Ti have a
singlet pre-edge peak, while triplet peaks were observed
for mixed oxides with more than 40 mole% Ti. (Table 1)
The high pre-edge peak area of the former oxides is
respon- sible for tetrahedral structure.

c

O)
CO

Ti
mol%

position8
eV

width
eV

height

5
10
20
40
50

-12.8
-12.13
-11.83
-11.60
-12.84
-11.15
-8.51
-12.70
-10.96
-8.58

2.05
1.86
2.06
2.06
0.93
1.77
1.65
1.04
1.72
2.02

0.21
0.23
0.22
0.19
0.04
0.09
0.04
0.04
0.09
0.05

75

.

area
eV
0.67
0.68
0.71
0.60
0.06
0.25
0.09
0.07
0.28
0.16

Relative to the inflection point of the continuum.

/
\

EXAFS Fig. 1 shows Fourier transforms of ka-weighted
EXAFS at the Ti K-edge measured in a transmission
mode. The spectra of mixed oxides with < 40 mol% Ti
are very similar indicating a single peak attributed to
Ti-0 bond. The first-shell peak shifts to a longer position
and the second-shell clearly appears for mixed oxides
Table 1 Pre-edge peaks of titania-silica mixed
oxides measured by the fluorescence method

50/50

100/0

/
0

1 2
3 - 4 5 6
Distance / A

1 2
3 4 5
Distance / A

Fig. 1 Fourier transforms of titania-silica mixed oxides.
Table 2 Structural parameters for Ti-0 bonds in the
first-shell of titania-silica mixed oxides
Ti
mol%
5
10
20
40
50

Ti(OPri)4
TO.

bond distance coordination
A
number
1.79
1.79
1.80
1.83
1.89
1.76
1.92

4.02
4.09
4.36
4.31
5.01
4.00
5.99

Debye-Waller
factor
A2
0.00546
0.00390
0.00663
0.01005
0.00595
-

0.00418

The coordination number is estimated on the basis
that the coordination number of Ti-0 bond of Ti(OPr')4
is 4.00.
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Crystal Structures and Phase Transitions in La@C82 and C76
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Experimental Procedures
Powder XRD measurements were carried out at BL-6B.
The incident beam (the wavelength 1.100 A ) was collimated
to 0,2 mm in diameter, and an imaging plate was used as a
detector, which enables us to get Debye rings, even for
less than 1 mg of powder crystals. For low temperature
experiments (7.8-300K), we used a closed-cycle He
refrigerator and cryostat.

anomaly is also observed as a change of UC-NMR line
shape, which can be interpreted in terms of
orientational transition of molecules."
La@C (J

5ioooo

s

a

NTENS1

Introduction
In the previous x-ray diffraction (XRD) study of
metallofullerenes, we used the powder crystals cocrystalized
with some solvent such as CSi . In this case, the solvent
makes the crystal structure analysis so complicated that the
precise position of the metal atom inside the carbon cage
could not be determined. In this present study we prepared
solvent-free powder crystals of La@C82 ( < lmg ) by the
sublimation method, and performed XRD study.
In addition, we have investigated the structural phase
transition of higher fullerene, C76. The crystal structure of
C76 is f.c.c. or hexagonal at room temperature (RT). At
low temperatures the crystal undergoes phase transitons in
relation to the orientational change of molecules, as is the
case of Can and C70. In our previous study, however, we
observed no change in the temperature dependence of
diffraction pattern (7.6K-600K) corresponding to these
transitions. In this study we used the solvent-free crystals
prepared by the sublimation method, and performed low
temperature powder XRD measurements.
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Fig.l The powder XRD spectrum of Ln@Oi2 at RT.

Fig.2 The powder XRD spectrum of C7o at RT
(1)

Results and Discussion
a. La@C82

Figure 1 shows the XRD spectrum of La@C82 at RT. All
diffraction peaks can be assigned to the major crystals with
the f.c.c. lattice and the minor crystals with the hexagonal
lattice. The lattice constant was determined as a=15.82A±
0.01 A for the f.c.c. crystal, and a=11.14A and c=18.40A
for the hexagonal crystal. The exact determination of
atomic positions is not yet completed, but our present
model calculation shows that the La atom is located inside
the carbon cage. The R-factor is about 11%.
b. C76
Figure 2 shows the XRD spectrum of C76 at RT. All
diffraction peaks can be assigned to the major crystals with
the f.c.c. lattice and the minor crystals with the hexagonal
lattice. At 7.8K, there are some extra peaks which cannot
be assigned to these ones. Figure 3 shows the temperature
dependences of lattice constant of the f.c.c. and hexagonal
crystals, (7.8K-300K). The temperature dependence shows
two anomalies at about 200K and 150K, which possibly
correspond to two successive phase transitons in relation
to the orientational change of molecules. The latter
106

(2)

(3)

50 100 150 200 250 300
Temperature (K)

Fig.3 Temperature dependence of lattice constant; (1) a in the
fee lattice, (2) (3) a and c in the hexagonal lattice, respectively.
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Introduction
New metallic amorphous alloys with an extremely
wide supercooled liquid region, e.g. La-Al-Ni(2), Zr-AlNi(3), etc., have been found by Inoue et al. The origin of
such an extremely good thermal stability is one of our
greatest concerns. As a result of the previous structural
studies in La-Al-Ni(3) and Zr-Al-Ni(4) amorphous alloys,
it is found that their thermal stability is closely related
with large variations of local atomic structures around
certain atomic pairs during crystallization. In the
present study, the local atomic structures around Zr, Ga
and Ni have been determined in Zr-Ga-Ni amorphous
alloys by the AXS method.
Experimental
Zr70Ga]0Ni20 amorphous ribbons were produced
by a single-roller melt-spinning technique. The glass
transition and crystallization temperatures of the asquenched sample are 674K and 724K, respectively. The
anomalous x-ray scattering (AXS) intensities were
measured at the 6B beam line in the Photon Factory. By
obtaining energy differential intensity profiles just
below" Zr, Ga and Ni K absorption edges, the
environmental radial distribution functions (RDFs)
around Zr, Ga and Ni have been determined.
Results
The ordinary and environmental RDFs for the asquenched sample and the sample annealed for 120s at
700 K in the supercooled liquid region are shown with
solid and dotted curves in Fig.l. By referring the
Goldschmidt radii of the elements, the first peaks in the
environmental RDFs are attributed to the pairs
indicated in the figure. The coordination numbers and
atomic distances at these peaks for the as-quenched and
annealed samples are summarized in Table 1.
The amorphous sample was crystallized by
annealing the as-quenched amorphous sample for
180ks at 700K in the supercooled liquid region. It has
been determined by comparing the experimental energy
differential intensity profiles with the ones calculated in
various Zr compounds that the precipitation phases are
a mixture of Zr6Ga2Ni and Zr2Ni.
The average atomic distances and coordination
numbers of Zr-Zr and Zr-Ga pairs in Zr6Ga2Ni and
Zr2Ni phases are larger than those in the amorphous
state and the atomic distance of Zr-Ni pairs is nearly
equal to the value in the amorphous state. The
coordination number for Zr-Zr pairs is larger in the
crystallized sample than in the amorphous sample.
Consequently, it seems that the values of the atomic
distances and coordination numbers in the amorphous
state come closer to those in the crystalline phases by
annealing in the supercooled liquid region. The DSC

traces of the as-quenched and annealed amorphous
alloys suggest that the present amorphous alloy is
thermally destabilized by annealing in the supercooled
liquid region.
These AXS and DSC measurements suggest that
the thermal stability of the present amorphous alloy is
closely related with the local atomic structure in the
amorphous state and that the change of the local atomic
structure in the amorphous alloy toward that in the
precipitated phases makes the present amorphous alloy
thermally destabilized. This is consistent with the
results obtained in the previous structural studies in the
La-Al-Ni and Zr-Al-Ni amorphous alloys3'*0
References
1) A.Inoue et al., Mater. Trans. JIM, 30 (1989), 965.
2) A.Inoue et al., Mater. Trans. JIM, 31 (1990), 177.
3) E.Matsubara et al., J. Non-Cryst. Solids, 150 (1992), 380.
4) E.Matsubara et al., Mat. Trans. JIM, 33 (1992), 873.
Table 1 Coordination numbers and atomic distances for
Zr7nGa10NL,amorphous alloys as-quenched and annealed for
120s at 7(J0K in the supercooled liquid region.
pairs

Zr-Zr
Zr-Ga
Ga-Zr
Zr-Ni
Ni-Zr

as-quenched
r/nm
N

annealed
/•/nm
N

0.32,
0.288
0.288
0.276
0.276

0.325
0.292
0.292
0.277
0.277

6.6
1.3
9.1
1.3
4.6

400

7.0
0.9
6.3
1.9
6.7

a-Zr7()GaloNi2i)
a ordinary
RDF

0.2

0.4

r / nm
Fig.l Ordinary and environmental RDFs for Zr, Ga and Ni of
the Zr7nGa.nNi,n amon^hous alloys as-quenched (solid) and
annealed for 1Z0 sat 700 K.
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INTRODUCTION
For the Past few years, we have attempted t o apply
the XAFS technique t o elucidate the microstructure of
Co-Cr f i 1 m s [ l , 2 ] , which have been important materials
for magnetic recording media since the original proposal by lwasaki[3]. One of the issues on Co-Cr f i l m s
has been on possible existence of two-phase structure
consisting of Co-rich and Cr-rich portions; t h i s view
originated from the early electronmicroscopic observations of sputter-etched Co-Cr f i l m s [ 4 ] and was f o l lowed by many experiments including the observations
of chemically etched fi1ms[5,6], spin echo NMR[7] e t c . .
Chrysanthemum-1 ike patterns observed in chemically
etched Co-Cr f i l m s under the electronmicroscope have
been interpreted as evidence of Phase separation. The
present study aims to obtain further information on
local structures of Co-Cr fiIms by means of XAFS.
EXPERIMENTAL
Co-Cr fiIms were formed on PET web by DC magnetron
sputtering by use of a target of 80 at.% Co and 20 a t .
% Cr. Reference samples of Co-Cr f i l m s were obtained
from Thin Film Research Laboratory of T e i j i n Limited;
these fiIms were prepared by r o l I coater equipped
with a pair of facing targets. Co and Cr f o i l s were
purchased from Goodfellow Corporation.
Measurements of XAFS were made at BL-10B, 6B and
7C of the Photon Factory. Temperature of the samples
were changed from about 10K to room temperature.
RESULTS AND DISCUSSION
F i r s t , Co and Cr f o i l s were analysed t o obtain r e ference data. Co crystal is hep with a=2.5l2A and c=
4.070A by d i f f r a c t i o n data.
Difference of O.OtA is
d i f f i c u l t to distinquish by EXAFS; hence we treated 6
atoms located at 2.499A apart from a central atom and
6 atoms placed s i i g h t l y further at 2.512A, as 12
nearest neighbours a l l together.
An EXAFS analysis
gave a r e s u l t , with an assumption that Debye-Valler
type factor tf's are equal in a l l shells, that Ri =
2.50JA (0,=O.O67A, Ni=12), R*=3.55oA (NJ=6), R3=
4.02*A (n 3 =2), R,=4.3T«A (N«=18), R5=4.87,A (N B =l2).

For simpl i c i t y , we took up only Ri and at best R*
when compared with Co-Cr a l l o y f i l m s .
Co-Cr fiIms of several o r i g i n s were measured by
EXAFS at K-edge of Co and interatomic distances were
obtained. There was v i r t u a l l y no difference in the
f i r s t and second nearest interatomic distances between Co and Co-Cr f i I m s . This was expected at least
f o r the reference samples since the l a t t i c e constants
of Co-Cr was known t o be almost the same f o r the Cr
concentration between 12 and 30 at.58[8].
Actually,
other Co-Cr samples also brought similar results.
Before doing detailed analyses, we compared, in
t h i s study, the patterns of Fourier transforms of
EXAFS of various o r i g i n s , whose examples are shown
below. Those patterns were apparently similar each
other as long as the crystal was hep (namely, for Cr
contents less than 40X); Co-Cr f i l m s which did or did
not e x h i b i t chrysanthemum patterns revealed I i t t l e
difference in the Fourier transform patterns.
XANES spectra showed some difference between Co
and Co-Cr, if the Cr contents were 1OT; but, there
was I i t t l e difference In XANES between Co-Cr films
with and without chrysanthemum patterns.
Situation was similar at the K-edge. of Cr, a l though the spectra of Cr f o i l s were of course d e f i n i t e l y d i f f e r e n t from Co-Cr, since the crystal structure is different.
Thus, so far, the existence of phase separation in
the Co-Cr fiIras has not been proved from the d i f f e r ence in the XAFS patterns.[9] Further efforts are
being made to find the evidence by XAFS..
[1] I.Ouchi et a l . Proc. 2nd Int. Synm. Phys. Magn.
Mater, t (1992) 339.
[2] I.Ouchi et a l . P.F. Act. Rep. I I (1993) 209.
[3] S. Iwasaki e t . a l . IEEE Trans. Magn. 14(1978)849.
[4] S. Iwasaki et a l . ibid 16 (1980) 1111.
[5] K.Ouchi et a l . J. APPI. Phys. 5T (1985) 4013.
[6] Y.Maeda et a l . Jpn. J. APPI. Phys. 25 (1986) L668.
[T] K.Yoshida et a l . J. APPI. Phys. 68 (1990) T05.
[8] K.Kobayashi et a l . J. AppI. Phys. 52 (1981) 2453.
[ 9 ] I.Ouchi et a l . J. Magn. Soc. Jpn. 18(1994)S-1, 23.
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F o u r i e r I r a n s f o r m o f EXAFS, a t 3 0 K , o f ( a ) ( l e f t ) Co f o i l : ( b ) ( m i d d l e ) ' r e f e r e n c e ' Co-Cr f i l m s P r e p a r e d
by r o l l c o a l e r : a n d ( c M r i g h t ) Co-Cr f i l m s w h i c h show c h r y s a n t h e m u m p a t t e r n s , ( b i c p r e p a r e d b y T e i j i n . )
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THE PREPARATION OF INTERFACIAL CLUSTERS ON CeO2
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I describe the preparation of 'interfacial
clusters' on CeO 2 as an extracted model of
catalytic active site. The structure transformation
was followed by EXAFS.
EXPERIMENTAL
Two kinds of CeO2 were prepared. CeO2
synthesized from Ce(NO 3 ) 3 • 6H 2 O was heated
in vacuum at 673 K, then in O 2 at 293 K (CeO 2 ox). A few amount of Ni(NO 3 ) 2 • 6H 2 O was
impregnated on CeO2-ox (Ni 0.25 wt %) and in
H 2 at 773 K (12h) (CeO'2-red). Ru 3 (CO) 12 Q)
was reacted with each CeO 2 in purified THF (Ru
1.7 wt%). Ru K-edge EXAFS was measured at
beamline 10B and 6B, and analyzed on code
EXAFSH by Yokoyama et al. by using empirical
parameters extracted from Ru and RuO 2
powders, (1), and [Ru(CO) 3 Cl 2 ] 2 . 1 All the
procedure was carried out in Ar or vacuum.
RESULTS AND DISCUSSION
The EXAFS studies on supported Ru,
Rh, Pd, Re, Os, Ir, or Pt clusters were well
summarized in ref 2. Different from the
examples of these clusters, cluster Q) was

(la)

transformed to monomeric species [Ru(CO)3_
-O s ) 2 ] (2) by the reaction with CeO2-ox
[Figure 1(1)] or CeO 2 -red in THF at 290 - 337
K.
As the species (2) was supposed to be
homogeneous based on EXAFS, IR, and TEM
measurements, it can be used as starting material
to prepare 'interfacial' cluster catalysts. By the
reduction in H 2 around 373 - 600 K, (2) was
transformed to monolayer-like 'interfacial' model
cluster (3) in size of ca. 11 A both on CeO2-ox
[Figure 1(4)] and CeO 2 -red. In contrast, (2)
was transformed to [Ru-^/i -O s ) 3 ] [Figure 1(2)],
and to Ru oxide cluster in size of ca.20A
(oxidized in the absence of O 2 ) [Figure 1(3)] by
heating in vacuum at 673 and 813 K,
respectively.
I am under the investigation of origin of
extreme absorption capacity {H(a)/Ru = 4 - 5 }
and excellent ammonia synthesis activity of (3)
on CeO2-red.
REFERENCE
(1) Izumi, Y; Aika, K. Chem. Lett. 1995, 137.
(2)Izumi,Y; Iwasawa, Y. Chemtech 1994,
July, 20.
4(H

(2a)

(4b)

Figure 1. Ru K-edge EXAFS for cluster (1} on CeO2-ox. Incipient(l), heated in vacuum at 673
K(2), heated in vacuum at 813 K(3), and in H 2 at 573 K(4). (a)P-weighted x (,k) and (b)its
associated Fourier Transform.
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Introduction
Photoabsorption of atoms has been generally treated as a
single-electron excitation process. However, the existence
of the multielectron excitation process, where the removal
of a core electron by photoabsorption causes excitation of
additional electrons in the same atom, has been known in
x-ray absorption spectra for a long time. With the recent
advent of synchrotron radiation facilities, this process has
been studied extensively [ 1 ] and has received special interest
in fundamental atomic and molecular physics as well as in
applied fields, such as solid-state physics and chemistry,
because it is a sensitive probe to study atomic and molecular
structures and excitation dynamics.
Most of the experiments have been performed for isolated
atoms, such as noble gases [2,3], where the influence of
neighboring atoms can be neglected.
It was pointed out by Kodre and co-workers [4] and
Frahm et al. [5] that for solid targets it is difficult to identify
weak transitions corresponding to multielectron excitation
in x-ray absorption spectra. The reason is that in condensed
matter, the oscillation due to the x-ray absorption fine
structure masks small signals in the energy region where
multiple electron excitation ([KL]) occurs.
In the case of solution, the EXAFS is dominated by a
simple coordinate bond, which can be modeled and removed
from the spectra. Therefore, aqueous solutions are
appropriate samples to study multielectron transition
processes in the x-ray absorption spectra including structural
signals from surrounding atoms.
The aim of the present work is to study whether the
multielectron excitation process, which we have observed
for Kr [2], can be detected for elements not in gas phase.

section and o([l53^])/o([l*])~5.0xl03 for the [Is3d]
transition. These values are in better agreement with the
calculated shake-up probabilities in Table I than with the
shake-up-plus-shake-off
probabilities
obtained
by
Mukoyama and Taniguchi [6]. Combining this fact with
the energy dependence of the shake-up and shake-off
probabilities, we can confirm the conclusion of our previous
work that the multielectron excitation edges observed in
x-ray absorption spectra are ascribed mainly to shake-up
process. However, the measured cross section is larger than
the calculated value for the [Is3p] excitation, but smaller
for the [1*3d] transition. The discrepancy in the cross section
between theory and experiment is due to the error of
subtracting the sudden approximation, which is valid for
the high-energy limit of the incident photon.
0.02
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•

(a) Br[1s3d]

0.01
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Experimental
The sample used were 0.2-mol/mm3 propylene carbonate
solution of tetra-n-octylammonium bromide (NBr) and 0.01 molAnm3 ethanol solution of EuBr, (EuBr). These samples
were contained in a sealed Teflon cell of 8 mm length. The
contribution of higher harmonics in the x-ray radiation was
negligible due to the critical energy of the synchrotron
radiation spectrum. We also confirmed the absence of
spurious features {glitches or multiple reflections) due to
the monochromator in (///0), where 70 is the intensity of
incident photons and /is that of photons after passing through
the Br sample.

......•.••-••""" \

150
E-E0(mV)

200

0.01

200

250

Fig.l Measure (a) Br [Is3<f] and (b)
cross sections in NBr.

Results
In the Br [Is3d] excitation edge, it is easy to detect the
onset of this edge. The measured [Is3df| excitation cross
section is quasiquantitatively shown in Fig. 1. The onset of
the [Is3d] transition occurs at 91 eV for NBr and 80 eV for
EuBr. The measured energy agrees with the present
theoretical calculation. For the Br [1*3/?] transition, the inset
of the measured values occurs at 205 eV for NBr and 203
eV for EuBr. These values also agree well with the calculated
value. As indicated in Fig.l, the [Is3p] cross section is
seen to rise much more gradually with photon energy than
the [Is3<i] cross section.
We estimated the ratio of the cross section for the multiple
excitation to that for the single [1*] ionization. The measured
ratio is a([l*3p])/o([l*])~1.8xl03 for the [Is3d] cross

300
double-electron

[1] T. Mukoyama and Y. Ito, Nucl. Instrum. Methods B87,
26 (1994)
[2] Y. Ito, H. Nakamatsu, T. Mukoyama, K. Omote, S.
Yoshikado, M. Takahashi, and S. Emura, Phys. Rev.
A46,6083 (1192).
[3] S. Schaphorst, A. Kodre, J. Ruscheinski, B. Crasemann,
M. Chen, J. Tulkki, T. Aberg, Y. Azuma, and G. Brown,
Phys. Rev. A 47,1953 (1993).
[4] A. Kodre, S. Schaphorst, and B. Crasemann, in X-Ray
and InnerShell Processes, Proceedings of the 15th
International conference on X-ray and Inner-Shell
processes, Knoxville, 1990, AIP Conf. Proc. No. 215
edited by T. A. Carlson, M. O. Krause, and S. T. Manson
(AIP, New York, 1990), p.582.
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in Zr-0 and Zr-MetaJ peaks of Y-stabilized zirconia
Introduction

An anomalous increase in the heat capacity curve
of each ,(U, VMV)O, sample, (M : Lanthanides) was
observed at temperatures from about 550 to 1300K
depending on dopant and its concentration^]. This
anomajous increase was interpreted as due to the
formation of Frenkel pair-like defects of oxygen and
the dependence may nave some relation wifh formation oi clusters in this structure. Therefore, in this
study we have used EXAFS spectroscopy to obtain
the temperature dependence oflocal structure around
Zr and Gd in gadlima-stabilized zirconia
( o g o o ^ O , )) which have the same fluorite
structure, as UQ2 and to discuss the changes of
distribution or dopant, oxygen vacancy and oxygen
interstitial above the onset temperature of the
anomalous increase in the heat capacity of doped
UO2. The EXAFS study of stabilized zircpnia at high
temperature has been performed only for Ystabilized one[2].

and those of Gd-stabilized zirconia with temperature
in fig. 1. Therefore we expect that the oxygen
configuration of Gd-O shell is ordered at low
temperature like Y-0 shell and becomes disordered
rapidly than Zr-0 shell with temperature though we
haven t measured the EXAFS spectra or the Gd-L3
edge at higher temperatures. The difference between
oxygen configuration around Zr and that of dopant
may induce the anomalous increase in the neat
capacity of doped UO2 with the same fluorite
structure as ZrO2 at high temperatures
0.6
—O-Zr-1

- • - Z r - O (ZrosGd0 2O, „)
O Zr-O(Zr03Y02O,s|2])
A Y-O(Zr08Y02O,s(2])

0.5

0.8
- 0.7

0.4

Experimental

0.6

The X-ray absorption measurements near Zr-K
edge at room temperature, 573K, 873K and 1073K
and Gd-L3 edge at room temperature were made
with Synchrotron Radiation by use of the EXAFS
facilities on the beam lines 7Cand 6B. The powder
sample of single cubic Zr08()Gd020O, 90 phase was
prepared by heating a mixture of ZrO2 and Gd2O3
powders at 1673K in air for 48h.

§

a)

0.3

0.5i

0.2

a.

Results and Discussion
1. Room temperature : The average cation-oxygen
interatomic distance calculated from lattice constant
was 0.224nm, whereas the Zr-0 and Gd-0 interatomic distances calculated from the least-square
fitting were 0.214nm and 0.233nm respectively. This
result is attributed to the anion vacancies
being
preferentially sited adjacent to smaller Zr4+ cation
which, with ensuin« relaxations, permits a closer
contact between Z r and its oxygen neighbors.
However coordination number for the first-neighbor
oxygen shell of Gd calculated from the least-square
fitting was less than 8-coordination and slight
smaller than that of Zr. Thus, from the result on
coordination number, the position of oxygen
vacancies can not be clearly determined.
2. Temperature dependence : The Zr-0 interatomic
distance calculated from the least-square fitting
slightly decreases with temperature, showing the
inconsistent results with the effect of thermal
expansion. Fig. 1 shows the variation in the area of
the radial distribution function of Zr-0 and Zr-Metal
peaks with temperature, which we use as a measure
of the relative disorder in the sample. The decrease
in Zr-0 area (arising from thermally induced disorder
within the shell off.oxygen or cation neighbors) is
smaller for Gd-stabilizedzirconia than for pyrochfore
La,Zr,O7 with order configuration of oxygen. The
variations in the area of Y-stabihzed zircoma with
temperature obtained by Catlow et al.[2] are also
shown in fig. 1. These data are normalized with the
amplitudes of Zr-0 or Zr-Metal at room temperature.
The amplitudes of Zr-0 and Y-0 shells converge at
higher temperatures, whereas latter are larger than
former at low temperature, indicating Y-0 shell is
more ordered at low temperatures relative to Zr-O.
There seems to be similarities between the variation
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Fig. 1 Variation with temperature of the areas of Zr-O,
Y-O, Zr-M and Y-M peaks in magnitude of Fouriertransformed EXAFS data.
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Introduction
Amorphous alloys in the Zr-Y-Al-Ni system
indicate a wide range of supercooled liquid region and
are quite promising for the engineering materials^.
This report describes the structure of Zr6oAli5Ni25,
Zr33Y27Ali5Ni25 and Y60Ali5Ni25 amorphous alloys
(hereafter denoted as Zr60, Zr33Y27, Y60, respectively) obtained by the anomalous X-ray scattering(AXS) method 2).
Experimental and Results
Amorphous ribbons of Zr60, Zr33Y27 and Y60
were produced by a single roller melt-spinning
technique in an Ar atmosphere1-1. The AXS measurements were carried out at the BL-6B station.
Fig. 1 shows the environmental QimiQ) and Qiy(Q) of
Y60 together with ordinary Qi(Q), as an example.
The RDFs of Y60 are given in Fig.2. Since the peak
at 0.28nm is found in three RDFs, this peak is
allocated to the Y-Ni pairs. The peak at around
0.36nm is not detected in environmental RDF around
Ni. Thus, the peak at 0.36nm may be attributed to
Y-Y pairs. The structural parameters of Y60 was
refined by using the interference refining technique
coupled with the structural information on Y3AI2 and
Y3Ni2. After several iterations of least-squares
calculation, the interference functions denoted by
dots in Fig. 1 were obtained. The structural
parameters of Z33Y27 and Z60 were obtained by a
similar manner.
Discussion
The stmctural parameters indicate that Y-Al pairs
is rather distinct than the Y-Ni pairs in Y60, although
the first saturated crystal is Ni2Y when Y60 is
annealed. The difference in the atomic arrangements
between Ni2Y and Y60 may be one of the reason for a
wide supercooled liquid region. Similar discussion is
also possible in the case of Z60, where Zr5Al3 is the
first crystal appeared by annealing while Zr-Al pairs
is quite rare in the amorphous structure. As for
Zr33Y27, the Zr-Y pair is recognized even if Y and
Zr have the insoluble character. This feature should
be another significant factor for obstructing
crystallization.

References
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pressurized to 90 GPa. Pattern A was recorded
before heating while pattern B was obtained after
being held at 700°C for 30 min. A small peak
labelled G in pattern A is the gasket line. There is
essentially no change in the two diffraction patterns.
Quite similar behavior was observed from
exepriments undertaken at lower pressures and temperatures. These observations show that w-BN persists stable at least to 90 GPa and 700°C.

Introduction
Boron nitride is similar to diamond in that the phase
relations of the two materials are quite corresponding
to each other: they exist in the graphitic and rhombohedral forms at ambient pressure as well as in the diamond and wurtzitic forms at high pressure. The highpressure forms can all be metastably retained to the
ambient conditions and, hence, quenching technique
has been applied in most cases to study the phase relations. Such relations, however, can be much more
precisely known by In-situ observations.
For the wurtzitic form of boron nitride (w-BN), both
the quenching0 and in-situ 2) studies have shown a
conversion to the diamond-like form (z-BN) upon
heating to about 1000°C under pressure exceeding 8
GPa. The temperature for the conversion decreases
with an increase in the pressure, leading to an expectation that w-BN would transform into s-BN
at relatively low temperatures when pressurized to
beyond 50 GPa.
This study was undertaken to know the behavior of
w-BN in-situ under pressure as high as 90 GPa.

2 8 (deg)

Fig. 1. X-ray-diffraction patterns of iu-BN
at 90 GPa. A:before heating, B:after
heating.

Experiment
Our w-BN sample was synthesized from graphitic
BN either by static or by dynamic compression. The
sample was pressurized with a gasketed diamondanvil cell and afterwards heated to several hundreds
centigrade by a Pt wire heater placed near to the diamond anvils. Pressure was measured by fluorescence
of ruby chips incorporated with the sample or, otherwise, by equation of state of the gasket. X-ray-diffraction was carried out at room temperature using
monochromatized radiation from BL-6B. The diffracted x rays were recorded by an imaging plate.

The conversion from w-BN to z-BN involves a
change from eclipsed to staggered conformation.
Since such a conformational change requires relatively large transition-state volume, the kinetics of the
conversion can be retarded at higher pressures despite
the heating to enhance the kinetics.
References
1) A.Onodera, H.Miyazaki, and N.Fujimoto,
J.Chem. Phys., 74, 5814 (1981).
2) O.Shimomura et al.. Abstract 32th Symp. High
Pressure, Japan, p.31 (1991).

Results and discussion
Figure 1 shows x-ray-diffraction patterns of w-BN
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Introduction
It is reported that tetrahedral Mo oxide species
and polymolybdate with an octahedral configuration
are present in the monoiayer region.1 The structure
of molybdenum oxides is much affected by the nature
of supports such as silica, alumina and titania. The
selectivity of 2,3-epoxypropan-1-ol over the low Moloading region was low, but it increased remarkably
after the coverage of the monoiayer. The present study
deals with the microstructure of Mo oxides supported
on a-, Y-. and x-alumina in relation to thier activity in
the epoxidation of allyl alcohol using t-butyl hydroperoxide as an oxidant.
Experimental
Alumina-supported molybdenum oxides were prepared by impregnation of hexaammonium heptamolybdate tetrahydrate on alumina, followed by calcination at 500 °C in air for 3 h. Epoxidation of allyl
alcohol was carried out at 90 °C under a nitrogen
atmosphere. Mo samples were sealed in a Q-pack
pouch in a dry box and X-ray absorption spectra were
obtained with the Beam Line 6B station by a
transmission mode.

FT for 1 wt% Mo oxide indicates two kinds of Mo
species(tetrahedraland octahedral one). The selectivity
of 1,2-epoxypropan-1 -ol is also shown in the figure;
the higher the Mo-loading, the higher the selectivity.
The results for Y- and x-alumina supported Mo oxides
were similar to that for a-alumina supported one: the
predominant species was isolated tetrahedral Mo oxide
in the monoiayer region espe- cially with low Mo-loading,
and the adjacent Mo (octahedral) oxide species
began to appear with an increase in Mo, and finally
MoO3 was formed over the monoiayer coverage.
When isolated tetra- hedral Mo oxide was observed,
the selectivity of epoxide was very low showing that
epoxidation occurs with aggregated Mo oxides and
that the most active species is MoO3 spreaded on
alumina. MoO3 layer easily apperas on a-alumina(the
lowest surface area) with lower Mo oxide loading.
5-
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Results and Discussion
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XANES ESCA analysis indicated that the monoiayer
of Mo oxides was covered with ca. 1 wt%, 20 wt%, and
15 wt% of Mo oxide loading for a-, y- and x-alumina,
respectively. IR and XRD analyses indicated that
MoO3 was formed after the coverage of an Mo
monoiayer. The pre-edge peaks did not give any
information about the configuration of sup- ported Mo
species when compared with those of standard Mo
samples with tetrahedral and octahedral configurations. XANES spectra indicated that tetrahedral
species predominated in the mono- layer region while
octahedral ones began to appear with the increase in
Mo-loading.
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EXAFS Fig. 1 shows Fourier transforms(FT) of the
EXAFS spectra of Mo oxides supported on a-alumina.
FT for 0.5 wt% Mo oxide shows a single peak which
corresponds to the Mo-0 bond (1.77 A) of isolated
tetrahedral species. FT for 2 wt% Mo oxide shows
two kinds of Mo-0 bonds plus Mo-Mo which is due to
adjacent Mo species of polymolybdate or MoO3. The
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Introduction
The heme attached covalently to Fe (III) ion and its
axial ligands are essential not only for the conformation of horse
heart ferricytochrome c (CYT-C) but they also play a crucial role
in the folding-process. Acid denaturation of CYT-C occurs in a
single cooperative transition around pH = 2.5 at low ionic
strength.*) On the other hand, under the condition of
acidification at high ionic strength or in high HC1 solution with
pH lower than 2.0 the CYT-C leads to a compact high-spin state
lacking theMet-80 ligand which has been called as the moltenglobule (MG) state. However, there is no direct information of
local structure around Fe (III) ion in CYT-C in the MG and
unfolding states (denatured state).2-4)
In the present paper, we have determined local structure
around Fe (III) ion of CYT-C in denatured state using 20.0 x
10' 3 mol dnr 3 HC1 (pH = 1.80) and compared its local
structure with that in MG states generated by the increase of
NaCl concentration by means of EXAFS method.
Experimental
All chemicals (analytical grade) were employed without
further purification. The concentration of CYT-C was kept at
5.0 x 10"3mol dnr 3 during all EXAFS measurements.
EXAFS measurements were performed using
synchrotron radiation from the Photon Factory at the National
Laboratory for High-Energy Physics (KEK, Tsukuba). Fe Kedge X-ray absorption spectra were collected in a fluorescent
detection mode, using BL-6B with two S i ( l l l ) crystal
monochromators under ring operating condition of a positron
energy of 2.5 GeV, and a ring current of 350-200 raA. The
magnitude and imaginary parts of Fourier transform, <3>(r), were
obtained from EXAFS oscillation k3x(k).^)
In order to determine the structural parameters, the
Fourier filtering technique was employed. A non-linear leastsquares fitting was applied to the filtered data according to the
EXAFS formula.^) The three-shell fitting was employed for the
parameter fitting. The shells were divided into a shell of the FeN scattering between the Fe (III) ion and four imidazole N
atoms in porphyrin ring, that between the Fe (III) ion and an N
atom in His-18, and a shell of Fe-S scattering between the Fe
and an S atom in Met-80. The scattering atoms in the first, the
second and the third shells are N atom in the porphylin ring, and
axial N and axial S atoms to the porphylin ring, respectively,
whose atoms are represented as N(eq), N(ax) and S(ax).
Results and Discussion
The three shell fitting was also applied to the inverse
Fourier-transform spectrum derived from the O(r) in the r-range
of 1.24 A to 2.27 A for CYT-C in 0.1 mol dnr 3 phosphate
buffer solution of pH = 7.00. In a case of application of the
same N's as those of CYT-C powder, a(2)'s come to negative
values. When N's are fixed to 4, 2, and 1 for the respective
shells, a(2) converged to positive and reasonable values. X(k)
has been determined to be 0.652k A for all shells under the
values of N mentioned above. The least-squares fitting was
performed by employing X(k) = 0.652k A for all the data of
CYT-C in solutions.When N's in the second and the third shells
were parametrized under the condition mentioned above, the
best fitted values of /v*N(ax) an^ ^S(ax) ' n t n e second and the
third shells are found to be 1.8(1) and 0.99(5), respectively.
The value of NH(ax) shows that in addition to the N atom in
His-18 an atom with a similar atomic number to N atom
coordinates to the Fe (III) ion. This atom is supposed to be O
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atom in H2O. The value of A^S(ax) ' n t n e tn'r<* s n e " shows that
only an S atom coordinates to Fe (III) ion. rpe-N(eq)> TeN(ax) a n c ' 'Fe-S(ax) n a v e ^ )een determined to be 1.962(1) A,
1.963(3) A and 2.271(3) A, respectively. a(2)'s in the shells are
parameterized under the constrain of the three a(2) being equal.
The shape of <3>(r) in 20.0 x 10' 3 mol dm"3 HC1 aqueous
solution of pH = 1.80 is similar to that in the buffer solution.
N's in the second and the third shells have been determined to
be 1.7(3) and 0.81(6), respectively, from the inverse Fouriertransform spectrum of <J>(r) in the r range of 1.26 A to 2.27 A.
'Fe-N(eq). 'Fe-N(ax) a n d TFe-S(ax) a r e 1-978(9), 1.94(1), and
2.276(6) A, respectively. It can be concluded that the local
structure is not affected by the acid denaturation at pH = 1.80.
Figs. 1 (a) and (b) show the dependences of NN(ax)an<^
^S(ax) °f CYT-C in aqueous solutions with pH =1.80 on
various [NaCl]. /v*s(ax) decreases with increase in [NaCl]
below [NaCl] = 0.20 mol dm' 3 , and increases above [NaCl] =
0.20 mol dnr 3 - Ns(ax)'» [NaCl] = 0.40 mol dm"3 is nearly
equal to that in [NaCl] = 0 mol dm' 3 . On the other hand,
^N(ax) increase with increase in [NaCl] below [NaCl] = 0.20
mol dm"3 and decrease above that [NaCl]. WN(ax) ' n [N a Q] =
0.40 mol dm"3 is also comparable with that in [NaCl] = 0 mol
dm"3 in the same manner as Ns(ax) The results implies that the
local structure around Fe(III) ion of CYT-C in the aqueous
solution of pH = 1.80 is affected by addition of NaCl below
[NaCl] = 0.2 mol dm' 3 , but with increase in [NaCl] above
[NaCl] = 0.20 mol dm"3 it returns to the structure in the
aqueous solution of pH = 1.80. Namely, the local structure at
pH= 1.80 and [NaCl] = 0.40 mol dm"3 is similar to that in the
buffer solution of pH= 7.00. rp e _g( ax ) increases with increase
in [NaCl] below [NaCl] = 0.2 mol dnr 3 , and decrease above
that [NaCl]. Consequently, the denaturation-effect of addition of
NaCl on the local structure around Fe(III) ion of CYT-C in the
aqueous solution at pH =1.80 is the highest at the NaCl
concentration of 0.2 mol dm"3.
From the XANES spectra, heme-Fe ions of CYT-C in all
solutions are confirmed as Fe 3 + .
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factors clearly show an anomaly around Tc. However, the
Debye-Waller factor of EXAFS observes an atomic vibration
in <100> directions which are orthogonal to the direction of
the atomic displacement of the O atom due to the soft mode al
the Brillouin zone boundary. These anomalies don't indicate
the softening of phonon mode directly. We are still
considering these anomalies of o ^ ) and c/^) n e ar the phase
transition temperature.
0.4r

Introduction
Many cubic perovskite crystals undergo phase
transition, where they transform to slightly distorted
structures from the ideal perovskite structure. The aim of this
study is to investigate a local structure of crystals in which
the soft phonon mode was observed. We investigate the
Debye-Waller factor of KTaO3 and SrTiC>3, which are regarded
as quantum paraelectrics, by using the EXAFS (Extended Xray Absorption Fine Structure) technique. We previously
reported the Debye-Waller factors of the Ta-O atomic pair in
KTaO3 at low temperatures [1]. Here we report anharmonic
thermal vibration of the Ta-0 atomic pair in KTaC>3 above
room temperature and that of Ti-O atomic pair in SrTiO3
Experiment
The sample of KTaO3 was prepared as a thin film by
precipitating on a BN disk for measurements at high
temperatures. X-ray absorption spectra were measured using
an EXAFS facility installed at the beam line 10B. EXAFS
spectra near the Ta-Lm edge were obtained from room
temperature up to 700 K. The powder sample of SrTiO3 was
dusted onto scotch tapes and held by Al foils to keep
temperature uniformly. EXAFS spectra were measured near
the Ti-K edge from room temperature down to 60K at the beam
line 6B.
Results and discussion
The EXAFS function x(k) was extracted from the
absorption spectrum following the standard procedure. The
programs XAFS93 and MBF93 were employed for the EXAFS
data analysis. To determine local structure parameters taking
account of an anharmonic thermal vibration, we used an
EXAFS formula based on the single scattering theory and
expressed by the cumulant expansion up to fourth-order term
[2]. We examined the local structure around a Ta atom which
locates on the center of an O octahedron in KTaO3. The
fourth-order cumulant &•**' was found to be almost negligible
within the estimated standard deviation at temperatures from
24 to 700 K. On the other hand, the third-order cumulant
c/3), which referred to an asymmetric atomic motion and
responsible for the thermal expansion, appears above 500 K
as shown in Fig. 1. Although the Ta and O atoms locale
statistically on the centro-symmetric position, we can detect
the third-order term in the expansion of the potential between
the Ta and O atoms by the EXAFS technique. This is a feature
of the EXAFS technique in comparison with the diffraction
technique.
We examined the local structure around a Ti atom
which locates on the center of an O octahedoron in SrTiC>3.
SrTiO3 undergoes a phase transition Tc = 110 K due to the
condensation of R25 phonon mode at the Brillouin zone
boundary [3]. Although the c/~' of the Ti-O atomic pair in
the harmonic model shows no anomaly around Tc,
discrepancy factors between the theoretical and experimental
EXAFS functions increase below 150 K, implying that an
anharmonicity of atomic vibration increases. Thus we
adopted an anharmonic vibration model. Figures 2 and 3
show the temperature dependence of the Debye-Waller factors
/ 2 and t 0 ) of the Ti-O atomic pair. The Debye-Waller
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By carefully examining the structural parameters
in Table 1 and the atomic structures of some Fe3+
hydroxides and oxides crystals, such as goethite,
akageneite, lepidocrocite and hematite, the following
structural features of Fe(OH)3 in aqueous solution have
been reduced.
The fundamental unit structure is FeO6 octahedra. They are connected by edge and double-corner
sharing linkages and form a network consisting of
double octahedral chains. It appears that in aqueous
solution, water molecules may exist in vacant sites
between these chains.

Introduction
Various Fe oxides, oxyhydroxides and hydroxides are widely distributed in soils, minerals rivers, sea
water, etc., and playing an important role in our environment, biological actions and industrial activities.
The atomic structure of ferric hydroxides, however, is
little known in the early stage of the hydrolytic behavior
of ferric ions. In the present study, the ferric hydroxide
Fe(OH)3 in aqueous solution was studied by the
anomalous x-ray scattering (AXS) and EXAFS methods.
Experimental
A ferric hydroxide Fe(OH)3 was precipitated from
Fe(NO3)3 solution by adding NaOH aqueous solution.
The precipitated Fe(OH)3 was rinsed with distilled
water in order to remove free NO " and Na+ ions. The
AXS and EXAFS measurements at Fe K absorption
edge were carried out at the beam line 6B.

K.Shinoda et al.Mater. Trans. JIM, 35 (1994), 394.
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Results
The Fe K EXAFS RDF for the Fe(OH)3 solution
in Fig.l consists of three peaks indicated with arrows.
By consulting the crystalline data of some Fe3+ hydroxides
and oxides, these three peaks are attributed to the first
near neighbors of Fe-0 and Fe-Fe pairs, and the overlapped second near neighbors of Fe-Fe and Fe-0 pairs.
The environmental RDF for Fe3+ in the Fe(OH)3 solution is also shown in Fig.2. The structural parameters
in Table 1 have been determined so that they explain
the EXAFS and environmental RDFs in Figs. 1 and 2,
simultaneously.
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Introduction
The III-V compounds are known to undergo pressure-induced phase transition from tetrahedrally coordinated structure into basically octahedral coordination. The octahedrally (and quasi-octahedrally) coordinated structure is either 6-Sn or NaCl-type. Appearance of the types is to a great extent governed by ionicity of the compounds; B-Sn type prevails at high
pressure in covalently bonded compounds while NaCl
type appears in much more ionic compounds. A critical ionicity for separation between B-Sn and NaCl
structures is around 0.3 on Phillips scale".
Earlier studies21 on AlSb have unanimously uncovered pressure-induced transition at about 8 GPa, but
the structural assignment for the high-pressure phase
has been controversial; R-Sn, NaCl, or otherwise,
orthorhombic. The appearance of the latter two structures, if correct, is interesting in view of the ionicity
0.25 for AlSb and the critical value.

b=4.96749A, and c=5.76600A. At approximately 28
GPa, AlSb-II transformed into AlSb-III. This new
transition has not been reported earlier. The 35.3 GPa
pattern for AlSb-III can tentatively be assigned to a
body-centered orthorhombic structure.

Experiment
A commercially obtained AlSb sample was pressurized in a gasketed diamond-anvil cell and x rayed with
a synchrotron radiation from BL-6B at a wavelength
of 0.6888 A. Diffracted x rays were recorded by an
imaging plate.
Results and discussion
Typical x-ray-diffraction patterns are shown in
Fig. 1. The pattern taken at 0.5 GPa can be basically
interpreted by zincblende-type structure.
There
apear several extra lines (marked by closed circles)
arising from impurities originally contained in the
sample. These lines however merge into stronger
peaks at higher pressures.
At 9.3 GPa, a drastic
change is recorded in the pattern, indicating an occurrence of a strucutral phase transition into a new phase
(AlSb-II). The pattern at 9.3 GPa can be
assigned to an orthorhombic lattice. The lattice parameters for AlSb-II at 21.8 GPa was a=5.27286A,
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Fig. 1. X-ray-diffraclion patterns of AlSb.
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Introduction
Diluted magnetic semiconductor Cdj^M
attracted considerable attention because of its novel
magnetic and magneto-optical properties derived from a
hybridization of Mn 3d and sp band states. Recently,
photoemission measurements have revealed that the Mn 3d
contribution to the valence bands of Cdi_^MnxTe is almost
unchanged with x. 2) This result suggests that the local
coordination around Mn atoms is almost independent of x.
In this study, we have performed EXAFS experiments for

2.85

2.80 *

Experimental
Cd, Mn and Te tf-edge EXAFS spectra of
Cdi_xMnxTe (x = 0.10, 0.18, 0.32, 0.40, 0.48, 0.60 and
0.69) were measured in the transmission mode at BL-10B,
6B and 14A, respectively. All measurements were
performed at 50 K. Samples were prepered using a
Bridgman method. The samples were checked by x-ray
diffraction and electron-microprobe analysis. The analysis
of EXAFS data was performed by means of the wellestablished procedure.

2.75 -

2.70

Results and Discussion
Figure 1 shows Cd-Te (closed circles) and Mn-Te
(open circles) bond lengths in Cdi^Mn^Te obtained from
Cd and Mn K-edge EXAFS spectra. Solid line exhibits the
averaged cation-anion bond length obtained from x-ray
diffraction. One notice that the Cd-Te and Mn-Te bond
lengths in the alloys are almost unchanged with x and nearly
equal to those in pure CdTe (2.80 A) and hypothetical zincblende type MnTe (2.74 A), respectively. These results are
in contrast to those by x-ray diffraction.
Figure 2 shows the Fourier transform of Te #-edge
EXAFS function £2%(£) for Cdo.82Mno.i8Te- The first peak
at 2.5 A is assigned to a mixed contribution of Cd and Mn
coordination. We can also recognize a second peak at 4.3 A,
which is attributed to the 12 Te coodination (second nearest
neighbors around absorber Te atoms). Te-Cd and Te-Mn
bond lengths in the alloys obtained by analyzing the first
peak are consistent with those in Fig.l within ±0.01 A.
Present EXAFS results well explain jc-independent
Mn 3d states in Cdi-^Mn^Te revealed by photoemission
measuments.2) In order to determine detailed coordination
around Mn atom such as bond angle of the MnTe4 cluster,
the analysis of the second shell around the Te atoms is now
in progress.

Fig. 1 The Cd-Te (closed circles) and Mn-Te (open
circles) bond lengths in Cdj^Mn^Te as a function of x.
Solid line denotes the averaged cation-anion bond lengths
obtained from x-ray diffraction.
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Fig. 2 Fourier transform of Te K-edge EXAFS function
k2x(k) for Cdo.82Mno.i8Te.
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Introduction
Crystalline dichalcogenides with a transition metal
are known to have a layered structure. Many interesting properties of these compounds, such as charge
density waves and intercalation chemistry, arising
from their low dimensional structure, have been extensively studied. On the other hand, the amorphous
state frequently shows better catalytic and electrochemical properties than the crystalline state. However, little is known about the structure and physical
properties of these amorphous chalcogenides. The
main purpose of this work is to present a new structural information of amorphous platinum disulfide (aPti-xS2) by applying the anomalous X-ray scattering
(AXS) method.0
Experimental
Amorphous Pti.xS2 was prepared by passing H2S
gas through H2PtCl6 aqueous solution at room temperature. The ordinary X-ray scattering measurement
was carried out with Mo Ka radiation. The AXS
measurements at the energies of -300eV and -25eV
away from the Pt Lm absorption edge were carried
out at the beam line 6B.
Results and Discussion
Figure 1 shows the ordinary and environmental
RDFs for Pt in a-Pt,.xS2. Referring to the crystal
structure of PtS2, the coordination numbers and
atomic distances at the near-neighbor region were
determined by the least-squares variational method.
The resultant structural parameters are summarized
in Table 1. It is found that a Pt atom is surrounded
with 5.3 S atoms at 0.235 nm, and the atomic distances of the first and third nearest neighboring S-S
pairs are 0.300 and 0.353 nm, respectively. No significant difference is detected in these parameters
between the crystalline and amorphous states. This
indicates that a fundamental structural unit of PtS6
octahedron in c-PtS2 remains in a-Pti.xS2. On the
other hand, it should be stressed that the structure of
a-Pti.xS2 is characterized by an additional correlation
of the second nearest neighboring Pt-Pt pairs. The
number of the first nearest neighboring Pt-Pt pair is
4.4 which is less than 6.0 in c-PtS2. The second
nearest neighboring Pt-Pt pair at 0.398 nm, which is
not present in the c-PtS2, shows its coordination num-
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ber of 1.1. The first and second nearest neighboring
Pt-Pt pairs correspond to the edge sharing linkage and
the corner sharing linkage of PtS6 octahedron, respectively. It is suggested from the structural point of
view that the open structure associated with a lower
packing density of corner sharing linkage is probably
one of the significant factors in determining the catalytic and electrochemical properties of a-Pti.xS2.
References
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Fig. 1: Ordinary and environmental RDF for a-Pti.xS2.
Vertical lines indicate the peak positions found in
crystalline PtS2 of CdI2-type structure.
c-PtS2(P3ml)
a-Pt l-xS 2
r /nm
r /nm
N
N
0.234
6
0.235
5.3
3.4
0.307
3
0.300
0.343
3
0.310
3.5
0.354
0.353
6
5.9
s-s
0.354
0.354
4.4
6
Pt-Pt
0.398
Pt-Pt
1.1
0.425
0.426
4.1
6
Pt-S
Table 1: Comparison of near neighbor correlations
for a-Pti.xS2 with those of crystalline PtS2.
Pairs
Pt-S
S-S
S-S
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Introduction
Recently, inter- and intramolecular distances in trigonal
selenium under high pressure have been investigated by an Xray diffraction method using conventional X-ray source (MoKa,
I =0.71069A, 50kV, 200mA)". However, the sufficient results
have not yet been obtained at pressure above 5 GPa because of
a low signal-to-noise ratio of the diffraction pattern. In order to
know the precise atomic position parameter in trigonal
selenium at pressure above 5 GPa, the X-ray diffraction pattern
has been measured using synchrotron radiation as an intense
X-ray source.
Experiment
Trigonal selenium was prepared by annealing of an
amorphous form with 99.999 % purity in high vacuum at 160 °C
for two hours. For the high-pressure experiments, the
diamond anvil cell technique was used. Pressure was
measured by the ruby fluorescence method. Angle-dispersive
powder X-ray diffraction experiments were performed using the
synchrotron radiation on beam line 6B at the Photon Factory
National Laboratory for High Energy Physics. The Xy-ray beam
is monochromatized to a wave length of 0.6888 A and was
directed to the sample through a pinhole collimator 80 fim in
diameter. The X-ray diffraction data at pressures up to 18 GPa
were collected with imaging
plate detector. The details are
described elsewhere.2'
The structural analysis was carried out by the Rietveldrefinement program RIETAN.
Results and Discussion
A previously reported phase 4>
transition from trigonal form
(Se-t) to intermediate one (Se-II) has been observed at about
15 GPa. As the Rietveld analysis for the Se-II has not yet been
performed, the result for only trigonal form is described
hereafter.
1
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Fig. 1 Observed & calculated X-ray diffraction patterns obtained at about 7
GPa by using conventional X-ray source (previous data) & synchrotron
radiation (present data), respectively.

Figure 1 shows the observed and calculated X-ray diffraction
patterns obtained by using conventional X-ray source (previous
data") and synchrotron radiation (present data), respectively.
Labeled G indicates a diffraction peak of metal gasket. The
signal-to-noise ratio of the present data is much higher than
that of previous data. The diffraction peaks in the present data
are sharp and clear over a wide diffraction angle and the gasket
peak is very weak compared with that of previous data.
However, an agreement between observed and calculated
diffraction patterns is not so good for the present data. The
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half-height-width of the calculated diffraction peak at high
diffraction angle is larger than that of the observed one.
The standard deviation for the atomic position parameter
is about 0.004, which is comparable to that obtained
before".
0.28

••
•
•
U
A

present date
previous data
McCam et al
Keler et al

10
Pressure [GPa]

15

20

Fig. 2 Pressure change in atomic position parameter

The pressure dependencies of lattice constants a and c
obtained at this time agree well with those obtained
before '. That is, with increasing pressure, the lattice
constant a decreases rapidly while the lattice constant c
increases gradually. The pressure dependence of atomic
position parameter*
is shown in Fig.2 and compared with
earlier data1'. The pressure dependence of this atomic
parameter change near 5 GPa, that is, the parameter
increases rapidly at pressure up to 5 GPa, becomes to be
almost constant near 5 GPa and increases gradually
afterwards. Since the trigonal selenium becomes from an
indirect gap semiconductor to a tellurium-like direct gap
one near 5 GPa5>, the change in pressure dependence of
atomic parameter may be related to the change in band
structure of trigonal selenium.
The pressure dependencies of inter- and intramolecular
distances which are calculated from lattice constants and
atomic parameter are in agreement with that obtained
before1'. With increasing pressure, the intermolecular bond
distance decreases rapidly while the intramolecular bond
distance increases gradually at pressure up to 5 GPa. At
pressure above 5 GPa, it is not clear whether the
intramolecular bond distance increases or not with pressure
because of large experimental error.
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Introduction
By turning the X-ray energy from synchrotron
radiation very close to the K absorption
edges of Ga and As. The rocking curves were
measured of GaAs 200 diffracted and transmitted beams in the symmetric Laue case.
The rocking curves of transmitted beam are
asymmetric with respect to the Bragg condition. It is found that the asymmetry of the
transmitted rocking curves is due to the
p h a s e of the crystal s t r u c t u r e factor.

Conclusion
If we denote the Fourier transform of the
real part of the X-ray polarizability as zhr =
I x\a I exp(i <20ir), the corresponding imaginary
part as %\^\ x\a |exp(i#hi), then the phase
difference is given by S=ah\ - ahr. Fig.2
shows the calculated rocking curves in the
symmetric Laue case based on the dynamical
theory of X-ray diffraction1) 2>. The parameter
W of the horizontal axis is proportional to
A #(#:diffraction angle). The thick solid line
shows the rocking curve of transmitted beam
for 5=% and the dashed line that for 6=0.
The thin solid line is the rocking curve of
diffracted beam for 5=0 and n. By comparing the curves in Fig.l and Fig.2, we
obtain that Fig.l(a) corresponds to the case
8=n and (b) to the case 3=0. In this way,
we can determine the phase factor S from
measured rocking curves. This approach is
generally applicable to the phase determination of crystal structure factor.

Experiment
SR at KEK-PF BL6C1 beam line was monochromated by the two crystal monochromator
using Si 111 reflection. The intensities of
the diffracted and transmitted beams from
the sample were detected by a scintillation
counter or an SSD. Fig.l (a) and (b) show
the observed rocking curves. The thick solid
line is the curve of the transmitted beam
and the thin solid line that of the diffracted
beam. The X-ray energy of (a) is 10502eV
which is above Ga K absorption edge and
(b) is 11805eV which is below As K absorption
edge. The intensity curve of the transmitted
beam (a) is asymmetric: The intensity in the
low angle side is lower than that in the high
angle side. The intensity increase is quite
steep. On the other hand, the asymmetry of
the curve in (b) is opposite.
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Fig.l The Measured rocking curves for GaAs 200.
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Fig.2 The calculated rocking
curves in the symmetric Laue case.
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Abstract

Linear Cu2* (S =1/2) inorganic chain compound CuGeO3 exhibits a spin-Peierls (SP) transition at 14 K. The present report
describes the existence of the strong fluctuation and/or the formation of order above 80 K associated with the appearance of the
satellite reflection with h/2 k 3/2 (h:odd, k:integer). It may lead to the explanation of the difference between the %(T) and the
Bonner-Fisher law. The temperature dependence of the b lattice constant and the integral breadth at 040 reflection is consistent
with the observation of the softening of the LA phonons along the b axis and the spontaneous strain Ab by Lorenzo et al.
The spin-Peierls (SP) instability is known to be specific
to quasi one-dimensional materials. The SP ground state requires
essentially the softening of the lattice and spin-phonon
coupling, i.e., it can be described as a lattice dimerization which
leads to the spin-singlet state with the gap opening in the spin
excitation spectrum. Hase et al. [1] found out that linear C u ^
(S=l/2) chain compound CuGeO3 (space group: Pbmm) is the
first inorganic compound which exhibits a SP transition at
14 K (T5 J . A series of evidences of the SP transition has been
reported, where there exists the dimerization of Cu-Cu pair along
the c axis associated with the gap opening in S=l/2 AF chain
[2-3].
In the structural aspects there exist interesting properties
above Tsp as indicated by Pouget et al. [2]. From the viewpoint
of the precursor phenomena of SP transition, organic compounds
could be classified into two categories [4]. The first group
includes charge-transfer (CT) complexes such as TTF-CuBDT
andMEM(TCNQ)2 which exhibit quasi-3D precursor phenomena
and their magnetic susceptibility %(T) perfectly obeys the
formula by Bonner and Fisher (B-F) (Class 1). The second one
is composed of CT salts as (D)^X (D=TMTTF andBCPTTF, X=PF6
and AsFj) which exhibit quasi-lD structural fluctuation and it
affects the B-F type x<J) below T=J (H=JISiS i+ i) (Class 2).
Pouget et al. [2] have emphasized that CuGeO 3 resembles the
Class 2 compounds. In CuGeO 3 , structural fluctuations are
decoupled between neighboring chains around 15-19 K and the
dimerized domains were observed up to at least 40 K from the
x-ray diffuse scattering study at 1/2 1 3/2. However, one of the
remaining problems is quantitative disagreement between the
measured %(T) and the B-F law as reported by Hase et al. [1]. In
the study of single crystal, the search in the reciprocal space
was performed by using the selected wave numbers as the
incident x-ray, k ( = l A , 0.653-1.886 A' 1 ). X-ray diffraction
measurements using the synchrotron radiation was carried out
atBL-6Cj at the Photon Factory. The Si (111) monochromator
was used under the negligible intensity of the X/3 contamination.
The incident x-ray is running parallel to the a axis. The diffracted
beam was projected on the imaging plate.

the present stage.
The remarkable feature of the present result at 80 K is the
sharpness of the satellite reflections at 1/2 k 3/2 (k=0,1,2,3)
etc. On the reflection at 1/2 k 1/2 (k=3,5,6) the temperature
dependence of the satellite intensity has been already reported
by neutron diffraction [2,3], in which these peaks clearly
show the critical behavior at T s p and x-ray diffuse scattering at
1/2 1 3/2 shows the quasi ID structural fluctuations above
about 19 K [2]. In our study, the integrated intensity at 1/2 3
1/2 gradually increases with decreasing temperature below 80 K
and it is enhanced below T . In contrast to the previous results
the present observation of satellite at 80 K shows the existence
of some kind of the formation of order. It is natural to consider
that it may strongly correlate to the deviation of the %(T) from
B-F law. In CuGeO3, the value of J is 120.4 K and up to around
J, %(T) may deviate from the B-F law due to the onset of quasi
ID structural fluctuation as reported by Pouget et al. [2] and
above -120 K %(T) may be inherently affected by the structural
instability triggered by the present satellite reflections. In this
respect, CuGeO3 rather belongs to a new type of the SP transition
other than two categories. The persistence of the present satellite
peaks up to high temperatures also indicates the existence of a
mode with low frequency.
In summary, the present report exhibits the existence of
the strong fluctuation and/or the formation of short-range order
above 80 K associated with the appearance of the satellite spots
at h/2 k 3/2 (h=odd, k=integer), which may give an explanation
of the difference between the observed x(T) and the B-F law [5].
The present work has been performed as a part of a project
(Proposal 93-G284) approved by the Photon Factory Advisory
Committee.
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X-ray diffraction patterns taken at 300 and 80 K (k=l .230
A"1). At 80 K satellite spots were observed and they were
assigned as h/2 k 1/2 (h+1: even, k: integer) with the reduced
wavevector q=(l/2,0,l/2), where the notation of the
crystallographic axes follows the space group Pbmm in which
the unique axis is taken as the c axis. The observed selection
rules are in good agreement with those for the reported SP
dimerized structure [3]. The reflection spots with h+l=odd such
as 1/2 0 1 were also observed. Such types of reflections can be
observed even at room temperature. Its origin is not clear at
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Introduction
CeNiSn is a semiconducting compound which is
known as a dense kondo system. The electronic specific
heat coefficient is 210 mJ/K mol from which the compound
classified into the heavy electron system. From the
electrical resistivity measurement, the gap of the
semiconducting band structure w as es timated to be between
5K and 8K '. At present the origin of this energy gap of
the electronic band structure is not known. One possibility
is that the gap is formed by the occurrence of the CDW
transition at low temperatures. CeNiSn has the E-TiNiSn
type orthorhombic crystal structure with the lattice
constants of a=7.542A, b=4.6009A, c=7.617A2). The
purpose of this experiment is to observe the crystal structure
change , if it occurs, by the SR X-ray diffraction of CeNiSn
single crystal and energy dispersive powder diffraction at
low temperatures below IK.

(a)

Experimental Procedures and the Results
The single crystal was grown by a Czochralski method.
A thin specimen was cut from the single crystal. The
specimen was attached to the sample holder of the dilution
refrigerator which is installed at BL-6C1. The lowest
temperature at which we took the Laue photograph of
CeNiSn was 240 mK.
The enlarged Laue spots are shown in Fig. l(a) and
(b). Fig.l(a) shows one of the expanded Laue spot taken
at 4.2 K with a beam size of 0.5x3.0 mm2. Fig.l(b) shows
the expanded photograph of the same Laue spot taken at
240 mK with a beam size of 0.5x2.0 mm2. In these result
the crystal possesses mosaic structure to a great degree,
we cannot find any special difference. We could not observe
any crystal distortion in either Laue photographs or energy
dispersive X-ray diffraction at carious temperature down
to240mK.
Very recently Takabatake et al. pointed out the
possibility of the coexisting of two phases which showed
anomalous temperature dependence of the electrical
resistivity and also the specific heat. From our experiment
we could not say the existing of two phases because that
the quality of the crystal was not so good to say it.

(b)
Fig. 1 one of the enlarged Laue spot of CeNiSn at
(a) 4.2K, (b) 240mK
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Introduction
Recently, amorphization from the quenched
high pressure phase on decompression has been
studied for many semiconductors [1-3]. Results
were analyzed by using a configuration-coordinate
model. The temperature dependence of the intensity of the diffraction peaks gives information
concerning the potential barrier AU between the
two phases of the before- and after-phase transitions. As the amorphization depends on AU, it
is interesting to study the path dependence of the
phase transition in III-V compounds with different strength and ionicity of bonds.
Experimental
X-ray diffraction measurements at high pressures and low temperatures were carried out by an
energy dispersive method using a synchrotron radiation from a bending magnet(BL-6Cl)[4]. Pressure was generated by a diamond anvil cell with
bellows which enabled us to change pressure continuously even at low temperatures.

Results and discussion
When pressure was released at low temperature, the high-pressure phase was quenched. In
GaAs, amorphization from the quenched highpressure phase occurs from 140 K to 260 K when
temperature is increased at 5 GPa. Fig. 1 shows
some examples of x-ray diffraction patterns for
GaAs measured at 20=11.5°. Results are summarized in Fig. 2.
In GaP, similar amorphization was observed
on decompression from 27 GPa at constant temperature; from 8 GPa to 6 GPa at 90 K, from
11 GPa to 6 GPa at 130 K, and from 17 GPa
to 14 GPa at 300 K. At 300 K, however, diffraction peaks from the zincblende phase were also
observed. The transition pressure decreases with
decreasing temperature.
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Fig.2 Phase diagram for phase transitions from
the quenched high-pressure phase along various
paths for GaAs.
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Introduction

energy resolution was 520 eV for 6-keV x rays.
When the noise shielding is made more
completely, the energy resolution will be
improved.

Superconducting tunnel junctions are expected
to exhibit an excellent energy resolution for x-ray
detection. The energy resolution has already been
reported to reach values by a factor of 2 to 4 better
than silicon detectors. *)
Synchrotron radiation is capable of producing
intense x-rays. Monochromatic x rays of different
energies are available in high intensity beams, and
they are useful in wide fields of science and
technology. We are interested in the application of
superconducting tunnel junctions to synchrotron
radiation experiments. Nb-based tunnel junctions
are tested at x-ray energies of 4 to 15 keV by
means of synchrotron radiation.
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The junctions were fabricated at the
Electrotechnical Laboratory (ETL) with a
photolithographic method. We followed the
method that had been developed by Nakagawa et
al. The junctions are constituted by a trilayer of
Nb/Al/AlOx/Nb. The thickness of base Nb, Al
and top Nb was 50, 10 and 650 nm, respectively.
The junction area is 100x100 /an 2 in size.
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Fig. 1 Spectra obtained by 100 //m x 100 ftm
junction for x rays of 4 to 15 keV.

Measurement of synchrotron radiation
The experiment was carried out at the BL6C1
of Photon Factory of KEK. The junction
experiment was made at a temperature of 0.4 K by
the use of a 3 He cryostat having a Be window for
x-ray entrance. Spectra obtained by the 100 pm
junction are presented in Fig. 1 for x rays of 4 to
15 keV. A full energy peak is seen-for irradiation
of 6-keV x rays, but it becomes more unclear with
increasing x-ray energy. Although the junctions
were suffered from very noisy circumstances, the

Conclusion
The Nb-based tunnel junction was
demonstrated to work in the circumstances of the
synchrotron radiation facility.
References
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Introduction

Discussion

An x-ray microprobe has been expected to be a
promising analytical tool for spectroscopic and structural
studies of the elemental constitution of matters with
spatial resolution. Detectable signals are fluorescent xrays, photoelectrons, EXAFS and so on. Although these
signals are examined rigorously in the spectroscopic
study, only a few experiment on micro-analysis have been
reported.
Recent advances in x-ray optical elements made it
possible to design various types of x-ray microprobes.
Among them grazing incidence mirrors are the most
convenient focusing elements because they can be used for
the wide spectral range.
Very accurate fabrication techniques for focusing
elements are required to obtain a small x-ray spot less than
one micron. Aspheric mirrors answer this purpose because
these are now being rapidly developed in the study of x-ray
microscopy.
In this report we show that partially coherentx-rays are
useful to evaluate the aspheric grazing incidence mirror
which is designed for producing x-ray microbeam.

In this focusing test, the spot split into four. This
result was caused by the figure error of the mirror. When
highly collimated beam was used for the evaluation of
mirror surface, we must consider the spatial coherence.
The spatial coherence of the horizontal axis is approximated by the product of the wavelength and the inverse of
the beam divergence. In our case It is about 24jjim. The
meridional spot size was roughly limited by the numerical
aperture of the mirror. The vertical- spatial coherence is
determined by the widths of three slits. The well defined
evaluation of mirror surface can be made by considering
these limits.
Detector

Paraboroidal
mirror

PF storage ring

A
Si (311) Channel-Cut
Monochromator

Slit 111

Experimental and Results
We examined focusing test with a paraboloidal mirror
at BL-6C2. A schematic diagram of microbeam optics is
shown in Fig.l. Instead of using an ellipsoidal mirror a
paraboloidal mirror was used because it does not require a
long source-to-mirror distance.
Incidence x-rays to paraboloidal minor were monochromatized 1.377A(9keV) by a Si(311) channel-cut monochromator, and collimated by a single Si(333). The energy
spectrum of the collimated beam was examined with the
SSD (pure Ge). The result showed that high energy x-rays
(27keV) which reflected from the first monochromator
were cut by the Si(333). The beam divergence of the
collimated beam is estimated about 6(xrad by DuMond
diagram.
In this focusing test, the spot split into four when the
incidence beam size was 160(meridional)x400(sagittal)
M-m (Fig.2). As the result of selecting best focusing spot
with SlitUI, the spot size was 5.5(meridional)x5.0
(sagittal)fxm(Fig.3).Then the incidence beam size was
30x150urn.

97.4 deg

Slit I
Si (333)

Slit 11

Fig.l X-ray microbeam optics

Fig.2 Spot (the incidence beam size 160x400

.**>••

.

•„.

1 0 yum

Fig.3 Spot (the incidence beam size 30x150
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Introduction
It has been reported that the core level
excitation to a a*-type of unoccupied orbital
results in high ion-desorption probability in some
adsorbate systems. ^ To clarify the role of the
core-excited states involving the o orbital in the
iqn-desorption process, the kinetic energy released
distribution (KERD) of H+ ions desorbed from
H2O-cJiemisorbed Si(100) was measured at O
\s—><7O_H resonant.
Experimental
The experiments were performed using soft Xray beam line 11 A. Ions were detected and
analyzed by 2 a time-of-flight (TOF) mass
spectrometer ^ using a pulsed synchrotron
radiation. The resolution of excitation and kinetic
energy were about 6 and 3 eV, respectively. The
sample was cleaned by standard procedures to
form the (2x1) surface. 10L saturation exposure
of the substrate to H2O was carried out.
Results and discussion
The
KERDs
calculated from the TOF profiles
of H+ ions obtained with the photon energies of
500 and 535 eV are shown in Fig. 1. To
investigate details of changing the KERDs with the
primary excitation energy, the KERDs were
decomposed into four Gaussian distributions.
Using a least-squares fitting method, the
parameters of the distributions were determined;
The peak energies (and full widths of half
maximums) of each component are 2.8(1.29),
5.0(1.44), 7.8(2.23), and 11.3(3.16) eV, which are
denoted as a to 6, respectively. Figure 2 (a)-(d)
show intensities for these components as a
function of photon energy. All the intensities of
the kinetic energies components markedly depend
on the primary excitation energy, and exhibit
some characteristic thresholds, which are features
of 1 (Si L-shell excitation), 2 ( 0 Is —> GO-H
resonant), IP(O Is photoionization), 3(shake-up
ionization), and 4(shake-off ionization) depicted
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Fig. 2 (a)-(d)the intensities of four kinetic energy
components, (e)O+, (f)H+, (g)Auger electron, and
(h)partial electron yield spectra.
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on the top of Fig. 2. These findings indicate that
several different desorption channels open at these
thresholds. In particular, the highest kinetic
energy [Fig. 2(d)] ^component significantly
increases at O Is—>cro_H resonant. This can be
explained by the fact that the two-hole oneelectron final states through the spectator Auger
process are repulsive.
Moreover, a delayed onset of Fig. 2(d) at about
570 eV+ is consistent with those of H+ total yields
and O total yields. The onset can be explained by
the formation of multiple charged cation
following shake-off ionization, where their strong
localization and repulsiveness lead to desorption.2?

5
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Kinetic Energy of H+ / eV

20

Fig. 1 Decomposition of the kinetic energy distributions

2)

into four components which are expressed by
Gaussian distributions.
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Introduction
Adsorption of sulfur dioxide SO2 has recently become
an attractive subject. We have investigated surface
structures of SO2 on N i ( l l l ) and Ni(100) surfaces by
means of S K-edge XAFS spectroscopy [1], and have
clarified that the SO2 molecule is lying nearly completely
flat and the S atom locates at the bridge sites on both the
Ni(lll) andNi(lOO) surfaces. In the present work, we have
measured UPS of submonolayer SO2 adsorbed on Ni(100).
On the basis of the present results, the nature of the
chemical bonds between SO2 and Ni are discussed.
Experimental
A clean and (1 x l)-ordered Ni(100) crystal was dosed
with 5 L SO2 at 170 K. The S coverage can be estimated
to be ~0.4 ML. UPS measurements were carried out at the
plane grating monochromator station BL-7A. UPS data
were taken with polar angles 8 of an electric-field vector E
of the incidence photon (49 eV) were chosen as 90"
(normal incidence) and 20° (grazing incidence). The
photoemission polar angles a with respect to the surface
normal were 70° (glancing emission) for 6=90° and 0°
(normal emission) for &=20\ respectively.

of the 2b] orbital with the substrate Ni than the other a
orbitals in peak B. This can be easily understood since the
2bj orbital is of out-of-planar n bonding character and the
molecule is lying flat on the surface. It should be also
noted that a new feature labeled N was found at ~3 eV as a
shoulder. In the previous studies [2] the band was assigned
to the 3b} level, which corresponds to the lowest
unoccupied molecular orbital in a free molecule and is of
31* character. The observation of the 3bj level thus
provides a direct evidence for a partial occupancy of the n*
orbital due to the charge transferfrom the substrate.
The bonding nature between SO2 and the Ni surface
should be exclusively of JI interaction; the S lone-pair
orbital, which is regarded as a highest occupied molecular
orbital and is important for the interaction of o donation,
does not play an essential role for the present bonding
nature, and SO2 acts dominantly as a JT acceptor.
References
[1] T. Yokoyama et al., Surf. Sci., 324, 25 (1995).
[2] Y. -M. Sun et al., Surf. Sci., 319, 34 (1994).

Results and Discussion
Figure shows differences of ultraviolet photoemission
spectra between submonolayer SO2/Ni(100) and clean
Ni(100). Peaks A, B and C can be assigned to the oneelectron orbitals of adsorbed SO 2 molecules. Peak C is
derived from the 6aj (S3s) orbital, which lies lower by
~0.8 eV than that of solid SO 2 . This lower-energy shift
can be ascribed to initial-state charge transfer and final-state
relaxation effects of submonolayer SO 2 . Peaks A and B
show significant angular dependence because of
contributions of different states depending on detection
geometries. Peak B appears in the normal emission
spectrum at a lower energy side than in the grazing
incidence. Taking account of the selection rule, this
implies that the 2bj orbital is more significantly shifted to
a lower binding energy side, indicating stronger interaction
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Fig. Difference of UPS between submonolayer SO2/Ni(
100) and clean Ni(100).
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Introduction
Structural and electronic properties of SO2 adsorbed
on metal surfaces are quite interesting because of
bifunctional natures of a Jt acceptor and a donor. Recendy
we have investigated surface structures of SO2 on Ni(111)
and Ni(100) surfaces by means of S K-edge XAFS
spectroscopy [1], and have clarified that the SO2 molecule
is lying nearly completely flat and the S atom locates at
the bridge sites on both the Ni(l 11) and Ni(100) surfaces.
In order to obtain further information around the O atom,
we have measured O K-edge NEXAFS of submonolayer
SO 2 on Ni(100).
Experimental
A clean and (1 x l)-ordered Ni(100) crystal was dosed
with 5 L SO2 at 170 K. The S coverage can be estimated
to be -0.4 ML. Angular dependent O K-edge NEXAFS
measurements were carried out at the plane grating
monochromator station BL-7A. A partial electron yield
mode with a retarding voltage of -400 V was employed.

the a*(O-S) resonances by 1.0 eV was observed compared
to the multilayer one. It is well known that the energy
position of the a* resonance is strongly correlated to the
corresponding bond length; as the bond length is greater,
the energy position is getting lower. The present result
indicates the elongation of the S-O bond. The S K-edge
NEXAFS has given a similar lower-energy shift of 1.7 eV
and moreover the S K-edge SEXAFS has revealed the
elongated S-O bond length by 0.08 A [1], being in good
accordance with the present finding.
The n* resonance in the 55° incidence spectrum is
more than two times of magnitude suppressed compared to
the solid one. The suppression should originate from a
partial occupancy of the 31* orbital (charge transfer from
the Ni 3d bands to the SO2 31* orbital) or, in other words,
from strong mixing between the 31* orbital and Ni 3d
bands.
The bonding nature between SO 2 and the Ni surface
should be exclusively of JI interaction; the S lone-pair
orbital does not play an essential role for the present
bonding nature, and SO2 acts dominantly as a n acceptor.

Results and Discussion

References

Figure shows O K-edge NEXAFS spectra of
submonolayer SO 2 on Ni(100), together with that of
multilayer SO 2 . Since multilayer SO 2 is randomly
oriented, only the 55° incidence spectrum was measured and
is shown in Figure. Two intense resonances in the
spectrum of multilayer SO2 were observed at 530.7 and
535.9 eV and are ascribed to the transitions of Ols-to-jt*
and01s-to-o*(0-S), respectively. Submonolayer spectra,
on the contrary, exhibit noticeable polarization dependence.
Comparing tihose to the multilayer spectrum, we can easily
assign the two features at 530.7 eV and 534.9 eV to the n*
andcr*(O-S) transitions, respectively.
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The o*(0-S) resonance at 534.9 eV is most enhanced
at normal X-ray incidence and almost diminished at grazing
X-ray incidence, while the 31* resonance is maximized at
grazing incidence. These facts directly imply the flat-lying
orientation of the molecular plane, being consistent with
the S K-edge XAFS results [1]. The lower energy shift of
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Introduction
It has been shown that surface states strongly
depend on the atomic structure of surfaces. A
stepped single crystal surface can be formed where
steps are periodically arranged. Each row of steps
is separated by a terrace plane that is composed of
several atomic rows. This makes one dimensional
arrays of step rows on the surfaces. As a function
of localization of electrons, new electronic states
(electronic step states) must appear at the steps.
Such electronic states exhibit more or less one
dimensional character of the surface. Up to now, it
has been believed that no elecronic step states
exist on stepped metal surfaces, because of
delocalized nature of electrons in metals. Recently,
we found the direct proof of the existence of the
electronic step states on the stepped surface of
Ni(7 9 11) by means of angle resolved
photoemission spectroscopy (ARUPS).1 In this
report, we show a new evidence of the electronic
step states of Ni(7 5 5) surfaces by ARUPS,
although the present experiment is still
preliminary.

T is more clearly shown in Fig. 2. At the present
stage of the experiments, the quenching rate of
both peaks is probably similar. In the case of the
Ni(7 9 11) surface, the electronic step states is
much surface sensitive than the terrace one. These
results show one of the characteristic nature of the
surface steps with the different structures.
The dispersion relation of the electronic states
of the Ni(7 5 5) surface is still under investigation.
It was also found that the electronic step states
shows no dispersive feature, along the direction
perpendicular to the step.
References
1) H. Namba et al., Phys. Rev. Lett. 71 4027
(1993)
2) H. Namba et al., Rev. Sci. Instrum. 60 1917
(1989).
3) F. J. Himpsel et al., Phys. Rev. B 19 2919 (1979)

Experimental
ARUPS measurements were performed using
the beam line type of ADES-400 (VG) installed at
BL-7B.2 The incident angle of synchrotron
radiation was 70' from the surface normal. The
sample surface of Ni(7 5 5) was cleaned by
repeated cycles of Ar+ ion bombardment and
annealing at the temperature of ~1000 K. The
clean surface was confirmed by Auger electron
spectroscopy and low energy electron diffraction.

Figure 1 Normal emission ARUPS spectra of
clean and O2 dosed Ni(7 5 5).

Results & Discussion
Figure 1 shows the photoelectron spectra
measured at the normal emission on the clean and
the oxygen adsorbed surfaces. On the clean
surface, three peaks denoted as S, T, and B are
observed. By the adsorption of oxygen, the peak
intensities of S and T decrease, but peak B is
invariant. Referring the previous ARUPS results
of the surfaces Ni(7 9 11) and (111),3 peaks S andT
can be assigned to the step and terrace electronic
states, respectively. Peak B is due to the bulk
bands. The change of the peak intensities of S and

E-E.(eW)

Figure 2 Difference spectra between (a) and
(b), (c) or (d) in Fig. 1.
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INTRODUCTION

i?j, the radial vector from an absorbing atom to
j-th neighbor; a(n) (n=2, 3), the 2nd- and
3rd-order moments, and o(i\ the 4th-order
cumulant. To determine accurately these values,
the number of neighboring atoms was fixed the
crystallographic value. The parameters of AE0
and 7? were first determined so as to fit to the
spectrum at 20K, and then they were fixed for
the spectrum at higher temperatures.
Figure
l(a)-(d) shows RCu.o and a(n) (n=2-4). These
parameters
monotonically
decrease
with
decreasing temperature from 300K to 100K. It
clearly shows, however, that they yield an
anomalous behavior in a limited temperature
range around Tc: Rnu.o and a(3) anomalously
increase, whereas a (2 ' and a(4> show a peculiar
decrease. This overall feature is in agreement
with our previous results [1-3]. It suggests that
the anharmonicity in lattice vibration correlates
with the superconductivity.

In spite of intense effort, no consensus has
been reached on the microscopic mechanism of
superconductivity in Cu-oxide materials. The
anomalous temperature dependence of structure
parameters has been reported by EXAFS
measurements around Tc for YBa2Cu307.a and
the related materials[l,2].
It is, however,
important
to
verify
quantitatively
the
dependence. To confirm our previous results, we
made
the
polarization-dependent
EXAFS
measurements on the magnetically oriented
YBa2Cu307.6 under
two configurations of
parallel ( e II c) and perpendicular (e J_c) to the
c-axis, where £ denotes the X-ray polarization
vector.
EXPERIMENTAL
The polarization-dependent Cu HT-edge EXAFS
spectrum was taken in the transmission mode on
the beamline 7C.
A Si(lll) double-crystal
monochromator was used by detuning to reject
higher harmonics. The photon energy E was
calibrated by assigning 8.9788KeV to the
pre-edge peak at the K-edge in Cu foil. The
temperature variation was measured using the
closed-cycle He refrigerator. The temperature
was monitored using the Si diode sensor
attached to an Al holder.

References
[1] S.D.Conradson, I.D.Raistrick and A.R.Bishop:
Science 248 (1990) 1394.
[2] H.Yamazaki et al., Physica C185-189 (1991)
879.
[3] HMaeda, A.Yoshiasa, KKoto and T.Ishii:
Solid State Ionics 40/41 (1990) 345;
H.Maeda: (unpublished).
[4] T.Ishii: J.Phys.:Condens.Matter 4 (1992)
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DATA ANALYSIS
The EXAFS function % (k) was extracted from
the observed spectrum by using the program
"XAFS93"[3]. Improved background subtraction
and normalization methods were used.
A
nonlinear least-squares fit for both Cu2-O23 and
Cuj-O! contributions was performed over
ft=3.7-14.7A'x on Fourier-filtered data (filtered
over the range £=2.5-18.oA'1, a backtransformed
over i2=l.O-1.9A) from 20K to room temperature.
Since the three distances of Cu2-O23 and C u r 0 j
in the a-b planes are very close, we treated their
average distance as the equatorial bond distance
Cu-Oeq (single-shell model).
0.00

RESULTS AND DISCUSSION

B0.00
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0.0D

80.00

160.00

J10.00

Fig. 1. Temperature dependence of (a) Cu-Oeq
distance, (b) 3rd-order-moment a(3), (c) 2ndorder moment a<2), (d) 4th-order cumulant a(4).

According to the polarized EXAFS formula[4],
we analyzed %(k) on the following parameters:
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Introduction
Recently, we have developed new superconducting
intercalation compounds of (HgX2)0 5Bi2Sr2CaCu2Oy (X =
Br and I) \ According to the previous communication ', it
was found that the mercuric halide molecules intercalate
inbetween Bi2O2 slabs along with remarkable lattice
expansion and a slight decrease in Tc. In order to
elucidate the origin of Tc evolution upon intercalation, we
have investigated systematically on the electronic and
crystalline structures of HgX2-intercalates using the X-ray
absorption spectroscopy (XAS).
Experimental
HgX2 (X = Br, I) - intercalated Bi2Sr2CaCu2Oy compo
-unds were prepared by the vapor transport reaction of
guest molecule and the pristine Bi2Sr2CaCu20y described
previously". X-ray absorption experiments for the HgX2intercalates were carried out on the beam lines 7C and
10B at the Photon Factory, KEK-PF with a storage ring
providing a 2.5 GeV electron beam at a current of ca.
300-360 mA. The curve fitting analysis for the Hg L m edge EXAFS spectra was carried out for the inverse
Fourier transformed k 3 x(k) of the first shell
corresponding to the Hg-X bonding pair in the Fourier
transform (FT).

oxygen ligand to the bismuth resulting in the stabilization
of 6deg orbital compared to 6dt2g one.
In addition to the evolution of electronic structure,
the intracrystalline structure of mercuric halide molecule
in the interlayer space of Bi2Sr2CaCu2Oy lattice was
investigated by the EXAFS analysis.
The Fourier
transforms(FT's) of k3-weighted Hg Lm-edge EXAFS
spectra for the HgX2-intercalates show the prominent FT
peaks at the R range of 2.0 A and 2.6 A, which are
attributed to the Hg-X shell. For the curve fitting
analysis, these peaks are back Fourier transformed into k
space as present in figure 1, together with the simulated
EXAFS signal. From the result of EXAFS curve fitting,
the coordination number of mercury in HgX2-intercalate
is found to be two for both intercalates and the bond
length of Hg-X is determined to be 2.46 A for HgBr2intercalate and 2.65 A for HgI2-one, those which are
slightly larger than that for gaseous species.

Results and Discussion
In the I L r and Br K-edges XANES spectra of the
HgX2-intercalates, a sharp white line, associated with
transitions from »s core level into unoccupied final np
states above the Fermi energy- level (EF), is observed.
Compared to that for unintercalated HgX2 molecule, the
intensity of this peak is reduced upon HgX2 intercalation
as observed in iodine intercalation^. As the intensity of
this peak is proportional to the density of unoccupied
final «p states, the observed intensity decrease apparently
indicates that the electron is only slightly transferred
from the host lattice to the guest HgX2 layer. In the
viewpoint of charge transfer, we have also examined the
effect of intercalation on the electronic and geometric
structure of host lattice by comparing the Cu K- and Bi
Lm-edge spectra of the pristine Bi2Sr2CaCu20y and its
HgX2-intercalates. In the Cu K-edge spectra, there is no
prominent change in the peak position and intensity,
indicating that the electronic structure and the local
symmetry of copper site are hardly changed upon HgX2intercalation. However, a comparison of Bi Lm-edge
XANES spectra for the pristine and its HgX2-intercalates
obviously demonstrates some characteristic variations in
spectral feature after HgX2-intercalation. First of all. the
edge energy is remarkably increased upon HgX2intercalation, indicative of the oxidation of Bi2O2 layer.
Secondly, the pre-edge peak near 13418 eV, whose
intensity is proportional to the density of unoccupied 5s
orbital, is enhanced upon intercalation, confirming the
oxidation of Bi2O2 layer. At third, the energy difference
between the main-edge peaks which correspond to 2s —>
6dt2g and 2s —> 6deg transitions3' is decreased upon
intercalation, which is due to the elongation of axial

Fig 1. k3x(k) of the Fourier filtered first shell data(o)
and their fits (—) from the Hg Lm-edge of (a)
(HgBr2)0 5Bi2Sr2CaCu20y and (b) (HgI2)0 5Bi2Sr2CaCu20y.
The structural parameters obtained from EXAFS
analysis demonstrate that the mercuric halide molecules
intercalated into host lattice is stabilized as a linear form
as in the gaseous state.
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INTRODUCTION
Recently, we reported that mercury or silver halides
could successfully intercalate into the 2-dimensional
B^SrjCaCuzOy superconductor.1"3
Among these new
series of intercalates, we have found that the Aglintercalated system could exhibit mixed conductivity with
a substantial ionic contribution.4 In this paper, we report
the intracrystalline structure of Agl which was determined
by the extended X-ray absorption fine structure (EXAFS)
spectroscopy.
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Ministry of Education (BSRI-94-3413), the Photon
Factory (proposal No. 92G196) and the Pohang Light
Source (proposal No. 92-012).

EXPERIMENTAL
The (AgI)Bi2Sr2CaCu2O), intercalate was prepared as
described previously.2 X-ray absorption measurements
were carried out at BL 10B and 7C in Photon Factory,
National Laboratory for High Energy Physics (KEK-PF,
Tsukuba, Japan). The EXAFS data were processed with
IBM PC version of UWXAFS II.
RESULTS AND DISCUSSION
Figure 1 shows the Fourier-filtered EXAFS spectra of Ag
K and I L m for the Agl intercalate, which are compared
with those of P-AgI within the photoelectron wavevector
range of k = 2 - 10 A"1. For the Ag K-edge spectra, both
amplitude and frequency for the Agl intercalate are almost
identical with those for (3-AgI (Fig. la). In case of the I
Lm-edge EXAFS (Fig. lb), even though there is little
change in frequency between (AgI)Bi2Sr2CaCu20y and PAgl , however, the amplitude for Agl intercalate is
reduced in the entire range of k space and especially the
amplitude depression at low k space is more pronounced
than at high k one, which indicates clearly the reduction of
coordination number around the central iodine after
intercalation. The non-linear least square curve fitting
results have shown that the bond distance of 2.78 A
between silver and iodine of the intercalated Agl was
almost the same as that of p-Agl (2.78 ~ 2.79 A). The
fitted coordination number (C.N) of silver in
(AgI)Bi2Sr2CaCu20y is nearly identical with that in p-Agl.
On the other hand, the C.N of iodine in
(AgI)Bi2Sr2CaCu20y becomes smaller than that in the free
P-Agl, which is due to the fact that the iodine of the
intercalated Agl should interact with the Bi atom in the
interlayer surface of B^S^CaCuzCy
Therefore, we
propose that the intracrystalline structure of the
intercalated Agl is formed as p-like structure in the 2dimensional interlayer space of Bi 2 Sr 2 CaCu 2 0 r

Figure 1.
The Fourier-filtered Ag K-edge EXAFS (a)
and I Lm-edge one (b). The solid and dashed lines
represent the experimental data and the calculated data,
respectively
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the reaction conditions. Considering the XANES
Introduction
results,
the shift of the main peak from the fresh
To meet an increasing demand for low-sulfur
catalyst
to the used one suggests that the oxide
petroleum products, there have been lots of
species in the fresh catalyst was converted into
studies aimed at the improvement of the
sulfide during the run. However, the formation of
hydrodesulfurization (HDS) catalysts. From the
C09S8 is not clearly observed. Thus, in spite of
practical point of view, another important issue
the aggregation of M0S2, the major part of Co
lies in the suppression of catalyst deactivation
atoms are not released from the edge of M0S2 in
during the hydrotreating processes. We have
the
used catalysts.
prepared a series of Co-Mo catalysts with various
In the present study, more active catalysts
loadings and exposed them to a commercial HDS
gathered larger amounts of C, Ni and V
run. In this study EXAFS method was applied
depositions, which have long been claimed to be
to the characterization of the freshly sulfided and
the major cause of the catalyst deactivation.
used catalysts to discuss the catalytically active
Recently, however, the aggregation of M0S2 stacks
sites and their changes during the run.
was claimed to be the main cause of the catalyst
Experimental
deactivation [1]. Further study is needed to
conclude to what extent the structural change
Four kinds of Co-Mo catalysts were prepared
contributes to the catalyst deactivation.
by coimpregnation of AI2O3. The Mo loadings were
9.3, 14.7, 20.7 and 34.7 wt% as MoO3 with a
Reference
constant Co/Mo molar ratio of 0.5. Each catalyst
1
S.
Eijsbouts
et
al.,
Appl. Catal. A Gen., 105.
was loaded in a stain-less steel basket and then
No.l
(1993)
53
and
69.
exposed to a commercial HDS run for a year. As a
reference to the used catalyst, each fresh catalyst
was sulfided in a stream of 5%-H2S/H2 (673K-2h).
The Mo and Co K-edge EXAFS measurements
were carried out in the transmission mode at BL10B and 7C of the Photon Factory.
Results and Discussion
Fig.l shows the coordination numbers of S
(N(S)) and Mo (N(Mo)) around Mo obtained from
10 15 20 25 30 35 40
the magnitudes of the two peaks in the Fourier
MoO3/wt%
transformed Mo K EXAFS spectra, which were
assigned to Mo-S and Mo-Mo in M0S2. The N(S)
Fig.l The N(S) (O) and N(Mo) ( • ) values of the
and N(Mo) for each used catalyst are much larger
catalysts obtained from Mo K EXAFS (opened;
than those for the corresponding fresh catalyst.
fresh, closed: used).
These changes are attributed to deeper sulfiding
S
of Mo species and larger M0S2 stacks in the used
catalysts. Transmission electron microscopy
(TEM) observation revealed no change in the
average number of layers per a M0S2 stack during
the run, in contrast to the increase in the M0S2
stack size which is consistent with the EXAFS
results. These results indicate that M0S2 stacks
grow in the lateral direction but do not grow in
the normal direction to the layers during the run.
0.0 0.1 0.2 0.3 0.4 0.5
r/nm
Fig. 2 shows Fourier transforms of the Co K
EXAFS of the fresh and used catalysts (MoO3=
Fig.2 Fourier transforms of the Co K EXAFS of
34.7 wt%), together with that of C09S8 which is
the fresh and used catalysts (MoO3=34.7 wt%),
thermodynamically the most stable species under
and C09S8.
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Introduction
ZnO ceramics containing l-3mol% of Bi2O3, La2O3,
Pr 6 O n , CoO, MnO and Cr 2 O 3 etc. to ZnO exhibit highly
nonlinear current-voltage characteristics, which are
called varistors. The varistor effect takes place at grain
boundaries within the ceramics. It is known that the role
of Bi2O3,La2O3 or Pr 6 On, whose ionic radius of cation is
much larger than that of Zn2+, is to form the grain
boundary layers. CoO and MnO are reported to improve
nonlinear ohmic coefficient. However, the coordination
states of Co and Mn ions, i.e., whether they exist in the
ZnO matrix or in the boundary layer, are not clarified. In
this study, the local structures around Co and Mn ions in
ZnO:ML, Co, Mn (M L =Bi, La, P r ) are analyzed.

system varied with the oxidized/reduced treatments. That
is, the oxygen content of LaMnO3+x varied. Whereas that
in the Bi-system was calculated to be 0.197nm and did
not change after the treatments. In the Bi-system, Mn
ions are also confirmed to take a trivalent state and a 6folded coordination by XAFS. In the La-system, the ratio
of Mn4+/Mn3+ was estimated by assuming that the
distance varied in accordance with Vegard's law, which
is shown in Fig 1. After the oxidized treatment,
approximately 60% of Mn ions were found to have a
tetravalent state.
Table 1. Co-0 distance obtained by
analyses for ZnO:ML, Co, Mn varistors.
Sample
ML=Bi
oxidized
sintered
reduced
ML=Pr
oxidized
sintered
reduced
ML=La
oxidized
sintered
reduced

Experimental
Samples were prepared by a solid-state reaction
among constituent metal oxides. The amount of additives
was fixed to be lmol% to Zn. The as-sintered samples
were devided into three. One was oxidized in an O2 flow,
another was reduced in an Ar flow, and the other was
annealed in an ambient atmosphere. Each treatment was
performed at 500°C for lh. The Co and Mn Kabsorption spectra were measured in a fluorescent mode
at the BL-7C station using the Lytle-type fluorescence
detector. Signals were accumulated for 3sec per point.
The XAFS data analyses were performed by using the
Program Library provided by Sakane.
Results and Discussion
Table 1 shows the Co-0 distance obtained by curvefitting analyses for ZnO:ML, Co, Mn varistors ( Mi^Bi,
Pr, La). In all the systems, the distance was calculated to
be 0.196-0.197nm and did not change even after various
treatments. If the Co ions take a divalent state and are
coordinated tetrahedrally by oxide ions, the distance
would be 0.196nm, calculated from their effective ionic
radius. These results suggest that the Co2+ ions are
occluded in the wurtzite-type ZnO matrix.
Our X-ray diffraction studies have indicated that Mn
ions in the ZnO:Bi, Co, Mn varistor exist as a form of
Mn2O3 and those in the ZnO:La, Co, Mn sample exist as
a form of LaMnO3+x. This difference appeared in the
shape of the respective Mn K-XANES spectrum.
It is of interest that the Mn-0 distance in the La-
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Figure 1 also shows the FT-EXAFS spectra of the
catalysts. All data are presented without phase shift
allowances which can be estimated to be about 0.40.5 A. All catalysts exhibit a strong peak at around
1.6 A which can be assigned to the neighboring
oxygen atoms (Ti-O). The Ti-oxide/Y-zeolite prepared
by an ion-exchange method (ex. Ti/Y) and Ti-silicalite
(TS-2A) catalysts exhibit only Ti-0 peaks indicating
the presence of the isolated titanium oxide species.
These results together with the results obtained by
XANES studies, indicate the formation of isolated
tetrahedral TiO4 species on the Ti-oxide/Y-zeolite
and Ti-silicalite catalysts.
On the other hand, Ti-silicalite (TS-2B) catalyst
with a high Ti content and the Ti-oxide/silicalite
prepared by an impregnation methodo (imp. T/SL)
exhibit an intense peak at around 2.7 A. This peak
can be assigned to the neighboring titanium atoms
(Ti-O-Ti) as well as a Ti-0 peak, indicating the
aggregation of the titanium oxide species in the
catalysts. The titanium oxides overflowed from the
framework of the Ti-silicalite (TS-2B) aggregated and
formed octahedral titanium oxide species.
From these results, it is concluded that a high
photocatalytic efficiency and selectivity for the
formation of N2 in the decomposition of NO
molecules was achieved on the Ti-oxide/Y-zeolite (ex.
Ti/Y) and Ti-silicalite (TS-2A) catalysts which are
consisted of the highly dispersed isolated tetrahedral
titanium oxide species. While, the formation of N2O
from NO molecules proceeded on the Ti-silicalite (TS2B) and Ti-oxide/silicalite (imp. Ti/SL) catalysts
which involve the aggregated octahedral titanium
oxide species.

Introduction
We have reported that the highly dispersed
titanium oxide catalyst with tetrahedral
coordination is prepared in the pore structure of
transparent Vycor glass and the catalyst exhibits a
quite high photocatalytic activity compared to the
bulk TiO2 powder. Along these lines, titanium oxides
included within zeolite cavities and frameworks are
prepared and utilized as the photocatalysts for the
direct decomposition of NO molecules at 275 K. In
the present studies, we deal with the
characterization of these catalysts using XAFS
measurements.
Experimental
Two types of Ti-silicalite having different Ti
contents (TS-2A: 2.3 wt%, TS-2B: 8.1 wt% as TiO2)
were prepared hydrothermally. The Ti-oxide/silicalite
(imp. Ti/SL: 8.0 wt% as TiO2) sample was prepared by
impregnating of silicalite with an aqueous solution
of TiCl3- The Ti-oxide/Y-zeolite (ex. Ti/Y: 1.1 wt% as
T1O2) sample was prepared by ion-exchange with an
aqueous titanium ammonium oxalate solution. The
photocatalytic reactions of NO molecules were
carried out at 275 K using a 75-W high-pressure Hg
lamp a>280 nm). The XAFS spectra (XANES and
EXAFS) were measured at the BL-7C facility of the
Photon Factory. The Ti K-edge absorption spectra
were recorded in the transmission mode or
fluorescence mode at 295 K.
Results and Disccusion
UV irradiation of various titanium oxide catalysts
in the presence of NO at 275 K led to the formation
of N2 and N2O. The photocatalytic efficiency and
selectivity for the formation of N2 are much higher
on the Ti-oxide/Y-zeolite catalyst prepared via an
ion-exchange method (ex. Ti/Y) and Ti-silicalite (TS2A) catalyst than those of other catalysts. While the
formation of N2O was found to be the major reaction
on the Ti-silicalite with a high Ti content (TS-2B)
and Ti-oxide/silicalite prepared by the impregnation
method (imp. Ti/SL).
Figure 1 shows the XANES spectra of Tioxide/zeolites and Ti-silicalites. The Ti-oxide/Yzeolite prepared by an ion-exchange method (ex.
Ti/Y) and Ti-silicalite (TS-2A) catalysts exhibit a
single, intense, pre-edge peak, indicating that the
titanium oxide species in these zeolite catalysts have
a tetrahedral coordination. As shown in Fig. 1-b, in
the case of the Ti-silicalite (TS-2B) catalyst with a
high Ti content, the pre-edge peak is very weak with
a shoulder, indicating that the catalyst consist of a
mixture of tetrahedrally and octahedrally
coordinated titanium oxide species. On the other
hand, the Ti-oxide/silicalite prepared by an
impregnation method (imp. T/SL) exhibits three
characteristic weak pre-edge peaks due to the
presence of the crystalline anatase TiO2-
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Fig.l. XANES (a-d) and FT-EXAFS (A-D)
spectra of (a,A) ex.Ti/Y, (b,B) TS-2A, (c,C)
TS-2B and (d,D) imp.Ti/SL catalysts.
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here that Ea is approximated by D. If the parameter a. is assumed to be constant, then a2 fa? is proportional to l/y/5 and we obtain a simple expression.
{a?/a2) = C(log>l — logfci), where C is an arbitrary
constant at a given temperature. In Fig. 1 are plotted the (r 2 /cr 2 ) 2 values against logfc] for the metal ions
in aqueous solution, where r is the nearest neighbor
distance. The straight line in Fig. 1 corresponds to
the C and log^4 values of 0.11 and 10.0, respectively.
The parameter A is the important parameter indicating the maximum value of the ligand exchange reaction
rate pertaining to the zero activation energy. It is remarkable that the value of A coincides with that for
the diffusion-controlled reaction in water (the order of

Introduction
There exist a few EXAFS applications to the study
of chemical reactivity of metal complexes in solution. A
correlation of the self-electron exchange rate constant
with the difference in the metal-ligand bond distance between two oxidation states was reported [1]. Recently, it
has been reported that the ligand exchange reaction rate
constant, fcj, of hydrated metal complexes in aqueous
solution is closely related to the EXAFS Debye-Waller
factor, <7-2[2,3] and is also related to the higher order
cumulant in EXAFS [3].
In this report, the relation between er2 and logfci is
predicted by combining a simple Arrhenius equation
and an expression for the Debye-Waller factor developed recently [4].
Experimental
All the K-edge absorption spectra were recorded in
a transmission mode at BL-6B and BL-7C in Photon
Factory. Si(lll) double crystal monochromators were
used. In order to reduce the higher order components
in X-ray, the second crystal was detuned or a quartz
mirror was inserted into the X-ray beam.
The solution samples were prepared by dissolving the
metal perchlorate salts. Perchloric acid was added into
the solution in order to prevent the hydrolysis.
The EXAFS interference function was extracted
from the absorption spectrum and was Fourier transformed according to the procedure described in ref. 5.
The backscattering amplitude and the phase shift are
those calculated by Mckale et al. using curved-wave
method[6]. In the EXAFS interference function is included the third order cumulant C3.
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Results and Discussion
The anharmonic potential between the metal ion and
water oxygen is assumed to be of the Morse function
as V(x) = D(e~2ax - 2e~ax), where x is the relative displacement in the interatomic distance, a is
the parameter for the width of the potential and D
is the dissociation energy. The theoretical approach
to the EXAFS Debye-Waller factor using the Morse
interatomic potential leads to a simple expression[4],
cr2 oc a2h/(8ica.*/2D) , where a is the lattice constant.
To the ligand exchange reaction in aqueous solution, we apply the Arrhenius theory, then ki =
Aexp^-E^/ksT), where EK is the activation energy and
A is the frequency factor. For simplicity, we assume
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Introduction
Many alloys and compounds of Ce exhibit anomalous
features such as the dense Kondo effect. The anomalies are
associated with partial delocalization of 4/electron due to
strong hybridization of the 4/orbital with the conduction
band, and to partial charge transfer to the partner element.
Recently, some of the present authorsL) performed high
pressure experiments for amorphous Al-Ce alloys and
found that the dense Kondo effect in the amorphous alloys
are suddenly enhanced by external pressure. Such a sudden
change in the dense Kondo state with pressure has not
been observed in crystalline alloys.2^ In this work,
fluorescence XANES spectra for amorphous Al-Ce alloys
under high pressure were measured by our developed
technique3^ and the changes in Ce valence with pressure
were estimated in order to understand the dense Kondo
state in the amorphous alloys.
Experimental
Amorphous Al-Ce thin ribbons were prepared by a
melt-spinning technique under pure argon atmosphere. CeLm XANES spectra were measured under various high
pressures using a beryllium gasketed diamond anvil cell 3)
and the focused synchrotron radiation source at the BL-7C
of the Photon Factory, KEK. We recorded fluorescence xrays of Ce-L radiation in order to estimate the absorption
of Ce-Z-in, or the excitation of electrons from the 2p^2
core level into the 5rf3;2 or 5d5l2 conduction bands. The
spectra were analyzed in the manner similar to that
proposed by Rohler.4) The detailed method of analysis was
described in our separate paper.5^

at 1.5 GPa, respectively. This indicates that the electron
transition from 4 / 1 to 4 / ° in the amorphous Al-Ce alloy
is rapidly promoted by only a little external pressure. We
already confirmed that pressure-induced 4/ electron
transition occurs in crystalline PdCe and GaCe alloys. 6)
However, the pressure dependence of Ce valence in the
amorphous Al-Ce alloy is incomparably larger than that
in the bulk crystalline alloys.
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Results and Discussion
Figure 1 shows fluorescence Cc-/. ra XANES spectra for
amorphous A^oCcgo under ambient and high pressure.
The solid lines arc our theoretical fits. At ambient
pressure (A.P.), the spectrum (a) exhibits only a single
white line, corresponding to Ce 3+ (4/ [ ). As the external
pressure is applied, another white line assigned to Ce 4+ (4/
°) is clearly appearing, and then the spectrum (b) at 1.5
GPa exhibits a typical doublet-profile which is
characteristic of the mixed-valence. Analysis of the Lm
data yields the Ce valence of V=3.07 at A.P. and V=3.19
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Introduction
Reduction of crystalline size to nano scale
sometimes drastically changes
physical
properties of materials. For example
softmagnetic propertiesare significantly improved
by decreasing grain size due to reduction of
magnetic anisotropy. Small amount of additives
often play key roles to form nano scale
crystallites which are precipitated from
amorphous by appropriate annealing meltquenched amorphous ribbons. A well known
example is Cu and Nb in Fe735Cu1Nb3SL5B9(1).
Cu in this alloy is believed to promote nucfeation
of a-Fe(Si) because Cu is insolvable in Fe. Our
previous XAFS work have proved that fee Cu
clusters precipitate prior to a-Fe precipitation'2'.
On the other hand Tomida(3) has found that Ga
addition to Fe73.)(GaxNb3Si11B9 also causes
nanocrystalline formation even though Ga is
solvable to cc-Fe. The aim of this study is to
know how Ga behaves during a-Fe precipitation
in order to know the role of Ga on the
nanocrystalline formation.

toward grain boundary where Si or B are more
abundant than the average. Such a transient
exclusion of Ga toward grain boundary of a-Fe
nuclei probably reduce surface energy of nucleus
and then promotes nucleation of a-Fe.
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Experiments and Results
XAFS measurements of Ga K-edge have
been done at BL 7C by transmission method
using Si(111) monochromator for the asq u e n c h e d and a n n e a l e d at
623K,
693K,713K,723K,783K and 893K for 1 hour.
After usual background subtraction and
normalization procedures using EXAFS2(4),x(k)
was obtained. Curve fittings were carried out
using theoretical parameters such as background
amplitudes.phaseshifts and photo electron mean
free paths which are calculated by FEFF5(5). The
details of the data analysis will be described
elsewhere'61. Fig.1 and Fig.2 show the results of
coordination number and mean square variation
a as a f u n c t i o n
of
annealing
temperature.respectively. It is noteworthy that
coordination number around Ga decreases
s h a r p j y at just the b e g i n n i n g
of
crystallization(723K). Coordination number is
estimated assuming all atoms are iron in the
analysis. Therefore it seems reasonable to think
that the decrease in coordination number around
Ga atoms can be attributed to the increase in Si
or B,B is more likely than Si. These XAFS results
suggest that at the beginning of a-Fe
precipitation Ga is excluded from a-Fe nuclei
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Introduction
The local structures around various metal ions in
aqueous solutions have been studied by use of NMR, X-ray and
neutron diffraction techniques. 1»2 Vorgin et al. have reported
that the coordination number, N, of H2O around Rb+ is 3.5 on
the basis of NMR spectrum of RbOH aqueous solution.!
However, it has been pointed out that the N is underestimated
owing to the weak magnetic interactions between Rb+ and H2O
molecules.^ The interatomic distance, r, around Rb + in aqueous
solution has not been experimentally determined so far.
In the present communication, the local structure around
Rb + in dilute aqueous solution determined by Rb K-edge
EXAFS method is reported.

metal ions in aqueous solution were made at the concentration
higher than ca. 1.0 mol dm"3, in which case the counter anion
might affect the local structure.^
Consequently, it can be concluded that the N and r
around Rb + in aqueous solution is approximately six and
2.90(3) A, respectively; the O atoms can be attributed to those of
H2O molecules. The effective ionic radius, reff, is estimated to
be 1.66 A. The value is in good agreement witti that determined
by Heyrovska.10
8

(a)

° -

Experimental
EXAFS measurements were performed by using
synchrotron radiation from the Photon Factory (PF) at the
National Laboratory for High- Energy Physics (KEK,
Tsukuba).^ The concentration of the solution was 1.0 x 10-2
mol dm"3. As reference samples, we measured the EXAFS
spectra of solid RbOH and rubidium hydrogen succinate
(RbC4H5O4; RHS). EXAFS spectra were collected in
transmission mode, using beamline BL-7C with two Si(l 11) flat
crystal monochrometors. The programs "XAFS93" and
"MBF93" were employed for the EXAFS data analyses.4 Figs.
l(a) and (b) show the Fourier transforms, 3>(r), of the EXAFS
oscillations, k ^ k ) , of RbOH aqueous solution and solid
RbOH at 300 K, respectively. O(r)'s of both samples exhibit a
pronounced peak around the r of 2.2 A corresponding to the
nearest neighboring atoms. The X-ray structural analysis of
solid RbOH shows that the Rb + is coordinated by six O atoms.5
Thus, the peaks are attributed to the Rb-0 scattering. The
coordination number, N, and the Rb-O distance, r, around Rb+
in RbOH aqueous solution were obtained by applying the
filtering technique^ to the pronounced peak which corresponds
to the range of 1.640-2.510 A. A non-linear least-squares fitting
was applied to the filtered data according to the EXAFS
formula."?
Results and Discussion
The analysis of EXAFS spectrum of RbOH aqueous
solution was carried out with X,(k) = 1.486k estimated from the
EXAFS spectrum of RbOH powder. The N and r around Rb +
in the RbOH aqueous solution have been determined to be
6.6(1.2) and 2.88(5) A, respectively. Furthermore, we try to
determine the N and r with X(k) = 1.677k estimated by using the
structural parameters of RHS, in which the Rb + is coordinated
by eight O atoms. ^ Similar results of N = 6.3(1.1) and r =
2.92(2) A were obtained. The present results are comparable
with those reported for K+ and Cs + in aqueous solutions by
means of X-ray and neutron diffraction methods; N = 6-8 and r
= 2.60-2.95 A for K+, and N = 6-8 and r = 2.95-3.15 A for
Cs+. It is worthwhile to point out that the present EXAFS
investigation is performed on dilute aqueous solution. The
previous investigations of the local structure around alkalline
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Fig. 1. Magnitude (envelope) and imaginary part of F(r) of the
EXAFS oscillations at the Rb K-edge absorption in (a)
aqueous solution of RbOH and (b) solid RbOH at 300K
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We investigated Fe-K X-ray absorption near edge spectra in order to identify iron-containing species giving rise to
the magnetism in a nanocomposite (NC) composed of ironoxide dispersion in a silver matrix. This NC has been
shown to be superparamagnetic by previous magnetization
measurements [1], which suggests the possibility of the
occurrence of giant magnetoresistance and magnetic
refrigeration. The NC sample pellets of 50 at.%Fe were
synthesized by an inert gas condensation method in a batch.
One of them was post-annealed in He gas at 250°C for 1 h,
and another in 10%-O2 at 230°C for 15 h. Average grain
sizes both of iron-oxide and silver grains determined by
TEM were 10-30 nm before and even after the heat treatments. Specimens for XANES were prepared by mounting
on a tape the powder obtained from grinding the pellet. To
ob-tain reference data, measurements were made on pure
iron-oxides as well. The room temperature measurements
were performed in the transmission mode on the beam line
of 7C with a scanning step of 0.4 eV. Harmonicses were
removed by detuning the monochrometer. The focusing
mirror was not used. The background-subtracted absorption
coefficient, fx, has been normalized to the absorption step at
the edge. The energy of all of the spectra were carefully
calibrated by using an Fe foil reference and are accurate to
0.1 eV.
Figure 1 shows the Fe-K near edge spectra along with
those of the reference materials, in which the derivative
spectra dfi/dE are plotted to emphasize the energy shifts and
feature changes in the near edge region. It should be pointed
out that (1) the spectra of both the annealed samples are
quite similar to that of y -Fe2O3, (2) the spectrum of the ascompacted sample shows significant differences from y Fe2C>3. They indicate that some iron-containing phases
coexist in the as-compacted sample. We modeled the ascompacted spectrum by a linear combination of the reference
spectra. Very good agreement between the spectrum was
obtained with contents of 5%Fe, 53%Fe3C>4, 42%Y -Fe2C>3,
as shown in Fig.2. The present agreement is far better than
that obtained from the previous measurements in the
fluorescence mode [2]. This improvement in modeling of
the as-compacted spectrum would be due to that the transmission mode measurement less involves surface effects
than the fluorescence mode and is more reliable.
References
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STUDY OF LOCAL LATTICE STRUCTURE OF NiMn ALLOY BY EXAFS
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result is consistent with that the regularlity of arrangement of Ni and Mn atoms raises with annealing time.

Introduction
It has been proved that the magnetic properties
of NiMn alloy change as annealing conditions, that
in magnetization increases with annealing time.1) It
seems that tho magnetism is related to the atomic arrangement of Ni and Mn or short range order.
Tn this report, we studied local lattice changes struchire of NiMn alloys for various annealing times by using EXAFS, Which has an adva.Jii.age that the structure around individual atoms of Ni and Mn can be
investigated.

Ni powder
As Reserved
200hours
lOOOhours

Experimental
All the /f-edge absorption spectra were recorded in
transmission mode at BL6B and BL7C. S i ( l l l ) double
crystal monochromators were used. The storage ring
was operated at 2.5 GeV and the ring current was
200~300 mA.
All samples were ground to fine powder. Ni(75, 77,
80 at%)-Mn alloy were annealed at 400°C for 200 hours
and 1000 hours. The sample powders were interposed
between adhasive tapes.
The method of data analysis has been described in
ref. 2 in detail.

.1 Fourier Transforms of Ni A'-edge EXAFS of
Ni powder and Ni(75%)-Mn (As Reserved,
200hours, lOOOhours)

Result and Discussion
Fourier transforms of Ni K-edge for Ni(75 at%)-Mn
alloys are shown in Fig.l for various annealing times
(as reserved, 200hours and lOOOhours). Fourier transform of Ni powder is also shown in the figure for comparison. Ni has an f.c.c. structure. NiMn alloys which
studied in this report has similar f.c.c. structure and
the lattice constant is c.a. 3.5A. First peak at c.a.
2.5A is assigned to first nearest neighbor. The peaks
at 4.2A and 5.0A are correspond to third and fourth
nearest neighbors, respectively. The atomic distance
is for NiMn alloys are longer than that of Ni powder.
The height of peaks increases and the peaks becomes
clearly with annealing time. This result indicates that
the statistical disorder of atomic distances becomes
smaller with annealing.
From the viewpoint of magnetism, it is reported
that the magnetic property of Mn-Mn becomes antiferromagnetic when the distance of Mn-Mn is 2.2~3.0A
and that becomes ferromagnetic when the distance is
3.0~3.9A. In Ni(75%)-Mn alloy regularly arranged, Ni
and Mn atoms are located at the face center and the
corner of f.c.c. lattice, respectively. In this case, the
distance of Mn-Mn is c.a. 3.5A. The present EXAFS
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Curve-Fitting results for the distance between the
nearest neighbor atoms are shown in Table. 1. According to this result, we can easily estimate that the lattice constant (f.c.c. structure) is about 3.54A. The
nearest neighbor distance for 80% alloy is shorter than
that for 75% alloy.
The analisys of Mn AT-edge EXAFS must provide
interesting information. That is now in progress.

Table.1 Result of Curve-Fitting
75%
2.51
2.49
2.51

r/A
As Reserved
200hours Anealed
lOOOhours Anealed

77%
2.51
2,49
2.50

80%
2.50
2.49
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'electrode

Introduction
EXAFS spectra for deposited thin films on singlecrystal substrates were obtained by using a new
apparatus which works under an atmospheric gas. It
gives the spectra of not only thin films but scattered
powder on a tape very easily.

— bias voltage

carbon
tape

s,ample
window
X-ray
incident angle

Experimental
The apparatus is shown in Fig.l. The incident angle and
the vertical and horizontal positions to X-ray beam is
able to be set up arbitrarily. The cell is constructed
from plastics and conductive carbon tape and is filled
with He gas. The measured current, /, consists of Auger
electrons, photoelectrons and secondary electrons
produced by high energy Auger or photoelectrons in the
surface layer of the film. Moreover the cell acts as a
gas ionization chamber since the electron emitted from
the film creates a bunch of He + ion-electron pairs,
which operates until it loses its energy. By reversing the
polarity of the bias at the electrode, He + ion current is
obtained which had been considered to be more surface
sensitive in comparison with the electron-yield mode.
The measurements were performed at the BL-7C. The
beam intensity, / 0 , was monitored with a gas ionization
chamber (17cm, 100%

He gas

V

He gas

Fig.l Sample cell.
SrTiO3 powder on carbon tape
I

Sr-Kedge

)/ar

D.units

111

—^
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Results and Discussion
Using the apparatus, the sample can be easily exchanged because the inside of the apparatus need not be
evacuated and the sample has only to be put on a
conductive carbon tape. There were no obstacles to
obtaine the EXAFS spectra for insulating materials, if
a wide carbon tape was used for the sample holding
electrode. Fig.2 shows the EXAFS spectra for SrTiO 3
powder by the transmission method and the powder on
a tape by the He + -yield method. There is little difference between them. This indicates that EXAFS spectra
can be easily obtained without the adjustment of sample
concentration or thickness. With the highest possible
bias voltage, lkV, the best spectra with least noise were
obtained. The smaller the incident angle was, the higher
the S/N and S/B ratios were obtained. The peaks due to
the diffraction were observed for the epitaxially grown
films on a single-crystal substrate as shown in Fig.3.
The peaks moved with the incident angle.

Fig.2 Transmission and He + yield spectra.

SrTiO3 100A/LaAIO3 substrate
Sr-Kedge

Incident angle
20°
40°
I

i

16000

i

17000

Energy / e V
Fig.3 He + yield spectra of thin film on a crystal.
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Although the unique catalytic properties
of titanium silicalite has already been reported
by many researchers, the characterization of
their active sites has not yet been carried out
sufficiently. This is an unprecedented report on
the observation of the photoluminescence (PL) of
titanium silicalite (TS-1, TS-2) and the
characterization of the PL active sites by the
XAFS measurements.
200
J00
<00
500
600
Wavalength / nm
TS-1 (24-TS-l: Si/Ti=24, 12-TS-l:
Fig. 1. The PL spectra of TS zeolites. Emission: a)
Si/Ti=12) and TS-2 (85-TS-2: Si/Ti=85) were
85-TS-2, b) 24-TS-l, c) 12-TS-l. Exitation: a'-c'
hydrothermally synthesized. ^ MFI and MEL
8
A
C
structures of these samples were identified by
1
XRD measurements. An IR band at ca.960 cm"
4 / ITi-O-TI
was observed with all samples indicating the
B
insertion of Ti atom into the zeolite framework.
b
| V
A
3
/ \
After the 85-TS-2 was calcined at 723 K
and degassing at 523 K, it exhibited a PL band
at ca. 480 nm by the excitation at ca. 280 nm.
This PL band is attributed to the radiative
/ \
decay process from the charge transfer excited
state of the highly dispersed Ti-oxide species
4940
5020 0
2.
4
Energy
/
eVDislance
/A
with a tetrahedral coordination.2) As shown in
Fig.2. The XANES (left) and FT-EXAFS (right)
Fig.l, both 24-TS-l and 12-TS-l showed a weak
spectra of TS zeolites, a, A) 85-TS-2, b,B) 24-TS-l,
PL band at ca. 450 nm different from the
c.C) 12-TS-l
observed as well as a peak due to neighboring 0
wavelength of PL band observed with 85-TS-2.
atoms
(Ti-O). The intensity of Ti-O-Ti peak
The TS zeolite with the higher Si/Ti ratio
became larger for TS zeolite with the smaller
exhibited the stronger PL band; 85-TS-2 > 24Si/Ti value, indicating the partial aggregation of
TS-l > 12-TS-l. These PL band can be
Ti-oxide
species. These results conclusively
effectively quenched by the addition of 02, NO
indicate that most of Ti-oxide speies in the TS
and H2O, respectively, indicating that PL active
zeolite's are PL active isolated Ti-oxide with a
species locate at positions accessible to small
tetrahedral coordination, however, in the TS
reactant molecules. As shown in Fig.2, in the
zeolie with a low Si/Ti ratio the aggregated TiXANES spectra, a strong pre-edge peak was
oxide
species coexist.
observed with all of the TS zeolites indicating
1) J. R. Reddy et al., J. Catal, M L 440 (1991).
the presence of Ti-oxide species with 4- or 52) M. Anpo, et al., J. Phys. Chem., 8_9_, 5017
coordination. In the FT-EXAFS spectra, a small
(1985).
peak due to neighboring Ti atoms (Ti-O-Ti) was

T
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Introduction
Recently Baba et al. found that fixation of europium amide
complex onto potassium-exchanged Y-type zeolite (K-YZ)
generates the strong basic sites [1], The same phenomenon
was already observed for Yb-amide complex encapsulated in
K-YZ [1,2]. Its catalytic performance is very similar to
Yb/K-Y-zeolite although the electronic configurations of Yb
and Eu are different from each other. We report here the
active species in Eu amide complex in K-YZ.

Experimental
Sample was prepared by immersing K-YZ in liquid
ammonia dissolving Eu at 196 K as described elsewhere [1].
The samples were first evacuated at room temperature to
remove ammonia and heated in vacuo at various
temperatures.
X-ray absorption (XA) experiments were carried out on
beam line 7c at Photon Factory in National Laboratory for
High Energy Physics (proposal no. 91-175). XA spectra
were collected in a fluorescence mode with a two-crystal
Si(lll) monochromator with a stored current of 300 - 250
mA and a ring energy of 2.5 GeV. In situ cell was used
because the samples are moisture- and oxygen-sensitive. The
normalization of XANES was carried out as described
elsewhere [3].

Results and Discussion
Eu L3 XANES spectra of the samples evacuated at 303 973 K exhibit two absorption maxima at 6972 and 6979 eV,
so called white lines. The ratio of the peak heights changes
for each spectrum, indicating that at least two kinds of
chemical species are present as a mixture on the Eu/K-Y.
From the peak positions, these peaks are assignable to
2p3/2-5d transition in E u 2 + and Eu 3 + , respectively [6].
This indicates that valence of Eu ions varies during
evacuation. However, successive desorption of hydrogen,
chemisorbed ammonia, and nitrogen was observed with
elevating temperature (TPD) in vacuo [1], showing that not
only the valence variation of Eu but also the change of
chemical species of Eu surface complex take place. In any
event, it requires to estimate the fraction of Eu 2 + and Eu 3 + ,
quantitatively.
Table 1 Calculated fraction of Eu 2 + and Eu 3 +

Evac. Temp. / K
303
423
473
573
673
773
973

Eu 2 + /%
53
75
63
53
40
52

88

Eu 3 + /%
47

25
37
47
60
48
12
146

We carried out deconvolution of XANES with two sets
of curves of a Lorentzian for white lines and an arctangent
for continuum absorption [2]. Table 1 shows that thus
obtained ratios of integrated areas of Eu 2 + and Eu 3 + white
lines in percentage. The sums of the absolute values of
those areas for Eu 2 + and Eu 3 + for the samples of each
temperatures were found to be constant within two
significant figures. This indicates that the ratios reported in
Table 1 are the same values as those for the composition of
Eu 2 + and Eu 3 + . The desorption of NH3 was found in the
TPD profile in the temperature range of 400 - 470 K. In
this temperature range, the decomposition of Eu2+(NH2)2
into Eu 2+ NH and NH3 has been reported [5]. In addition,
we observed that imide formation by Infrared spectroscopy
(IRS) after evacuation at 423 K. These strongly suggest that
the Eu 2+ (NH2)2 decomposition takes place also in the
present case in the temperature range of 400 - 470 K, where
the maximum ofEu^+ fraction is found in table 1. On the
other hand, in the temperature range of 300 - 420 K, where
reduction of Eu 3 + is suggested by XANES, the
simultaneous desorption of H2 and N2 was observed in TPD
experiment. Since the dissolution of Eu in liquid ammonia
causes the formation of Eu 2+ (NH2)2 and Eu3+(NH2)3
mixture [5] and there has been no report that Eu3+(NH2>3
directly decomposes to EuNH, reduction of Eu 3 + should be
owing to the following process: Eu3+(NH2)3 —*
Eu 2+ (NH2)2 + H2 + (1/2)N9. In the temperature range of
423-673 K, oxidation of Eu 2 * proceeds and H2 desorption is
found. This is explained straightforward by the formation of
Eu 3+ N, which is supported by the report of Usuki et al. [6].
The evacuation at the temperature above 673 K increases the
Eu 2 + fraction again and there is no evidence of the
formation of EuO. TPD experiments clarified N2 desorption
and hydrogenation activity of the sample reaches maximum
at 973 K. These results strongly suggest that another nitride
phase with Eu 2+ has been formed by heating the sample at
the temperature above 673 K.
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Introduction
Compounds sandwiching transition metals such as
a ferrocene and its ring-substituted derivatives are
now developing owing to their peculiar behavior in
an electron reservoir and/or high redox potential,
and catalytic activity.1-2) The application as a novel
material may cover the wide scientific and
engineering regions. In cyclopentadieyl-Fe-phenylX (CpFePh-X) complexes, it is recently found that
the redox activity
is strongly affected by
substituents, X. For the investigation of the change
of the redox activity in the view point of the
electronic state, several experimental and theoretical
studies have been achieved.3-4) The aim of this work
is to give the bond distances between Fe-C (Cp) and
Fe-C(Ph) with the various substituents as
fundamental quantities for the theoretical calculation
of the electronic states.

Here, deviations are expressed in values relative to
the distances of Fe-C's of CpFePh-H, and 1 shell
indicates the deviations from Fe to C of Cp and 2
shell those from Fe to C of Ph.
In the case of halogen substituents, the bond
distances of Fe-C(Ph) become shorter and those of
Fe-C(Cp) longer slightly. The larger ionic radii show
the larger deviation. CN substituent shows
elongation in both the first shell and the second
shell. The deviations are considerably large for Br
substituent in the second shell. This large shrinkage
of the Fe-C(Ph) suggests that the electronic states are
remarkably modified, especially in the excited states
(or chemical reaction intermediate states), resulting
in the change of the redox activity. The electronic
states of CpFePh-X are in calculation, based on the
observed distances.
0.0400 -

Experimental

0.0200 -_

X-ray absorption spectra around Fe K-edgc were
observed in the transmission mode at BL-7C
beamline in Photon Factory (KEK, Tsukuba) at
room temperature. The storage ring was operated at
ring current of 350 - 25 mA and positron energy of
2.5 GeV. The radiation was monochromatized with
S i ( l l l ) double crystals. Higher harmonics were
reduced by means of a reflection on two Si mirrors.
The specimens were prepared in following
procedure. A ferrocene solution added with Al
powder and powdered AICI3 is stirred in benzene
solvent. After refluenting for 6 hours, the mixture
was cooled, and the yellow aqueous layer was
separated, washed out with light petroleum, and
treated by an aqueous solution of PF6NH4. The
resulting precipitate, benzene-cyclopentadieyliron(II) is filtered off. The other iron complexes are
produced in the same manner by adding some anion.
For the analysis of the observed absorption
spectra in order to obtain the local structure around
Fe ions, the programs "XAFS93" and "MBF93"
were employed.5) A ferrocene is used as a standard
substance.
Results and Discussion
In Fig.l, the analyzed distance deviations from Fe
ions to C of the nearest neighbor rings are shown.
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Fig. 1. The deviation of the bond distances from Fe
ion to C ion in the various substituents. The values are
relative to the distance of Fe-C of CpFePh-H.
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Introduction
We have investigated the magnetic and magnetooptical(MO) propertise of Rare Earth-Transiton Metal
multilayers (RE-TM MLs) for several years. In result
the magnetic anisotropy of RE-TM MLs was found to
depend on the bilayer period showing a peak at bilayer
period of lnm[l]. The origin of the magnetic anisotropy of RE-TM amorphous alloy was debated and
several models were proposed.
Recent study using Synchrotron Radiation indicated
that local structure in amorphous RE-TM alloy is correlated with the magnetic anisotropy[2]. In this paper
the EXAFS study of amorphous Tb/Fe multilasyers is
presented and the machanism of magnetic anisotropy
is discussed.

Experiment
Samples were prepared by rf magnetron sputtering
method. Magnetic propertied wre mesured by VSM
and Torque magnet meter. In photon Factory, X-ray
absorption mesurement at the Fe K-edge of Tb/Fe
MLs was carried out utilizing the XAFS station at the
BL-7C. All XAFS mesurements were made at room
temperature by transmittion mode. Structual anisotropy is obtained by mesuring the angle dependence of
EXAFS.
Result and conclusion
Figure 1 show the Fourie transformed Fe EXAFS signal of Tb/Fe MLs whose bilayer period is 1.5nm. In
this figure 'E in-plane' indicate the information of inplane structure and 'E out of plane' show the
infomation of the structure perpendicular to the film
plane. The peak at 2A shows Fe-Fe correlation. In this
figure Fe-Fe correlations of 'E io-plane' is larger than
that of 'E out pf olane'. We suggest that the change of
magnetic anisotropy with various bilayer period is
correlated to the change in the ratio of Fe-Fe coordination number.
Table 1 show the coordination number ratio and mag-
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Fig. 1 Fourie transformed Fe EXAFS
netic anisotropy energy of Tb/Fe MLs and TbFe alloy[2]. The magnetic anisotropy energy are varied
with the chang of coordinate ratio. We can consider
that the change of magnetic anisotropy depending on
bilayer period is affected by coordination ratio of Fe
atom.
Table 1 Magnetic anisotropy and coodination
number ratio
bilayer period (c ll -c JL yc ll

Ku(X105J/m3)

alloy

0.071

1.58

1.5nm

0.101

4.2

3.0nm

0.062

2.74

C H : coordination number of Fe for "E in-plane'
C ± : coordination number of Fe for E out of plane'
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Introduction
When an amorphous (a-) chalcogenide thin
film is deposited onto a clean surface of Cu or Ag
metal and irradiated by visible light, metal atoms
rapidly diffuse into the amorphous film. This
photodoping phenomenon has been well known
since the discovery in 1966 [1], and is very
interesting because it takes place only in
amorphous chalcogenides, not in crystal ones.
The atomic structure of fully photodoped aGeSe2 by the Ag atoms was investigated by the
EXAFS and the anomalous x-ray scattering
measurements [2]. On the contrary, there is little
study on the structural changes in the process of
the photodoping. In this paper, we report the
structural change of Cu photodoped a-GeSe2
investigated by the Ge, Se and Cu K-edges
EXAFS measurements.
Experimental
We have measured the EXAFS spectra in the
total electron yield (TEY) mode at the beam line
BL-7C of Photon Factory in the National
Laboratory for High Energy Physics. The sample
film of a-GeSe2 of 7000 A in thickness was
evaporated onto a clean Cu substrate of about 500
A in thickness in the dark condition. We
investigated the photodoping process by the
repeated cycle of measuring TEY-EXAFS spectra
in a vacuum chamber and irradiating the sample
by visible light emitted from a 1000-W tungsten
lamp through a viewing window of the chamber.
Taking the surface sensitivity of the TEY method
into account, the EXAFS signals come only from
the upper amorphous layer of about 1000 A, not
from the metal underneath.

spectrum for the irradiated sample seems to be
very similar to that for the corresponding initial
one. However, from the preliminary analysis of
these spectra, some structural changes, for
example the slight elongation of the bond-length
only around the Se atoms, were clarified. The
detailed analysis using theoretical backward
scattering amplitude and phase-shift functions
calculated by the FEFF software [3] is now in
progress.
This study was partly supported by The Japan
Securities Scholarship Foundation and Nissan
Science Foundation.
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Results and Discussion
Figure 1 shows the Cu and Se K-edges
EXAFS functions at the irradiation time of 0 and
240 min. Despite the TEY signal was very weak
(-10" 1 A), distinct oscillations were observed.
The magnitude of the edge jump of the Cu Kedge spectrum at 0 min is already about 50 % of
that at 240 min. This would originate from the
photodoping by weak light emitted from the
filament during the evaporation of a-GeSe2 or the
thermal diffusion of Cu into a-GeSe2. Each

-0.02
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Figure 1. The Cu and Se K-edges EXAFS
functions of Cu photodoped a-GeSe2.
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compared with the Ge(333) crystal spectrometer
employed previously.
In addition to XRRS of carbon in diamond and
graphite, XRRS of fluorine in LiF and those of
boron and nitrogen in BN was also obtained,
suggesting that XRRS can be applied to various
other elements.
Attempts to increase the resolution by the use of
(006) reflection and to extend the target materials
by the use of lower wavelength excitation are now
in progress.

Introduction
X-ray Raman spectroscopy (XRRS) has been
proposed as a complementary tool to soft x-ray
spectroscopy.1) It employs an inelastic scattering of
hard x-rays to obtain spectra in soft x-ray region,
thus eliminating various experimental difficulties
associated with the use of soft x-rays. The greatest
disadvantage of XRRS is its very small scattering
cross section. Therefore excitation source must be
as strong as possible and the spectrometer used has
to be extremely efficient. In this study a
spectrometer using cylindrically bent graphite
crystal was tested to obtain XRRS of several
compounds.
Experimental
Measurements were carried out at BL7C. The
energy of the incident beam was tuned to about 5
keV. Beam size was around 0.8 X 5 mm2. The
scattered radiation was collected and analyzed by a
cylindrically bent, 5 cm X 5 cm super graphite
(SG) crystal2)with a 200 mm radius of curvature.
(004) reflection was employed. Dispersed X-rays
were detected with a position sensitive proportional
counter of 10 cm in length. Similar experimental
setup has already been reported by Ice and
Sparks3). Since a significant variation in efficiency
along the detector position has been observed, the
response function of the analyzer-detector
combination was determined each time by scanning
the beamline monochromator energy while
monitoring the intensity of the elastic peak. Spectra
were then corrected with the measured response
function.

400
600
ENERGY LOSS (eV)

ResuUs_anjiDJscussiaa
Fig. la shows an XRRS of diamond obtained at
scattering angle of 90° . Measurement time was
10 hrs. Although not shown here, FWHM of the
elastic peak shows that the resolution of this
spectrometer is 6 eV, which is almost identical with
that achieved with Ge(333) crystal spectrometer at
around 8 keV.4) In Fig.lb shown is an extracted
EXAFS oscillation by applying a routine used for
EXAFS analysis. A comparison with the result
reported previously4) and the soft x-ray absorption
spectrum5) reveals the following. Firstly, the fine
structure of XRRS reported here is the same as that
of soft x-ray absorption spectrum. Secondly, nearly
10 times increase in efficiency was achieved with
the use of bent SG monochromator crystal

Fig. 1. (a). An observed XRRS from diamond
powder after correcting analyzer response and
after subtracting Compton scattering, (b). An
extracted EXAFS oscillation from (a).
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Introduction
Melt-quenched La-Fe(8-12 at% Fe) alloys exhibit
interesting structural" and magnetic propertiesOX(2).
Results of structural and magnetic measurements of
the melt-quenched La-Fe alloys can be well
explained by the formation of Fe clusters embedded
in fee P- La. Below about 300K,their ferromagnetism
is induced by inter cluster coupling. Between 300K
and 400K,ferromagnetic inter cluster couplings
disappear and super paramagnetic state arises due to
intra cluster ferromagnetic coupling. The ferro
magnetic couplings in cluster fade out above 400K
and it turns to paramagnetic state. X-ray diffraction
for the as-quenched La-Fe shows fee La( j3 -La)
diffraction peaks witn~ no oc-Fe peaks. Lattice
constants of P-La for the as-quenched La-Fe alloys
do not show any concentration dependence of Fe. In
order to elucidate the structural properties of the Fe
clusters embedded in /3 -La,we have carried XAFS
measurements of the Fe K-edge for the meltquenched La-8 and -12 %Fe alloys.
XAFS experiments and Results
Because of large X-ray absorption of La,transmission
method is not available in the present case: ut=7.7
for the as-quenched La-8%Fe( about 25 jum in
thickness). We adopted fluorescence method as an
alternative method. Fluorescence intensity If(E) for a
thick sample can be represented as
(1)
,where ixt(E) is absorption coefficient for a dilute
target element. 1JE) is proportional to // j(E) only if
60

80

La-12%Fe(annealed)

Fe K-edge

k(inA~1)
3

[JL T(E) + PL T(E) can be considered as independent
on photon energy. For La-8%Fe,energy dependent
portion of the denominator in eq.(l) consists of only
about 0.4%,which allows to apply fluorescence
method for the present La-Fe alloys.
Fluorescence XAFS measurements were done at BL
7C using a Si(lll) monochromator with a total
reflection mirror at R.T.. An ion chamber was used
as a detector combined with the Lytle collimating
slit. Mn(3 ix m) was used as the Z-l filter.
After usual background subtraction and normalization procedures, % (k) is deduced
and the results are
shown in Fig.l in terms of k3 % (k) vs k for the asquenched La -8% and -12% Fe,and La-12%Fe
annealed at 673K for 30 min together with that of a
Fe. The Fourier transforms for these curves are
shown in Fig.2
The characteristic features of these XAFS results can
be summarized as follows.
(l)the results for annealed La-12%Fe agrees with
that of cc-Fe. This indicates that Fe clusters embedded
in P-La precipitate as cc-Fe above 673K.
(2)Local structure of Fe for the as-quenched La-8%
and -12%Fe show highly disordered states with a
broad and low amplitude of % (k) as shown in Fig.l.
This means that amorphous Fe clusters are formed in
crystalline fee La. Such XAFS results are consistence
with the distributed hyperfine field obtained by
Mossbauer measurements.
Quantitative analysis such as curve fitting is now
underway.
References
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Fig.l k X (k) vs k of the Fe K-edge for as-quenched
La-8%Fe and -12%Fe,and annealed -lZ%Fe

0
2 K1A -1) 4
6
Fig.2 Fourier transforms of k J X (k) for as-quenched
La-8%Fe and La-12%Fe ,and annelaed La-12%Fe
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Introduction
The particle size of the catalyst has a strong effect on
the activity and the selectivity of the coal pyrolysis
process. Smaller particles are desirable because they have
a larger percentage of unsaturated surface sites that are
readily accessible for catalysis. The ion exchanging
method is one of the simple method for dispersing metal
ions atomically on the coal surface.
In this study, the behavior of metal atoms of ion
exchanged coal during its pyrolysis process were studied
by EXAFS spectroscopy under in-situ conditions.

the Fourier transforms of the spectra of the Ni-loaded coal
at 6.4 wt%, on the other hand, Ni-Ni bond was observed
for specimen pyrolyzed at 673 K (Fig. 2). It means that
small Ni particles were formed at 673 K. Moreover, the
coordination number of Ni-Ni bond of 6.4 wt% coal
pyrolyzed at 673 K is larger than that of 1.4 wt% coal
pyrolyzed at 773 K.
These results indicate that the thermal stability of
nickel exchanged surface functional groups and the
aggregation of Ni atoms depends on the Ni loadings on the
coal.

Experimental
Loy Yang coal from Australia was used in this study.
The metal-loaded samples were prepared by an ion
exchange method using nickel chloride in aqueous
solution. The Ni loadings were 1.4 and 6.4 wt%.
Samples were pyrolyzed in vacuum. After a sample
was heated to a desired temperature at the rate of 5 K/ min,
then the sample was cooled to room temperature.
Ni K-edge EXAFS measurements were carried out by
a transmission mode at BL-7C of Photon Factory. The
data were analyzed by a curve fitting method using
program "EXAFSH"". Ni metal and NiO were chosen as
standard materials for Ni-Ni bond and Ni-O bond,
respectively.

-E.

Fig. 1. Fourier transforms of k3-weightedEXAFS data
for pyrolyzed Ni-coal (Ni loading: 1.4 wt%).

Results and Discussion
Fig. 1 shows the Fourier transforms of Ni K-edge
EXAFS data for the pyrolyzed Ni-coal (Ni loading: 1.4
wt%). There is only one peak between 1 and 2 A assigned
to Ni-0 in the Fourier transforms of EXAFS spectra of
the Ni-loaded coal pyrolyzed at 623 K. There is no bond
between 1.8 and 2.5 A which is assigned to Ni-Ni bond.
It shows that nickel ions are supported to oxygen anions
of functional groups on the coal surface. Ni-Ni bond
began to appear in the Fourier transforms of EXAFS
spectra of Ni-loaded coal pyrolyzed at 773 K. It means
that functional groups coupled with nickel are decomposed
and small nickel metal clusters are formed at 773 K. In
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Fig. 2. Fourier transforms of k3-weighted EXAFS for
pyrolyzed Ni-coal (Ni loading: 6.4 wt%).
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H: Fe(NO3)3 aq
G: Fe(III)-glycerol pw
F: Fe(III)-sucrose aq
E: Fe(III)-sucrose pw
D: Fe(IIl)-D-Fructose aq
C: Fe(III)-D-Fructose pw
B: Fe(III)-D-glucose aq
A: Fe(III)-D-glucose pw

Introduction
Saccharides play important roles in various forms of
living systems as pans of diverse biological molecules.
Saccharide molecules possess several hydroxyl groups
that may bind with transition metal ions to form various
metal-saccharide complexes in their nature and utility.
One of
authors (C.P.R.) has synthesized various
iron(ni) complexes of mono-, di-. tri-saccharides and
alcohols, we have determined their local slmclures from
XAFS measurements.

/•/A

Fig. 1. Fourier transforms.

Experimental
X-ray absorption spectra around the Fe K-edge were
measured in transmission mode for the iron(III)saccharide complexes in solution and in the solid state at
BL7C station of the Photon Factory at the National
Laboratory for High Energy Physics (KEK).
Results and Discussion
The Fe K-XANES spectra of a reference Fe(NO-;)-$
solution and of the iron(III)-saccharide complexes
showed the shape and intensity of which are typical for
an octahedral coordination of iron(III). However, the
spectra for the saccharide complexes exhibit considerably
broad peaks just above the absorption edge, compared
with that for the Fe(NO-j)-; solution which contain an
octahedral [Fe(OH2)f,]-1+ mo ' e l>'- ^ m<>y be an indication
of distorted octahedral Fe-0 bonds resulting in a splitting
of degenerate energy levels of iron(III) atom in the
saccharide complexes.
Figure 1 shows the Fourier transforms (uncorrected for
the phase shift). The first peak at 1.6 A is due to Fe-0
bonds within the Fe(IlI)-saccharide complexes.
Table 1 shows the results of the curve-fitting analysis for
Fourier filtered EXAFS modulation of the iron(III)saccharide complexes in aqueous solution and in the solid
state. From these results we proposed the structures of the
iron(IIl)-saccharide complexes in Figure 2.

Table 1.

Coordination Number(/V) and Average Distance (r).

ligand
n-glucoxe

solic state
N
r/k
6.0 1.98
4.8 2.84
5.9 1.98

Fe-0
Fe--C
Fe-0
Fc-C
Fe-0
Fc--C

n-fructose
sucrn.se

4.6

5.7
4.7

2.84
1.96

water

A'
5.8
4.1
5.8
4.4

2.83
Fe--Fe
5.8 1.97
Fe-0
4.4 3.19
Fc--C
6.0* 1.99
Fe-0
• fixed value

jjlyccrol

aqueous solution

5.8
2.5
1.1

r/k
1.97
2.76
1.9o
2.78
1.98
3.23
3.08

9

/

'

I—

—
^

i

i

mono-saccharide

0

-^N o-c ^

\

A

mono-saccharide

in [he solid stale and in uqeous solution

di-saccharide

in ihe solid state

o

o •—

sucrose
in aqueous solution
Fig. 2. Proposed structures of the iron(Ill)-saccharide
complexes.
sucrose

153

proposal No

94-G019

EXAFS STUDIES OF FERRITIN PARTICLES
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Introduction

the same for all datasets. For all of the above three cases
good fits with reasonable fit results were obtained. The
quality of the fits decreased only slightly in the order (a)
to (c). At present we cannot yet determine which of the
three cases is the correct one but we can already determine the Einstein temperatures. The mean-square
relative displacement a 2 of a coordination shell was
measured as a function of temperature and can be fitted
with an Einstein model. In this analysis we employ
differences of Debye-Waller factors:

Iron, an essential nutrient for many cellular processes
is stored in the form of two proteins, ferritin and hemosiderin. Both proteins contain small iron oxide cores,
usually less than 10 nm in diameter. The core of ferritin
is completely surrounded by a well-characterized soluble
protein shell, while hemosiderin is insoluble and the
associated protein is irregular and poorly characterized.
The genetic diseases thalassemia and hemochromatosis
result in the accumulation of iron oxide particles.
In order to understand the structure of such particles
we have investigated ferritin. Iron K-edge x-ray absorption spectra were recorded for a sample of freeze dried
horse spleen ferritin over a range of temperatures from
40 K to 300 K. Gaussian-type radial distribution
functions were fitted to the data from all temperatures
simultaneously and the obtained mean-square relative
displacements a 2 were fitted using an Einstein model.
For iron atoms in the second and/or third coordination
shell an Einstein temperature of 330 K ± 20 K was
obtained. If oxygen was assumed in the second or third
shell, its Einstein temperature was 460 K + 20 K .
This indicates that the core of ferritin may have a more
rigid structure than those of previously studied ferritin
analogs (nanocomposite polysaccharide iron complexes).

a2(T)-a2(T0) =
h2

cothlrz? - c o t h
LY )

\ L 1,-,

Here, T is the temperature, 9 g the Einstein temperature
and T o is a reference temperature. T o was chosen as the
lowest temperature for which EXAFS spectra were
measured (40 K). \i is the reduced mass of the absorberbackscatterer pair. Irrespective of the choice (a), (b) or
(c) we obtain for iron backscattering atoms an Einstein
temperature of © E = 330 K ± 20 K and for oxygen
backscattering atoms an Einstein temperature of @g =
460 K ± 20 K . This shows that the phonon spectrum
describing the oscillations of the second- and third-shell
atoms is dominated by a peak. Mohie-Eldin et al. [3]
have measured a Debye temperature of 248 K ± 12 K
for a ferritin analog, polysaccharide iron complex using
the Mb'ssbauer effect. This implies that the iron(III)
oxyhydroxide core of their analog may be less rigid than
that of horse spleen ferritin.

Results and discussion
The ferritin radial distribution function with respect
to iron consists of a first oxygen peak, which is not
considered in this analysis, and two further peaks whose
nature is not known exactly. The second and third coordination shells around the absorbing iron atom may
consist of (a) oxygen and iron, (b) iron and iron or (c)
iron and oxygen. Using the harmonic approximation we
have analyzed the EXAFS data in R-space by curve
fitting with a routine developed by one of the authors
[1]. We have employed the amplitudes and phase shifts
calculated with the single-scattering version of the FEFF
code (version 3.1.1) [2], Five datasets, each corresponding to a different temperature, were fitted simultaneously and the coordination numbers were constrained to be

We are grateful for the assistance of Prof. Nomura.
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Introduction

trying to determine the crystallographic sites of the Cr
atoms in the mullite structure.

Mullite is a ceramic that has high strength at high
temperature. It is therefore of great interest in industrial
applications. The general composition of mullite is

We are grateful for the kind help of Prof. Nomura.

AI

4+2x S '2-2x°10-x (°-2 ^ x ^ °-4) t ' ] - Mullite can
be doped with Cr, leading to an incorporation of up to
12 wt% Cr 2 O3. It has been concluded that Cr is
incorporated by replacing Al [2].

[1]
[2]
[3]

Results and discussion
We have measured EXAFS spectra of the Cr K edge
of Cr-doped mullite at BL-7C. For all measured spectra
the magnitude of the Fourier transform, which is related
to the pair distribution function (PDF), is characterized
by two pronounced peaks (Fig. 1). The first peak is
ascribed to the nearest-neighbour oxygen atoms making
up the octahedra surrounding the central Cr atoms and
the second peak is assumed to be due to aluminum. In
order to get a more quantitative view, the EXAFS
spectra were least-squares fitted [3] to a model function,
which was based on standard Gaussian lineshapes for the
PDFs of oxygen and aluminum. It turned out that the
aluminum peak could not be fitted satisfactorily with a
single Gaussian PDF alone. The discrepancy was
reduced by assuming an additional Gaussian contribution
to the PDF of aluminum. In order to reduce the number
of variable parameters per dataset three datasets were
fitted simultaneously: an 11.5 wt% C^O^ mullite
sample measured at 300K and 150K and a 7.3 wt%
Cr2O3 sample measured at 300K. For these datasets it
was assumed that the energy corrections AE were
identical for each atom type and that the coordination
numbers were temperature independent. Figure 1 shows
a typical fit, carried out in this way, for the 11.5 wt%
sample. In Fig. 2 the PDF obtained from the fit is
shown. It consists of 6 oxygen atoms at 1.98 A with
CT2 = 0.004 A 2 and of aluminum peaks at 2.91 A (1.8
Al atoms) and 3.30 A (5.4 Al atoms). The smaller Al
peak is broader (c 2 = 0.007 A 2 ) than the bigger peak,
for which o 2 = 0.004 A 2 . From these results we are
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Fig. 1: Fourier transform magnitude for a mullite
sample measured at 300K. Shown is the result of a
simultaneous fit to three datasets with three coordination
shells each. The shoulder at -1 A could not be fitted.
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Pair distribution function of Fig. 1.
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Introduction
An oxygen molecule (O2) has spin S=l and
monolayer crystals form a two-dimensional(2D)
antiferromagnet. Various phases have been observed depending on coverage(C) and temperature(T). We have used h-boron nitride (hBN) as
a substrate so far and in dilute J-phase we observed an antiferromagnetic phase which has not
been observed when graphite is used. We find
that the substrate plays an important role on the
magnetic and crystal structures of monolayers; especially the electronic structure of the substrate
possibly affect the exchange interaction between
O2 molecules. In order to elucidate such an effect
of the substrate, we have used xenon (Xe) monolayers, which is an insulator. Monolayer Xe has
a \/3 X A/3 commensurate structure on graphite,
on this we could grow O2 monolayers. The surface potential is weaker than that of graphite or
hBN substrate and we could expect more essential
character of O2 monolayers in this system.
Experimental
X-ray diffraction measurements were performed at BL-7C. Monochromatized incident
beam (A=1.000A) was diffracted by samples
mounted in a cryostat and an imaging plate (IP)
was used for detection. Because the diffraction
intensity from O2 monolayers is small, the optical
system was carefully constructed to reduce the
scattering from the beryllium (Be) sample cell,
the Be shroud of a cryostat, and also from air.
We spent typically one hour for one spectra with
a wide q range (0 - 4.4" ) and better resolution
compared with conventional scintillation counter
system.

Xe layer was subtracted from the data. This peak
is seen in all the temperature range below T m .
Fig.2 shows T dependence of spectra for
C=2.93. A peak is observed at q=2.2oA~1 for
low T phase. In addition to this, at 30K a broad
peak appears at q=2.45A . When we increase T.
the peak at 2.4oA~ disappears and a new peak
appears at q=2.0<SA~ .
The peak position is close to that of 3D O>however, simple 3D O-> cannot explain the T dependence of magnetization and also we observed
melting transition below 50 K. lower than 3D case,
so we conclude this peak is from O2 films.
In the present experiments we have first obtained a spectra from monolayer crystals using
IP technique.
>

1

T=8K

Fig.l

z
k

2.5
Q(A')

C = 2.93
T=50K

Fig.2
T=43K

3

Results and discussion
When Xe monolayer was physisorbed on grafoil,
we observed three peaks at q=1.6S,2.89,and 3.37
A" 1 , assigned as (10),(11),and (20) of triangular lattice respectively. The lattice parameter is
a=4.32A, which gives slightly more dilute structure than \/3 x \/3 one. When O2 was adsorbed at
C=0.6, these peaks shifted to higher q value and
Xe and small amount of O2 form V^ x \/3 lattice,
which is stable even above the melting temperature (Tm) of O2. As we increase C, we observed a
peak at q=2.25A~ , increasing the intensity with
C (Fig.l). Here the diffraction from grafoil and

—x__

T«42K

^s^_

T=41K

^ ^ ^

T=30K

-v^

T=8K

>•

z

• "

2.5
Q(A-']

Fig .1: C dependence of x-ray diffraction spectra
at 8K
Fig .2: T dependence of x-ray diffraction spectra.
for C==2.93
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Introduction
The X-ray absorption spectra of Br" at aqueous solution
surface were obtained by using a new method, totalreflection
total-conversion-electron-yield
XAFS.1^
Because this technique is inherently surface sensitive, it
may provide us with the information of the surface structure of solution.

water at the same level as Br is fairly larger than in the
bulk as is illustrated in Fig. 2.
Table 1. Curve-fitting results for Br" aqueous solutions.
s o l u t e m e t h o d c/mM r/A
STAB (1st shell) HeY 0.1
(2nd shell)
HeY 500
LiBr
T
100
KBr

Experimental
The measurements were performed at BL-7C. The design
of the sample cell has been described.1) The spectra at Br
X-edge were recorded under the condition of total external
reflection at an incident angle of 1 mrad. The samples
studied were aqueous solutions of stearyltrimethylammonium bromide (STAB), LiBr, and KBr. The spectra
were obtained with the bias voltage of -150 V (He+-yield)
at +1°C .

3.12
5.22
3.23
3.23

N

a/A

9.6
2.6
5.5
6.0*

0.283 -10.4
0.209 -2.1
0.145 -6.2
0.160 -6.8

1 M = 1 mol dm . This spectrum is used as a reference
and its N value is assumed to be 6. HeY and T are the
He + -yield and the transmission method, respectively.

Results and Discussion
The signal intensity from STAB solution is larger than that
of KBr while the concentration of Br~ in STAB solution
is 1000 times as small as that in KBr. STA+ is a cationic
surface active ion, and thus, this technique is proved to be
highly surface sensitive. ^ The EXAFS % spectra are
compared in Fig. 1. The EXAFS oscillation in the
spectrum of KBr solution is monotonous and can be fitted
with a single shell model, while that of STAB solution is
complex and needs to be fitted with a two shell model.
The curve-fitting calculations were performed by using the
phase shift and the back-scattering amplitude parameters
generated by the FEFF.2^ The coordination distance r
value for the 1st shell of STAB solution corresponds to the
Br-O (in water molecule) distance, and is found to be
shorter than that for KBr solution of 3.23 A. Thus the
solvation structure of Br" present at the STAB solution
surface must be different from that in the bulk. The
coordination number N value for the 1st shell of STAB
solution is larger than that for KBr solution. Since the
EXAFS amplitude is proportional to cos20, where 8 is the
angle between an X-ray polarization vector and the bond
of X-ray absorbing atom to the photoelectron scattering
atom, the horizontally polarized X-ray from the synchrotron strongly detects horizontally coordinating atoms but
not vertically coordinating atoms with respect to the
solution surface. Thus the larger AT value for the STAB
solution surface indicates that the probability of finding

Fig. 1 The Br iC-edge EXAFS k3%(k) spectra.

gas
solution

H3C

/f

Fig. 2 The suggested model for the solvation structure of
Br" at the STAB solution surface.
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are shown in Figs. 2(a)-(c). In Fig. 2(c), we
show only a limited part of the variation curve.
Arrows in the figures denote the position of the Al
lines. As shown, each stripe was clearly detected
with modulations of 0.33, 0.12, and 0.08,
respectively, for the 4-jj.m, 1-jj.m, and 0.7-ji.m
stripes.
Recently, we have developed a 0.6-|i.m
microbeam.
According to our imaging
simulation, it should be possible to resolve 0.3|im-line-width pattern with a modulation of 0.08
using this beam. We are now planning to conduct
total photoelectron imaging at a lateral resolution
of 0.1-0.3 |im as well as two-dimensional
imaging.

Introduction
Photoelectron microscopes are promising
tools for microanalysis both in surface science and
in industrial applications. We have been
developing a scanning photoelectron microscope
using a Wolter-type grazing incidence mirror.1)
In the present study, we have performed onedimensional imaging of sub-micron-sized stripe
patterns by detecting total photoelectron signals.
Experimental
The design of the Wolter-type mirror is
shown in Fig. 1. The demagnification of the
mirror is 1/29.8. The mirror was fabricated using
vacuum replication and its mirror surface was then
reproduced with epoxy resin.2) The mirror was
installed in the bending-magnet soft x-ray
beamline BL-8A. A 30-|a.m$ pinhole was
positioned at Fi to determine the source size. A
1.8-|im focal spot was formed on the sample
surface at F3. The energy of the incident soft xray was 150 eV and photon flux at the focal point
was about 104 photons/s.
The samples were Al stripe patterns
formed on a SiC>2 layer on a Si wafer. These Al
stripes had the same width and spacing. We
prepared three stripe patterns with 4, 1, and 0.7|im line widths. Five Al lines were drawn for the
4-|im and l-|im-line-width stripe patterns and ten
lines for the 0.7-(im-line-width pattern. The
microbeam scanned the sample surface across the
stripes. Photoelectrons emitted from the sample
were detected with a microchannel plate.

References
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Results and Discussion
The variations of total photoelectron
intensity when the microbeam scanned the stripes
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Fig. 2 Photoelectron intensity variation of scanned
on stripe pattern. Stripe widths are (a) 4 p.m, (b) 1
(xm, and (c) 0.7 |im.

Fig. 1 Wolter-type mirror design.
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Introduction
Scanning photoelectron microscope (SPEM)
uses a focused X-ray microbeam to investigate
the chemical and physical properties of material
surfaces with high lateral resolution. Our
SPEM uses a Wolter-type grazing incidence
mirror for microbeam formation.1) Wolter-type
mirrors have so far been fabricated by vacuum
replication and were successfully used in X-ray
microscopes. However, the vacuum replication
method has practical difficulties in maintaining
surface roughness at high replicationtemperatures and in controlling the shape of the
mirror surface during the cooling down process.
We have developed a new fabrication method of
Wolter-type mirrors to overcome such problems.
Mirror Fabrication
The fabrication method2) consists of two
processes. The first process is a conventional
vacuum replication process, where a glass
replica of the mirror is fabricated using a master
mandrel. Then, in the second process, epoxy
resin is used for forming the X-ray reflecting
surface of the mirror. A small amount of epoxy
resin is injected into a thin gap between the
replicated mirror and another mandrel with the
same contours as that of the first one. The
surface of the mandrel is coated with a 200-nmthick gold film, which adheres to the epoxy resin
as it hardens. Since the second process can be
completed at room temperature, we had none of
the problems menthioned for vacuum
replication. We have improved the surface
roughness to less than 6 nm (peak-to-valley) and

Figure 2 shows the beam profiles of a 150
eV X-ray microbeam observed when the X-ray
source was formed with a 20 p.m-diameterpinhole. The beam size, determined as the full
width at half maximum of the profile, reaches
the range of 1 Jim. In previous experiments,3)
the meridional beam size saturated at 20 jxm due
mainly to the figure dispacement of the mirror
surface. The profile shown in Fig. 2 indicates
that the epoxy resin process improved the
fabrication accuracy of the mirror.
Meridional plane

X-ray energy:
150 eV
600eV
lkeV

-100
0
100
200
Knife edge position (/urn)
Fig. 1 The change in X-ray intensity caused by
knife-edge movement.
-200

the figure displacement to less than 1 fim.
Evaluation Using Synchrotron Radiation
The focusing characteristics of the mirror
were investigated by knife-edge test at the BL8A beamline. Monochromatic X-rays (150 eV1 keV) passing through a lmm-diameter-pinhole
were focused by the Wolter-type mirror. Figure
1 shows the change in X-ray intensity caused by
knife-edge movement in the meridional plane of
the mirror. All lines observed at different photon
energies are superposed on each other,
indicating that the mirror has no significant Xray scattering on the surface.

0

10
20
Position (fim)
Fig. 2 The meridional beam profile of a focused
X-ray microbeam.
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Introduction
Amorphous SiO 2 may be considered as the
simplest model substance for a multicomponent oxide
glass. Its behavior as the function of pressure and temperature may therefore shed some light on structural variations in other highly polymerized but chemically more
complex silicate glasses and melts such as acid magmas.
Recently, pressure-induced crystalline-toamorphous transformation in the solid state is the subject
of intense study. Hofler et aP reported that amorphous
SiO can be also recovered in a partially densified state
after compression at elevated pressures and temperatures.
It does not return to its normal density (2.20 gem"3) at
1 atm (105 Pa) and room temperature, but retains densities
up to about 2.6 gem"3, depending on the P-T conditions
of compaction. Seifert et al2\ and McMillan at aP\ reported that in the low pressure range, the compression
mechanism cannot be due to a variation of the stiff S i - 0
mean bond distance but must be assigned to change in the
Si-O-Si bridging angle or the number of tetrahedra per
ring. The high-pressure X-ray diffraction data at 25-35
GPa were measured by Hemley et al4\ They found
amorphization of crystalline silica. The structural data of
a-quartz in high pressure region were, however, not
obtained.
It is expected that X-ray absorption near edge
structure contributes to characterization of the compaction
mechanism of amorphization in a-quartz. This study
shows the experimental results of Si K-XANES analysis
of a-quartz, stishovite and amorphous a-quartz which
was synthesized by using a 6-8 anvil at 36 GPa.
Experimental
The Si K-edge XANES spectra were measured
in X-ray fluorescent mode at BL-8B using InSb(lll)
double crystal monochromator. The samples were finely
powdered and homogeneously deposited on the PVF
membrane. Intensity of the fluorescent X-rays was
measured by two SSD with three Si(Li) crystals.
Results and Discussion
The Si K-edge XANES spectra and their differential profiles are shown in Figs.l and 2, respectively. The
spectra of a-quartz and
amorphous a-quartz in Fig.l are very similar to
each other and show small differences only in
the energy region at 1855 eV. The spectral shape of
stishovite shown in Fig. 1 is different from other ones,
because stishovite has rutile type structure and each Si is
surrounded by six O, while it is surrounded by four O in
a-quartz. The XANES spectra of amorphous a-quartz is
similar to a-quartz and it is estimated that the Si atom in

amorphous a-quartz is coordinated by four O, and not six
0. A small modification in the peak position between a q u a r t z a n d a m o r p h o u s a-quartz spectra is indeed
evident in Fig.l. The peak at 1855 eV disappeared with
densification. This effect probably due to the minor
decrease of the Si-O-Si angle. This results are also
supported by Fig. 2, and are in good agreement with those
of recent shock-recovery studies.S) In this way, it was
possible to measure Si K-XAFS spectra of bulk samples,
and the structural information of amorphous a-quartz was
obtained by the XANES spectra.
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Introduction
The sulfur takes various oxidation states depending on its existing environment. Therefore, it is expected
that mineralogical samples exhibit a diversity of sulfur X ray absorption spectrum. So far, XAFS analysis of light
elements has been mainly applied to surface analysis, and
few data were reported on bulk state samples. But in the
case of geological samples, bulk data is required rather
than the data from sample surface.
This study aimed to collect fundamental data
in XAFS analysis of sulfur and applies it to the study
of the chemical state of sulfur in sodalite group
minerals. The crystal structure of the sodalite group
minerals can be described as having an aluminosiIicate (AlSiO 4 ) framework. Chemical state of sulfur
is interesting, because their cavities are occupied by
various forms of sulfur atoms. The samples used in this
work were haiiyne: (Na,Ca,K)g(Al5Si6024XS04): 2 , lazurite: Na6Ca2 (Al 6 Si 6 0 24 ) S 2 and helvite: Mn8 ( B e ^ O ^ )

has a tetrahedral structure.
The structure parameters r, n and a of the sulfur
atom were determined by a least-squares calculation
applied to the Fourier filtered A^-x(it) values over the k
range of 4.75 - 12.55 A"1. The inverse Fourier transformation was performed over the r range of 1.585 - 2.582
A. The best fit values are listed in Table 1. The S-Zn
bond length agrees well with the literature values.1} The
solid lines calculated using the obtained parameter values
well reproduce the experimental points, as depicted in Fig.
3(c). In this way, the quality of the XAFS spectra o b tained from these experiments were found to be satisfactory.
Reference
1)J. T. S. Van Aswegen et al.,Natun\>iss., 47,131 (1960).
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Experimental
X-ray absorption spectra were measured at B L - \
8B using an InSb(lll) double crystal monochromator. S 5
^j.
^
^««
K-edge XANES spectra of sulfide and sodalite group
minerals were measured in X-ray fluorescent mode. The
\ ^\
CaSO;oH o
EXAFS spectra of P-ZnS (sphalerite) were measured in a
S
transmission mode.
2470
2490
2510
Results and Discussion
X-ray energy (eV)
S K-edge XANES spectra of sulfide minerals are p j g j $ K-XANES spectra
>470
2490
2510
X-ray energy (cV)
given in Fig. 1. The absorption-edge energies were o f s u l f i d e m i n e r a l s a n d
Fig. 2 S K-XANES spectra
defined by the first intense peak of their differential spec- elemental sulfur,
of hauyne, helvite, lazurite
tra. The absorption-edge energies are As2S3 : 2464.3 eV,
and
sulfur standard.
m-HgS : 2465.8 eV, MnS : 2466.3 eV, CuS : 2462.8eV
and elemental sulfur : 2465.8 eV. In spite of the variety
Table 1 The S-Zn bond length r, the DebyeWaller factor a and the coordination
of the structures of these minerals, the absorption edge ? °
number
n for the sulfur atom in p-ZnS.
energies were similar to each other and were almost equal
to that of elemental sulfur.
this study
crystal data
S K-edge XANES spectra of the sodalite group
2.343
r (A) 2.32 (0.4)
minerals are given in Fig. 2. These spectra exhibited
L
o (A) 0.077 (0.8)
characteristic chemical shifts, as well as unique spectral
A
n
3.9 (0.8)
shapes. The spectra of hatiyne and helvite exhibited _ 0typical peaks of sulfate ions and sulfide ions, respectively. J
Although the spectrum of lazurite showed the peaks of ~
Fig.,3 (a) x(k) weighted by k3 for
sulfide and sulfate sulfur, the ideal formula of lazurite is
A/V^
P-ZnS, (b) The Fourier transforms
reported as Na6 Ca2 (Al6 Sig O24) S r The existence of
F(r) of the k3x(Jfc) for P-ZnS,
r(A)
sulfate ion was first found by this study.
3
*
A
tc)
The extracted EXAFS oscillations weighted by Jt
uncorrected for the phase shift, (c)
.A
h i
and its Fourier transform (uncorrected for the phase shift)
' *
A
The Fourier filtered k\(k) curves
are shown in Fig. 3 (a) and (b), respectively. The first
\
M A and its least-squares parameter fit
intense peak at 2.0 A in the | F(r) \ curves is due to the S "V
i V
for p-ZnS. The observed values
Zn bonds in P-ZnS. Peak at 3.5 A in Fig. 3 (b) corre; •
V
V
V
sponds to the non-bonding S-S interaction. The sulfur
are shown by dots and calculated
atom in the structure is surrounded by four zinc atoms and
ones are shown by solid lines.
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INTRODUCTION

Table 1. Prepared Coo.835Nbo.124Zro.041 thin films and
standard samples.
lapping
Sample
sputtering
heatpower (W)
treatment
(a)
600
(b)
600
0
600
733K,30min
(c)
(d)
600
873K,30min
1000
(e)
(f):Co, (g): Mb

Amorphous Co-Nb-Zr thin films are used as
magnetic materials in VCR heads. The films are
formed by sputter evaporation method and known
to be amorphous D2>. However, there have not been
enough investigations on structure changes of the
materials in manufacturing process. The authors
have analyzed the structure of the Co-Nb-Zr thin
films by fluorescent XAFS method.
EXPERIMENTAL
Samples:
Co-Nb-Zr thin films with different process
conditions were prepared for XAFS analyses as
listed in Table 1. Coo.835Nbo.124Zro.041 thin films
with thickness of 20 \im were deposited on
substrates of (Mn,Zn)Fe2C>4 single crystal. The
sample (c) and (d) were annealed and surface of the
sample(b) was slightly ground by so-called "lapping
" treatment. Cobalt (f) and Niobium (g) metal foils
were prepared as references. The samples were
measured by powder X-ray diffractomator
beforehand. It was proved that sample (a), (b) and (c)
were amorphous, and (d) and (e) were crystalline. A
lattice constant, c of the sample (e) was larger than
that of the sample (d) by 2%.
Measurement:
Co, Nb and Zr Ka fluorescent yield spectra
were measured at BL-8B. XAFS of reference foils, (f)
and (g), were measured by transmission method.

1

1

1

1

5 -

s. 4

-

"I
19.0

Sample (a)

1

19.1

19.2

19.3

19.4

Energy (keV)

Fig. 1. Nb-K XAFS spectrum of sample(a).
Table 2. Interatomic distance of Coo.835Nbo.124Zro.041
thin films and standard samples.
Sample Co-Co (nm) Nb-Nb(nm) Nb-Co(nm)

(a)

RESULTS

(b)

0.2432(3)
0.2437(1)

0.2749(2)
0.2769(1)

0.2776(2)
0.2811(2)

Figure 1 shows an example of a measured
XAFS spectrum of the Co-Nb-Zr thin film. The
measured spectra were analyzed by one electron
scattering approximation method and results are
shown in Table 2 and Fig. 2. The sample (d) was
annealed at 873K and known to have two phases of
a-Co and Nb-Zr alloy. Therefore, it was expected
that the sample (a) without heat treatment and the
sample (c) annealed at 733K have amorphous
structure similar to a-Co phase. Results of EXAFS
analyses were consistent to the foresight and the
analyses also suggested the growth of Nb-Zr clusters
by heat-treatment. Coordination numbers of Nb and
Zr around Co are decreased by heat-treatment,
however that of Co-Co, Zr-Zr, Zr-Nb and Nb-Nb are
increased. Effect of lapping process was estimated
using the sample (b). Coordination numbers of Nb
and Zr atoms are decreased and that of Co atoms are
increased by lapping. It suggests that Nb and Zr
atoms are separated from Co atoms and Co clusters
are grown by lapping.

(c)
(d)

0.2440(1)
0.2462(2)

0.2769(3)

0.2783(2)
0.2856(2)

-

0.2458(2)
0.2602(2)
(e)
(f):Co-Co=0.2487(l)nm/(g):Nb-Nb=0.2867(2)nm

asdepo. 733
873
(a)
(c)
(d)
Treatment temperature (K)

REFERENCES
DM. Ali et a/.:Appl. Phys., 16(1983) 2239.
2)H. Sakakima et a/.:IEEE Trans. Magn., Vol.MAG-19
(1983) 131.

as depo. lapping

(a)
(b)
Mechanical treatment
Fig.2. Coordination number of Co0.835Nb0.124Zr0.041
thin films.
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Introduction
Silicon dioxide and silicon nitride have been utilized
as dielectric capacitor films in dynamic random
access memories(DRAMs). Materials with higher
dielectric constants are required for highly integrated
devices such as 256 Mbit DRAMs. CVD Ta2Os thin
films have been extensively studied because of its
high dielectric constants and excellent step coverage
characteristics1). However the problem remains that
the current leakage of the capacitor film is not as good
as those of the conventional silicon compounds
capacitor. Some oxidation treatments should be
necessary because there are relations between the
leakage current characteristics and oxygen defects in
TasOs structure. The authors have investigated on
amorphous Ta2Os films by XAFS method to reveal the
relation between local structure of the Ta2Os and the
oxidation treatments.

Ta atom and the Ta-O interatomic distance(R)
increased after the annealing. The C.N. and R of the
sample (c) which had lower leakage current are close
to those of the reference material (d). The oxidation
treatment caused the local structure change to the Ltype Ta2C>5 and current leakage reduction of
capacitor film. It suggests that L-type
structure is essential for the capacitor film.
References
1)H. Shinriki et al., IEEE Electron Device Let. 10,
11(1989)
2) S. Ozutsumi et al., J. Electrochem. Soc. ML 5(19941

Table 1. Results of curve fitting analysis of TaLm-edge
EXAFS.
sample

Experiments
Four samples were prepared for XAFS
measurement as shown in Table 1. Tantalum
pentaoxide films with thickness of lOnm were
deposited on poly crystalline silicon film on silicon
wafer by low pressure chemical vapor deposition
(LPCVD) using Ta(OC 2 H 5 ) 5 and O 2 gas mixture
source. After the deposition, each film was annealed
by the different processes. L-type tantalum
pentaoxide was used as a reference material. Well
ground Ta2C% powder was annealed at 1273 K in dry
O2 to make L-type Ta2Os.
T a L m-edge fluorescent yield spectra were
measured at BL-8B. An incident x-ray beam was
monochromatized by a Si(311) double crystal
monochromator.

C.N.

R(nm)

(a) as-deposited.

3.9(2) 0.196(1)

873K,15min.
annealed G2
Arl073K10min
(b) annealed

5.7(2) 0.197(1)

(0 annealed O3 623K,10min. 6.4(2) 0.204(1)
(d) L-type Ta2O5

6.4*

0.205(1)

*Fixed parameter determined by X-ray diffraction.

(b) 873K in dryCfe,15min
+1073K in Ar.lOmin

Results and Discussion
The Radial Distribution Functions (RDFs)
obtained by Fourier transformation of %(k)k3 are
shown in Fig. 1. The largest peak of each RDF was
assigned to oxygen atoms around a tantalum atom.
Results of curve fitting analyses 2) are listed in Table 1.
The coordination number (C.N.) of O atoms around a

0.2

0.4

interatomic distance(nm)

Fig. 1. Fourier transform of TaLm-edge EXAFS.
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Introduction

Thermal instability

A new tandem type monochromator has been
installed in the beam line BL-8B. Monochromator
crystals of InSb(lll), Si(lll) and Si(311) are used in
the energy regions of 1.68 to 21.8 keV. The main
application of the beam line is measuring x-ray
fluorescent spectra for XAFS analyses of solid state
materials such as silicon compounds and
ferroelectric oxides. Therefore the authors did not
strive high energy resolution, AE/E less than 10-5,
however rapid scanning time and sufficient
resolution for XAFS of 10-4 order were aspired.

The monochromatic energy is described by the
9 angle, however it shifts with a temperature changes
of the first crystal heated by a synchrotron radiation
in proportion to a ring current and its projection,
cos9. The energy shift has not been measured
precisely yet, however the shift caused by the ring
current variation was estimated to be less than 5x10-4
during a half-day long measurements of TaL edge
spectra.
Table 1 Main axes of the monochromator
axis

Design features
6

Schematic illustrations of the monochromator
is shown in Fig. 1. A new type of monochromator
was designed to accomplish the main objective
which provides XAFS spectra rapidly. The first and
the second crystals were set on the 6-stage and the
crystals are rotated simultaneously. The height of
monochromatic x-rays is adjusted only by using a zstage which defines the distance between two
crystals. This type of monochromator has following
advantages; (1) that provides thermal stability of the
first crystal because an incident beam always radiate
the center of the first crystal, (2) that decreases an
angular deviation between angles of two crystals
because the second crystal moves only along the zstage.
Table 1 shows the features of main axes of the
monochromator. The 9 axis is driven from 10 to 80
degrees with angular resolution of 0.36 arc sec. A
monochromatized energy is defined by the 9 angle.
The A62 axis is rotated to align the Bragg angle of the
second crystal with resolution of 0.1 arc sec. The z
axis, which defines a distance between two crystals,
moves from 10 to 60 mm.
All the optics of the beam line were installed in
a high vacuum condition to decrease x-ray
absorption and scattering by windows and a beampath especially in low energy region less than 5 keV.
High vacuum-type stepping motors were used to
drive the axes of the monochromator and a base
pressure was less than lxl 0-5 Pa.
No focusing mirror was used in the beam line
while the monochromatic beam had been focused by
a bent cylindrical mirror before.
Two monochromators were connected tandem
as shown in Fig. 2. Usually one is equipped with
InSb(lll) crystals and the other is Si(311). Wide
energy range can be used easily by choosing a
monochromator.

^2

z

Bragg angle
alignment angle of the second crystal
azimuthal angle of the second crystal
distance between two crystals

first
monochrometor

minimum
step
0.36 "
0.1 "
0.1 "
0.2 j i m

second
monochrometor

X-ray

18

19
20
distance from light source(m)

Fig. 1 Schematic illustrations of the monochromator

incident X-ray
monochromatized
X-ray
.second crystal

Fig. 2 Side view of the tandem type monochromator
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Introduction
Recently, Fresnel zone plates (FZPs) have been
widely used as microfocusing optical devices in the soft
x-ray region and are usually fabricated using electronbeam lithographic patterning techniques. This patterning
technique can produce very high-resolution structures,
for example, a spatial resolution of 300 A has been
reported for x-ray, with wave lengths of 30 A , but is
limited in its aspect ratio (height /width) to around unity.
It is recognized that FZPs fabricated by this technique are
difficult to use in the hard x-ray region because the
absorber thickness is usually insufficient for stopping xrays. While optics such as the grazing incidence totalreflection mirror, the bent crystal, and the multilayer
mirror, have been developed, the availability of these
elements for widespread practical use is still limited.
Hard x-ray zone plates (ZPs) with high aspect ratios
have been fabricated previously by several groups * >2)
using physical vapor deposition (to produce alternating
transparent and opaque layers on a fine wire core) which
is so called sputtered-sliced ZPs. However, a submicron
beam has not been realized by either of these ZPs.
We are currently making sputtered-sliced ZPs by
physical vapor deposition, with alternating transparent
(carbon) and opaque (silver) layers on a fine gold wire
core to improve the spatial resolution and light-collecting
efficiency in the hard x-ray regions. In this report, we
describe the results of the focusing test with a brief
description of the fabrication process.

0.12 x 0.12 mm aperture in front of the ZP. The ZP was
located 28 m from the radidation source point. The
pinhole (0.05 mm<])) was placed 11 m in front of the ZP,
with an order selecting aperture (OSA: 20 M-rn^) made
from thin tantalum plate (thickness: 0.2 mm) located after
theZP.
The wire (0.2mm<|)) edge-scan profile is differentiated
to give a line spread function of the optical system. The
finest focused beam size obtained was 0.9 \xm§ at the
first order focal point (158 mm fron the ZP). Figure 2
shows the integrated x-ray intensities and the focused
beam profile. The efficiency of this ZP was determined
to be ~ 4% in the 8 keV x-ray, which is about one half of
that of the ideal FZP.
To improve spatial resolution of the ZP, it is
necessary to reduce the thickness error and irregular
structure of the zone boundaries.
Fig. 1 Scanning electron
micrograph of the zone
plate with 28 zones on a
y ^ ~~ fine gold wire core of 47

8806 25K

2500

Zone Plate Fabrication
Alternate mutilayer zones were constructed by dc
planar magnetron sputtering.2) The silver and carbon
concentric multilayers (28 layers) were deposited onto
rotating Au wire substrate of 47 (a.m(|) at a rotation speed
of 15 rpm.3) The designed focal length of the ZP was
158 mm for 8.05 keV x-ray. The film thickness of the
first inner layer (carbon) was 0.4 jam and 0.29 jam for the
outermost layer (silver). After deposition, the wire
sample was fixed into a melt solder, tightened and sliced
into a plate lmm in thickness normal to the wire axis.
Finally, the ZP was polished mechanically. The
thickness obtained was estimated at about 40 Jim. A
scanning electron micrograph of the present ZP is shown
in Fig. 1.
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X-rav Focusing Test.
The characterization of the ZP was performed on BL8C at the Photon Factory using 8 keV synchrotron x-rays.
For this experiment, SR beam from the normal bending
magnet was used with the beam monochromatized using
a Si(l 11) double-crystal monochromator and confined by
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Introduction
Phase-contrast X-ray imaging is sensitive to light
elements, such as carbon, nitrogen, and oxygen.
Demonstrative observations of biological specimens have
been reported,1"3' and the possibility of an application to
medicine has also been suggested.2' Thus, it is
experimentally clear that organic matter, which is difficult
to observe with absorption contrast, is observable with
phase contrast. As the next step, it is necessary to find out
what produces the image contrast. In a physical sense, the
origin of phase contrast is the distribution of the refractive
index inside a sample. To pick up biological information
from a phase-contrast X-ray image, however, we must
know how a histological structure is reflected in the image.
It has been reported that lipid distribution can produce a
structure in a phase-contrast image.2' Here, we concentrate
on the effect of blood on phase contrast. If the refractive
index of blood is different from those of other parts of a
body, blood contrast is expected in a phase-contrast X-ray
image.
Experimental
We measured the refractive index of human blood for
0.7 A, 0.8 A and 0.92 A X-rays with an X-ray interferometer.
We added 3.3% of heparin to a human blood sample to
prevent coagulation during the measurement. In addition,
the blood sample was tested by being separated into serum
and corpuscles with 0.8 A and 0.92 A X-rays. For
comparison, distilled water, physiological salt solution, and
acrylic resin were also tested. Samples were put in a liquid
cell made of acrylic resin. The X-ray exit side window of
the cell was inclined against the entrance side, and therefore
interference fringes of a regular interval appear. The fringe
interval is inversely proportional to the refractive index
decrement 8 from unity. By measuring the fringe interval,
the absolute value of 8 is determined.

In Figure 1, 8/X2 is plotted versus X using the measured
8-values listed in Table I. This is consistent in that 8 is
proportional to X2. The difference of 8 between samples is
significant. The 8 of corpuscles is especially large. This is
consistent in that corpuscles contain high concentration of
iron. On the contrary, the 8 of serum is comparatively
small. In line with this, the 8 of blood is about 3% larger
than that of serum due to the corpusclar ingredient in
blood.
The above results suggest that blood distribution should
produce a structure in a phase-contrast X-ray image. So if
phase-contrast X-ray imaging is applied to medical
diagnosis, blood vessels and internal bleeding might be
detected without contrast enhancement.
References
1) M. Ando and S. Hosoya, Proc. 6th International Conf.
of X-ray Optics and Microanalysis (ed. G. Shinoda et
al.) Univ. of Tokyo press. (1972) 63
2) A. Momose and J. Fukuda, Med. Phys. in press.
3) A. Momose, T. Takeda, and Y. Itai, Rev. Sci. Instrum.
63 (1995) in press.

• distilled water
O physiological
salt solution
A serum
O corpuscles
• blood
0 acrylic resin
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1.0
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Fig. 1 Plot of 8A,2 versus X using the measured values of 8
in Table I.

Results and discussion

Table I. Measured values>of8(xKT).

MA)

distilled
water

0.7
0.8
0.92

0.747

physiological
salt solution
0.751
0.949
1.306

serum

corpuscles

blood

acrylic
resin

0.999
1.321

1.049
1.385

0.775
1.036
1.353

0.861
1.129
1.486
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but also the condition inside the tumor were visualized by
using phase-contrast X-ray computed tomography.

Introduction
X-ray computed tomography (CT) reveals structures
inside an object nondestructively; the origin of the image
contrast is heavy elements with high X-ray absorbance.
Biological specimens consisting of light elements with low
X-ray absorbance therefore cannot be observed practically
without image enhancement with a contrast medium. Phasecontrast X-ray computed tomography (PCX-CT)1'2' has
been developed to overcome this problem. PCX-CT uses
the X-ray phase shift for its input data instead of |it. So,
reconstructed sectional images from PCX-CT map the
distribution of the refractive index inside the sample. The
image sensitivity of PCX-CT is estimated to be almost a
thousand times larger than that of the conventional X-ray
CT using absorption contrast. Therefore, PCX-CT is
promising for observing the structure inside organic matter,
such as a biological sample.
Experimental
We observed a cancerous rabbit liver. The liver was
fixed in 10% formalin. A sample was cut away from the
liver and was put in a sample cell filled with formalin.
PCX-CT uses an X-ray interferometer cut from a silicon
perfect crystal, and its experimental setup is shown in
Figure 1. When the Bragg diffraction condition is satisfied,
two beam paths are created. In one of the beam paths, the
sample cell was inserted. The sample was rotated in the
cell, which was fixed to the sample rotation stage.
Interference fringes caused by the sample were detected
with an X-ray sensing pickup tube. A wedge-shaped phase
shifter was inserted in another beam path to superpose the
external phase shift. This is necessary to read the X-ray
phase shift from interference patterns. The phase-shift data
sets read at each angular position of the sample were input
in a CT reconstruction algorithm.
Results and discussion
Figure 2 is one of the phase-contrast sectional images
of the cancerous sample. We used 0.92 A X-rays. A cancer
tumor is clearly observed in the center to upper-right area
of the image. Furthermore, structures in the tumor are
detected; the bright and marginal dark area might indicate
degenerative and active cancer cells. In the corresponding
absorption-contrast CT image (not shown), no structure
was detected. Thus, not only the position of a cancer tumor

References
1) A. Momose, Nucl. Instrum. Meth., A352 (1995) 622
2) A. Momose, T. Takeda, and Y. Itai, Rev. Sci. Instrum.
63 (1995) in press.
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Fig. 1 Experimental setup of PCX-CT.

Fig. 2 PCX-CT image of a cancer tumor in a rabbit liver.
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effect on the CVD reaction is explainable as the change of
chemical nature of the suppression layer from elemental
aluminum to covalent type aluminum carbide.
The detail of the photochemical reaction of the DMAH
molecules adsorbed on the Si surface is not clear. However,
in the gas phase experiment on dissociative ionization for
DMAH2), increase of H+ intensity and decrease of A1C2H6+
and A1CH3+ intensity according to the wavelength change
from valence to Al(2p) core excitation. We think that this
means the A1-CH3 bond breaking is notable in valence
electron excitation while C-H bond breaking is remarkable in
the core electron excitation. If this reaction occurs on the
surface decomposition, the change of chemical nature from
elemental aluminum to A1C is explainable, since Al
formation requires A1-CH3 bond breaking and A1C requires
C-H breaking.

INTRODUCTION
In our previous paper, we found clear photon energy
dependence in the synchrotron radiation induced growth
suppression effect in aluminum chemical vapor deposition
(CVD) on a Si surface. The Al growth was suppressed
perfectly by inner shell electron excitation." However, the
suppression effect was little in the case of the valence
electron excitation. The origin of the photon energy
dependence of the suppression effect is studied by the
chemical shift analysis of the suppression layer.
EXPERIMENTAL
SR irradiation experiments was carried out at the beam
line BL-9B. The photon energy was varied by cutting away
high energy photons by means of changing the incident angle
of SR to mirrors equipped in the beam line. To compensate
the photon intensity change when the cut off wavelength was
varied, the irradiation experiment of full wavelength region
was carried out in single bunch operation of the storage ring.
Dimethylaluminum hydride (DM AH) was used as CVD
gas. The suppression layer was formed on a Si(100) clean
surface by the 10 minutes irradiation with various spectrum
region at a temperature of 200°C. The Al LVV chemical shift
of the each suppression layer was measured by in-situ Auger
analysis.

REFERENCE
l)F.Uesugi and I.Nishiyama, Appl.Surf.Sci., 79/80, 203 (1994).
2)S.Nagaoka, I.Koyano, T.Imamura and T. Masuoka, Appl.
Organometal. Chem., 5, 269 (1991).
(a)

RESULTS AND DISCUSSION
Figure 1 shows the photon energy dependence of (a)
suppression efficiency and (b) Al LVV chemical shift of
suppression layer. The suppression efficiency in Fig.l(a) is
defined as the film-thickness ratio between SR irradiated and
non-irradiated area. The horizontal axis shows the upper
limit of the photon energy utilized for irradiation. The inner
shell energy of the related elements such as Al, Si and C, are
also indicated in the same figure for reference.
As shown in Fig.l(a), suppression effect is remarkable in
the core electron excitation region. Even the Al 2p
excitation, corresponding to the shallowest core level, is
sufficient to cause almost perfect suppression. The photon
energy dependence of the Al LVV chemical shift shown in
Fig.l(b) shows a good correlation with that of the degree of
suppression effect shown in Fig.l(a): The chemical shift of
the surface layer formed by valence electron excitation is
observed at 68 eV. This value means that metallic aluminum
is formed on the surface. On the other hand, the chemical
shift in the core electron excitation case is 64 eV which
corresponds to the value of aluminum carbide. Consequently,
the cause of the wavelength dependence of SR irradiation

(b)

0

100

200

300

CUT OFF PHOTON ENERGY / eV

Fig.l. Photon energy dependence of (a) the degree of the
SR induced growth suppression effect and (b) the Al
LVV chemical shift of the suppression layer on a
clean Si surface.
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INTRODUCTION
As stated in the previous article of this issue, we found
clear photon energy dependence in synchrotron radiation (SR)
irradiation effect for Al-CVD reaction on Si surface and the
cause of the energy dependence can be explained by the
chemical-nature change of surface layer formed in
photochemical reaction1'. When the surface is changed to
SiO2, initiation effect is observed and this effect also shows
clear photon energy dependence2'. In the case of the valence
electron excitation, only the Al growth initiation was
observed, while both the initiation and suppression effects
were observed in the case of the inner shell electron
excitation. To clear the origin of this wavelength dependence
of initiation effect,
we measured the photon energy
dependence for the surface layer composition formed by SR
irradiation by means of the Auger chemical shift analysis.
EXPERIMENTAL
The experimental procedure is the same as the previous
articles1*. Silicon dioxide film was formed by thermal
oxidization of silicon substrate. Two kinds of initiation
layers were examined by in-situ Auger electron spectroscopy:
One was the layer formed by 10 minutes irradiation, and the
other was 90 minutes irradiation. The CVD temperature was
fixed to 200 °C.

of the layer formed by valence electron excitation was 68 eV,
corresponding to metallic Al. The bonding nature of the
CVD film formed by core electron excitation is changed to
covalent(64 eV: carbide-Al).
The difference between 10 min irradiation and 90 min
one can be understood by the change of surface chemical
nature from SiO2 to Al due to CVD growth. In the initial
stage of irradiation, the surface is SiO2, where metallic
aluminum growth is dominant. When the surface changes
from SiO2 to Al by CVD growth, photochemical reaction
shows photon energy dependence like as silicon surface1*, i.e.,
metallic aluminum is formed in valence excitation and A1C
is formed in core excitation.
These observations show good agreement with the result
of CVD features shown in Fig. l(a). Consequently, the wave
length dependence of the SR irradiation effect on SiO2
surface can be explained by that of photochemical reaction
on SiO2 and grown Al surface and succeeding thermal
reaction.
REFERENCE
1)F. Uesugi and I. Nishiyama, the previous article of this issue.
2)F. Uesugi and I. Nishiyama, Appl. Surf. Sci., 79/80,203,(1994).
SiO, , CVD : 200 C , 90 min
E

SR IRRADIATION 10 min

60

RESULTS AND DISCUSSION
Results are shown in Figure 1, where (a) is the photon
energy dependence of the film thickness after 90 min CVD
time, which is the measure for the degree of initiation effect
and (b) is the Al LVV chemical shift of the initiation layer.
Closed circle corresponds to the data for 10 min irradiation
in the initial stage of the 90 min thermal CVD, and the
closed triangle to those of the full irradiation of the 90 min
CVD. In the case of the 10 min irradiation, only the
initiation effect is observed independently to the excitation
photon energy. On the other hand, in the case of the 90 min
irradiation, clear difference between valence and core electron
excitations was observed, i.e., initiation effect was observed
in valence excitation, while both suppression and initiation
effects are observed in core electron excitation region.
The Al LVV chemical shift of the initiation layer formed
by 10 min irradiation was 68 eV. This value means
elemental Al is formed on SiO2 surface, independently on the
excitation energy. On the other hand, the Al LVV chemical
shift of the initiation layer formed by the 90 min irradiation
shows clear photon energy dependence. The chemical shift
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complete suppression effect below 400 °C. The peak near
300 °C in thermal deposition reaction disappear in the case
of SR irradiation.
The oscillatory temperature dependence observed here is
essentially similar to those of clean Si case. However, in the
Si case, we observed two peaks, at 200 °C and 300 °C. We
explained the peculiar dependence as the combination of
several elementally reactions and the change of surface
composition. We assumed that hydrogen termination by
DMAH is responsible to the deposition-rate decrease from
200 to 250 °C and the formation of first peak, since this
effect was caused from the AES-non-detectable species. The
assumption based on indirect evidence is confirmed by the
present experiment. Namely, the first peak disappeared in
the experiment using the hydrogen pre-terminated Si surface.
The temperature range where SR irradiation effect is
observable is clarified to be below 400 °C, i.e., peak region
in temperature dependence. From the Auger analysis, we
confirmed that film composition formed by thermal CVD is
pure metallic aluminum and that aluminum carbide is formed
on Si surface in the initial stage of SR irradiation. Therefore,
we concluded that this chemically inactive A1C layer formed
by SR photochemical reaction is the cause of suppression
effect. Over 400 °C region, the film composition of thermal
CVD is aluminum carbide, so that SR effect is hidden and
disappear in this high temperature range.

INTRODUCTION
In the last several years, we have reported unique
photochemical effects of synchrotron radiation(SR) on Al
chemical vapor deposition(CVD), i.e., suppression effect on
Si surface and initiation effect on SiO2 surface. This effect
is very sensitive to the surface chemical reactivity and the
substrate temperature. In the last year's report11, we reported
the suppression effect observed on hydrogen terminated Si
surface which has intermediate chemical reactivity between
clean Si and SiO2 surfaces. The temperature range, however,
where clear inverse patterning was observed, is different from
clean Si surface. On the other hand, we found a strange
temperature dependence in the growth rate on Si surface, i.e.,
increase and decrease dependence2'. As the mechanism of
oscillatory temperature dependence, we proposed a model in
which hydrogen termination by CVD gas has an important
roll. To clarify the temperature range where SR irradiation
effect is remarkable, and the mechanism of oscillatory
temperature dependence, we examined the substrate
temperature dependence of SR induced CVD reaction
characteristics on hydrogen terminated Si surface.
EXPERIMENTAL
Experiments were carried out at the beam line BL-9B.
Hydrogen terminated silicon surface was prepared by dipping
the APM-cleaned Si(100) wafers in 1.6 % diluted HF
solution. No contamination was observed on the surface in
Auger electron spectroscopy(AES). The hydrogen termination
was checked by thermal desorption spectroscopy. Two
desorption peaks were observed clearly.
Non-monochromatized SR light(E<310 eV) was exposed
to the H-Si surface through a line-and-space steel mask.
Dimethyl aluminum hydride(DMAH) was used as the CVD
gas, which was supplied by molecular beam source. Substrate
temperature was varied from 150 to 700°C. The film
thickness of deposited aluminum was measured by a stepheight meter, Dektak 3030ST(Saloam Co.).

REFERENCE
l)F.Uesugi and I.Nishiyama, Photon Factory Activity Report,
#11 (1993) 190.
2)F.Uesugi and I.Nishiyama, ibid, #8 (1990) 163.
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RESULTS AND DISCUSSION
Figure 1 shows the temperature dependence of Al film
thickness grown on hydrogen terminated Si surface. The
CVD time was 90 min constant through experiment so that
film thickness in this figure is proportional to the deposition
rate. Characteristic features were found: 1) The deposition
rate for non-irradiated area, which means pure thermal
reaction, showed increase and decrease dependence, and
formed a peak near 300 °C. 2)SR irradiation showed almost
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Fig. 1. Temperature dependence of film thickness
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1. Introduction
Energy-dispersive X-ray diffraction1"6 using
synchrotron radiation (SR) is applied to very thin
polycrystalline films. We perform energy-dispersive
grazing incidence in-plane diffraction with synchrotron
radiation white X-rays (SR-EDGID) against a 95A thick
Ta 2 O 5 film. Ta 2 O 5 is a candidate for high-dielectric films
in the next generation LSIs.

io 4

860 A'

2. Experiment
Two thicknesses (95 and 860A) of Ta 2 O 5 films were
deposited on (100)Si substrates by low-pressure chemical
vapor deposition (LPCVD). The as-grown films were
amorphous, and were made polycrystalline by subsequent
annealing at 800°C.
SR-EDGID experiments were carried out at beam
line 9C of Photon Factory. Figure 1 shows the setup. The
glancing angle (eo), made by the sample surface and the Xray beams, was set at 0.24 degrees. The in-plane
diffraction beams at 34.9 degrees (26) from the incident
beams through a slit and a Soller slit were measured with
a Ge solid-state detector (SSD).
—

Slil 1
("»o=0.24 degx•
LJ—" IIH

- -

«ijT

J29=34.9 deg

SR white X-rays N

—-"^
Sample

Slit 2 ^ * ^
Soller slit
GeSSD

Fig. 1. Layout of SR-EDGID.

After the SR-EDGID measurements, X-ray
photoelectron spectroscopy (XPS) and Rutherford
backscattering spectroscopy (RBS) were performed to
identify any anomalous peaks in the SR-EDGID spectrum.
3. Results
The SR-EDGID spectra of the Ta 2 O 5 films
contained many diffraction peaks and Ta fluorescence
peaks, as shown in Fig. 1. Almost all diffraction peaks
were identified as orthorhombic-Ta2O5 peaks (JCPDS: 250922). However, we found an anomalous peak at 6.39keV
(d=3.24A), which could not be identified as reported Ta
oxides (Fig. 2, I). The peak appeared only in the 95A
thick film, and clearly differs from the normal diffraction
peak of the 860A film at 6.51keV (d=3.17A).
XPS measurements indicated the presence of Si on
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Fig. 2. (a) SR-EDGID spectra of 95 and 860A Ta 2 O 5
films, (b) An extension of the region near an anomalous
peak (I).
the 95A Ta 2 O 5 film, and its absence on the 860A film.
RBS could detect the surface Si of the 95A film. The
spectrum contains a very small and sharp peak indicating
that Si precipitated just at the surface. The amount of Si at
the surface is estimated at about 5A or less by fitting with
theoretical curves, assuming the precipitates to be Ta-Si.
Based on the above results, it was shown
experimentally that SR-EDGID can detect 5A thick Ta
silicide precipitates on a T a ^ j film. The results indicate
that SR-EDGID as a crystallographic analysis method
yields an unparalleled high sensitivity for polycrystalline
materials. Energy-dispersive X-ray diffraction has not been
applied sufficiently to non-organic polycrystalline materials
until now. After this study, we expect SR-EDGID shall
applied to polycrystalline substances in many fields.
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Introduction

As it can be seen, there is no chance for incident and
diffracted X-rays to experience the air. At first the air
in the "coffin" is evacuated roughly by a rotary vacuum
pump for a couple of minutes, and then the He gas is
subsequently introduced. It takes about 30 minutes to
reach the oxygen concentration of 0.1 at% in He
ambient atmosphere. It was observed by oxygen sensor
that the oxygen concentration of less than 0.5 at% was
kept constant for 24 hours under the closed condition.
Less than 0.1 at% oxygen concentration, if it is desired,
can be achieved by keeping He gas flowing. As an
examination of this system, the EXAFS spectra on TiO
and thin film SrTiO3 were observed with and without
the system.

Transition metals oxides are really fascinating
elements, since they show fruitful electronic properties
from
ferroelectrics, magnetism to superconductors,
moving from light to heavy elements. Since the energy
of K-absorption edge in the light transition metal
elements such as Ti, however, is less than 5keV, XAFS
and/or diffraction experiments employed with anomalous
dispersion on samples consisting of Ti are not allowed
in an air-atmosphere. The transmission and fluorescence
XAFS measurement could be performed with an
evacuated flight path in order to reduce the air-path
length as short as possible. On the other hand, since
the diffraction experiment requires the several X-Y slits,
soller slits and sometimes analyzer crystal, more
windows compared with the case of XAFS experiment
should be installed before the diffracted X-rays reaches
a detector. As a consequence, the absorption by the
windows, even if a thin capton film (8um in thickness
is available) is used, kills the X-ray intensities.
In this report we will show a newly developed
enclosing system with He gas which allows to carry
out XAFS, DAFS and diffraction employed anomalous
dispersion with an energy over than 4 keV.

Results
Figure 2 shows the result of the fluorescence
XAFS measurements on TiO observed with the system,
together with the data taken without the system. As
seen in the figure, the oscillation in the extended region
as well as the edge step was observed clearly in the
spectrum taken with the system, but not without the
system. Then, it can be concluded that the system
works very well.
'

Figure 1 shows the block diagram of the system.
The whole equipments of a 0-29 table, ion chambers,
Lytle and solid state detectors are covered with an
ethylene vinyl alcohol copolymer, named EVAR (Kurare
Corp.), which is used in order to keep the system
under the He atmosphere. The size of this "coffin" is
1700(1) x 600(w) x 600(h) mm3.
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Fig. 2. TiO XAFS spectrum with and without the
system
Also, the thickness of 80nm of SrTiO3 thin film was
found to be good enough for getting the XAFS
spectrum with reasonable statistics.

Fig. 1 Block diagram of the enclosed system with He
gas for XAFS and diffraction experiments.
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spectrum of tetrahedral site Fe.3+ ion extracted from
Fig. 1. It was confirmed that the pre-peak structure
for XANES of YIG are mainly produced by
3+ •
tetrahedral site Fe ion.
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Experimental
The sample was a YIG single crystal film grown
epitaxially on a GGG (111) substrate.
The DANES measurements were carried out with
a Si(311) double crystal monochromator at BL-9C.
The DANES signals were measured around the Fe
K-edge for the three different Bragg peaks listed in
Table I. Figure 1 shows the DANES spectrum of
the (332) Bragg peak from YIG.
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Introduction
It is well known that x-ray absorption near edge
structure (XANES) at Fe K-tdge of various Fe-oxide
generally shows the so-called pre-peak structure.
Recently, site-specific XANES spectra from a
[Y3Fe2(FeO4)3] YIG single crystal under a standing
wave field was observed and it was reported that the
pre-peak structure for XANES are mainly produced
by Fe3+ at the tetrahedral site in ferrimagnetic YIG.1*
The diffraction anomalous fine structure (DAFS)
study gives also site-specific information for the
inequivalent sites of a single atomic species within
the unit cell without any requirement for crystal
perfectness.2>
In this paper the diffraction
anomalous near edge structure (DANES) spectrum
of each site Fe 3+ ion in YIG single crystal is
presented.
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Fig.l DANES spectrum of (332) Bragg peak from
YIG.
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Results and Discussion
The DANES intensities were corrected for
absorption using the measured substrate peak
intensity at the same energy range. The variation of
peak intensity of substrate around the Fe K-edge can
be regarded as the absorption of the YIG film.
The DANES spectrum of each site Fe3+ ion in
YIG was determined. Figure 2 shows the DANES
Table I. The crystallographic weights for three
Bragg reflections of YIG. Where j\Td),jXOh) and
3+
j\Y) are form factor of the tetrahedral site Fe ion,
3+
3+
the octahedral site Fe ion and Y ion, respectively.
(h,k,t)
(332)
(422)
(444)

-8
8
-24

./(Oh)
0
16
16

a

-5
72

7.1

Energy / keV
3+ •

Fig.2 DANES spectrum of Tetrahedral site Fe ion.
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would fit all the data for the same fabrication process.
This clearly shows the existence of a degraded layer of
SiO2. The thick SiO2 films are composed of two layers
with different densities; a low density (2.37-2.40 g/cm3)
structural transition layer next to the Si substrate and an
upper layer with bulk SiO2 density (2.55-2.60 g/cm3).
Thinner films consist of the structural transition layer
only. The densities of the structural transition layer agree
with the value 2.45 g/cm3 for films 1.59-5.57 nm thick
obtained with a nuclear reaction method using dry 18O2
gas. In thick films, the thickness of the structural
transition layer films is 7-8 nm. This thickness coincides
with the thickness at which a rapid decrease of the
breakdown charge (Qbd) occurs in constant current time
dependent dielectric breakdown (TDDB) measurements1'.
In order to investigate stress in the silicon substrate
around the SiO2/Si interface. The half width at half
maximum (HWHM) of the x-ray rocking curves of all the
samples are shown in Fig. 2. We find that in the thinnest
SiO2 films, the HWHM value on the low angle side is far
from the expected value (dashed line). The origin on the
broadness at the low angle side is a lattice expansion in
the [311] direction.
A d / d is roughly estimated to be the
order of 10'3-10~\ Thus, the degraded SiO2 layer is indeed
stressed. This may also be the reason for the existence of
the degraded layer of SiO2.

Introduction
For future LSI devices with high density memories,
the necessary gate oxide thickness is estimated to be
around 5-10 nra. For this thickness regime, a rapid
decrease of the breakdown charge (Qbd) of SiO2 films has
been observed in constant current time dependent
dielectric breakdown (TDDB) measurements. The
electronic properties of such thin films are affected by the
structure of the SiO2 films. The existence of a structural
transition layer at the SiO2/Si interface has been reported.
Even a crystalline phase has been found at the SiO2/Si
interface. In spite of a number of structural studies of the
SiO2/Si interface, there are many remaining problems,
such as the difference in the production processes or the
initial oxidation mechanism.
In this report, the x-ray intensity of the silicon
substrate 311 reflection in an extremely asymmetric
scheme of small incident angle and large exit angle has
been measured for various silicon oxide thickness. Using
the absorption of the SiO2 films, it is found that a
degraded structural transition layer (7-8 nm) of SiO2
exists at the SiO2/Si interface, with a density lower than
that of bulk SiO2". The density is obtained from the slope
of x-ray intensity versus SiO2 thickness plots. X-ray
rocking curve studies reveals that the degraded SiO2 layer
is highly stressed. This stress is the reason for the
existence of the low-density degraded SiO2 layer.
Experimental

Reference
1) E.Hasagawa, K.Akimoto, M.Tsukiji, T.Kubota, and
A.Ishitani, Ext. Abs. 1993 S.S.D.M., Makuhari, p.86-88.
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SiO2 films were thermally grown on undoped FZ
silicon (100) substrates to avoid the influence of oxygenrelated bulk imperfections which appear in CZ substrates.
Both surfaces of the substrate wafers were finished by
mechano-chemical polishing techniques to avoid backside
damage which would otherwise give surface-side strain
fields and also warp the wafer upon forming the SiO2
films. All fabrication processes of the SiO2 films were
performed in ultraclean facilities, capable of producing
state-of-the-art dynamic random access memories. SiO2
films were fabricated in usual resistance-heated quartz
furnaces under two different conditions: at a substrate
temperature of 900°C in dry 02 gas and at 750°C in a
pyrogenic steam. The thickness of the SiO2 films ranges
from 3.5 to 10.5 nm.
The x-ray intensity of the silicon substrate 311
reflection was measured in an extremely asymmetric
scheme. By using successive asymmetric 311 reflections
from the monochromator crystals, the angular divergence
of the x rays impinging on the sample was less than 0.1
arcsec. The 311 reflection was used in a parallel setting to
avoid wavelength-dispersion effects.
Results and Discussion
The integrated intensity is obtained from incidentangle scans by summing the data of intensities from -160
arcsec to 160 arcsec. All the experimental results and
fitted curves are shown in Fig. 1. The fitting parameters
for the theoretical curves in Fig. 1 are only the density of
the SiO2 films and an overall scale factor. In Fig. 1, data
for samples having only the native oxide formed during
the wafer cleaning process are also shown and labeled
"clean". These data were not included in the fits, yet the
fitted curves for various fabrication processes accidentally
pass through them.
We found it impossible to find a single'curve which
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Introduction
A series of crystalline phases of RA103(R;rare earth
elements from La through Lu) crystallize in perovskite-type
structures with slightly deformed lattices from the ideal cubic
structure. RAIO3 with lower atomic numbers show trigonal
symmetry with rhombohedral lattices, and those for higher
atomic numbers are orthorhombic. CeAlC>3 exceptionally
takes tetragonal system. Most of phases of RAIO3 have
twinned textures which are supposed to be due to a phase
transition. Deformation from the ideal cubic to rhomboheral
or orthorhombic lattice of each phase is smaller in the phase
with smaller atomic number. Thus, the values of a and c of
orthorhombic SmAlOj are very close to each other because of
the smallest deformation in the orthorhombic lattices.
Therefore, it is very difficult to decide for SmAlC^ to be
orthorhombic and to analyze twin structure. The analysis of
such a twinning will be important in order to know the actual
physical properties of the crystals, and also to predict its
higher temperature structure. In this investigation, the
parallel property of synchrotron radiation (SR) was applied to
analyze twinning of SmAlC^, and the results were compared
with those obtained by conventional laboratory X-ray source.

domains. If we scan along the c-axis using conventional fourcircle diffractometer, the 008 reflection gives a profile shown
by A in Fig. 2. However, scanned result by SR with the same
COUNTS

A: 20-co scanning
profile of 8 0 0
reflection by
laboratory Xray source.
B: see text.
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Fig. 3 29-© scanning of
Fig.4 20-co scanning of
0 0 8 by SR.
0 12 0 by SR.
specimen and the same reflection as used above gives a
doublet shown in Fig.3. The peaks of lower and upper angles
correspond to 008 of the first domain and 800 of the second
domain, respectively. If we put this result on the former
profile as shown in B of Fig.2, the split of 008 j and 800 JJ
is much smaller than the split of Kaj and Kct2- On the other
hand, 0 12 0 reflections are not splitted as shown in Fig.4.

Experiments
Single crystals used in this experiment were synthesized
by flux method and crystals are almost cube with 10|«n in
edge. Single crystal diffractometer of BL-10A at KEK-PF
using wave length 0.70A monochromatized by Si(l 11) and
conventional four-circle diffractometer using 0.71 A (MoKa)
monochromatized by pyrolytic graphite were used in this
experiment. In BL-10A, the distances from monochromator
to specimen and specimen to detector are 250cm and 50.2cm,
respectively. The front slit(SL2) which is 65.2cm apart from
the specimen is 0.5mm<J), and that the rear slit(SL3) which is
just before the detector is 10mm<|> which is large enough to
detect both reflections of twinned domains. Schematic
diagram of reciporcal lattices of twinned crystal is shown in
Fig. 1. The numbers I and II denote the first and the second

Results and discussion
The resutls of a=5.295(2)A and c=5.279(2)A were
obtained by independently analyzing each lattice of twin
domains by SR X-ray sources. As a result, obtained twin
relationship between two domains are
, .
a I
/ 0.0024 0.0005 1.0041 W a i
b
= -0.0001 0.9990 -0.0004
b\

c fr \ 0.9980 -0.0004 -0.0007/ \ cfa.

Comparing with these results, the lattice constants obtained
by a four-circle single crystal goniometer and powder
diffractometer using laboratory X-ray sources were
5.286(1)A for both a and c, and 6=7.475(1)A. Thus, it will
be worthy to note the excellent diffraction peak resolution by
SR X-ray sources. For the structure analysis, however, some
improvement will be needed for the collection of integrated
intensities from the independent domain.
Ref. 1) P.D.Demier and Maines, Mat.Res.Bull,6(1971)433,
2) M.Tanaka et al., J.AUoys & Comp., (1993)1271,
3) Shishido et al., l.Alloys & Comp.,(1994)Ll 1,
4) Horiuchi et. al, SR Meeting Collected Abst.(1994)73.
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Introduction
An exact structure analysis of
superlattice materials has been
still difficult problem because
of extremely weak intensities of
superlattice reflections. The
method proposed by Soejima and
Fischerl) has been applied to
superstructure determination of
PbZrO3Using X-ray anomalous
dispersion at PbLm and ZrK
absorption edges.
Intensities
of several superlattice
reflections were observed as a
function of incident energy and
the result indicated that Zr
atom has displacement which
contributes to the superlattice
along c direction2). This
contradicts the models reported
before3,4, 5 , 6 ) .

compaTing with those given by
Jona et a l . 3 ) , and Glazer et
a l . 6 ) , shown in (b) and ( c ) ,
respectively. Though the result
in the present work does not
satisfy us with large R-factor,
it is emphasized that the model
in the figure (a) Is an possible
structure to explain the effect
of anomalous dispersion on the
superlattice reflections.
1) SoeJIina Y. and Fischer K.F. Z.Krlst. 184.
7h85 (1988)
2) Soejima Y., Naglno K.. Ilda M.. Okazakl A.
and Fischer K.F. Photon Factory Activity
Report #_10, 209 (1992)
3) Jona F.. Shirane G., Mazzl F. and Peplnsky
R. Fhys.Rev. ±05. 849-860 (1957)
4) Fujlshita II., Shlozakl Y.. Achlwa N. and
Sawaguchi E. J.Phys.Soc.Jpn., !H 3583-3591
(1992)
5) Tanaka M. Sal to R. and Tsuzuki K. J.Phys.
Soc.Jpn., 5± 2635-2640 (1982)
6) Glazer A.M., Roleder K. and Dec J. Acta
Cryst. B49, 843-852 (1993)

Experimental
To determine the superstructure
which can well explain the
energy dependence of superlattice reflections at
absorption edges, the data
collections were made near the
edges within s i n £ A * 0 . 7 A"1 ,
assuming lower symmetry of space
group reported in the references. After the collections
for monitor intensity,
absorption and Lorentz factor,
structure factors were obtained.
The program to search a
reasonable atomic coordinates in
minimum R-factor has been coded
in FORTLAN.
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Results and discussions
As a result, the minimum Rfactor was found to be 0.197.
The superstructure is
illustrated in the figure(a),

s

\

\

y

. 0,5. 075

Illustrations of Pb and Zr displacements, (a) in the
present work,(b) and (c) are given in references 4)
and 6 ) , respectively. Pb atoms(closed circle) H e on
the ab plane at z-0 and 0.5, and 2r(open circle) at
z-0.25 and 0.75. Tips of tail Indicate
the original
positions in Ideal perovsklte structure. Signs + and
- mean a small shift to + and — direction along z.
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STRUCTURAL STUDY OF PHASE F,

SYNTHESIZED AT 1000 °C AND 17 GPa

Yasuhiro KUDOH1^, Toshirou NAGASE*), Satoshi SASAKI2^,
Masami TANAKA3\ and Masami KANZAKI4)
Dlnstitute of Mineralogy, Petrology
University, Sendai 980, Japan
2)Research Laboratory of Engineering
Yokohama 227, Japan
3)Photon Factory, National Laboratory
4)Department of Inorganic Materials,
Japan

and Economic Geology, Faculty of Science, Tohoku
Materials, Tokyo Institute of Technology, Nagatsuda,
for High Energy Physics, Tukuba, Ibaraki 305, Japan
Tokyo Institute of Technology, Meguro, Tokyo 152,

Single crystals of supferhydrous phase
was determined based on
the t h r e e F were synthesized by Kanzaki (1) using
dimensional Patterson synthesis and was
a multi-anvil high pressure device. The
refined
with
the
full-matrix
leasteffect of pressure on phase F is of
squares method. Final agreement factors
primary
importance
for
its
possible
for 85 Fo's used were R=11.5% and
occurrence in the subducting slab at
wR=12.3%. This high value of R reflects
transition zone depths (410-660 km) of
a problem associated with the X-ray
the earth's mantle but its true unit
diffraction intensity measurement on a
cell and structure have remained unknown
very small crystal of low degree of
to date. This paper reports the results
crystallinity. The s t r u c t u r e is based on
of our structural study at room pressure
the ABCBAC type doubled cubic closest
with the synchrotron radiation on a
packing arrangement of oxygens. Mean
small single crystal of phase F synthebond distances are 2.07(8) A, 2.08(8) A
sized at 17 GPa and 1000 °C
and 2.16(8) A for (Mg.Si)Og octahedra
Two crystals (specimens #1 and #2)
and 1.89(7) A and 1.79(4) A for SiO4
were selected and were identified
as tetrahedra.
phase F by their chemical composition
and X-ray diffraction patterns obtained
Table 1. Crystallographic data for phase F
with a Gandolfi
camera. Since these
crystals were of about 30 U m in diameter
Size of the specimen
and were too small for characterization
30x24x18 um (specimen #2)
with a conventional X-ray source, they
Unit cell parameters
were examined
with
the
synchrotron
Hexagonal, P63cm
radiation using the vertical type foura=5.073(3) A, c=14.013(9) A, V=312.3(5) A3
circle diff ractometer at the beam line
Chemical composition
BL-10A. From the results of peak search
Mg
3.35Si5.51H7.26°18' Z = 1
procedure, crystal
#1 proved
to
be
(the difference of the total weight is
twinned. Crystal #2 was untwinned and
ascribed to H2O)
used for X-ray measurement. A set of XNo. of independent Io measured (sin 9 / \ <0.71)
ray diffraction intensities up tosin6/A
Io>3.0olo: 118, No. of Io used: 85
=0.71 were measured with the monochromaR=11.5 %, wR=12.3 %
tized synchrotron radiation of the wave
References
length of 0.7065 A by the S i ( l l l ) . The
results of X-ray measurement are summa- 1)M.Kanzaki,
Planet.
Phys.
Earth
rized in Table 1.
The crystal
structure
Inter., 66, 307 (1991).
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STRUCTURE ANALYSIS AND DIFFERENCE ELECTRON DENSITY OF CaFeO3
CONTAINING Fe4+
Shotaro MORIMOTO1), Takamitsu YAMANAKA2) and Masahiko TANAKA3)
l)Faculty of Engineering Science, Osaka University, Toyonaka 560
2)Faculty of Science, Osaka University, Toyonaka 560
3)Photon Factory, National Laboratory for High Energy Physics, Tsukuba 305
Results and Discussion
Introduction
After the excitements of high-T c superconductor
CaFeO 3 has a tetragonal unit cell in which
since 19861), perovskite and perovskite-related
contains four formula units and whose dimensions
oxides containing transition metal cation have been
are: a=5.348(l)A, c=7.573(l)A and a=5.341(l)A,
drawn special attention.
c=7.559(l)A at 293K and 113K, respectively. The
4+
crystal structure of CaFeO3 at 293K and 113K has
The octahedrally coordinated Fe in the high
been determined as a orthorhombic perovskite
spin state having one eg electron is expected to
structure (Pbnm(No.62)) having orthorhombic
provide the cooperative Jahn-Teller effect. A
symmetry. No structural change at 113K from
strong electron-phonon coupling is anticipated the
293K was observed. The observed F e 4 + - 0
oxides containing Fe4+. CaFeO3 and SrFeO3 are
distances is similar to that of SrFeO 3 . No
known as oxides containing octahedrally
cooperative Jahn-Teller distortion of Fe 4+ O 6
coordinated Fe4+, and which are having simplest
octahedra is observed. Fe-O-Fe angle of ca. 160°
chemical composition. The Mossbauer spectrum of
2
4+
in GaFeO3, in contrast to that of 180° in SrFeO3,
CaFeO3 > suggests that Fe in CaFeO3 exhibits a
might change the Fe-O-Fe interaction and cause
charge disproportionation reaction into Fe3+ and
the charge disproprotionation reaction.
Fe 5+ below 290K in contrast to that in SrFeO 3
keeping its valence state in decreasing temperature
The difference electron density map on the
down to 4.2K.
(110) plane at 293K is shown in Fig.l. A positive
peak with 1.2eA"3 height observed at the middle of
All reports on CaFeO 3 were using a powder
Fe-0 bonds suggests its strong covalency.
sample because of difficulties in synthesizing of
single crystal. We have prepared a single crystal
under high oxygen partial pressure and examined
References
the crystal structure and the difference electron
1) J.G. Bednorz and K.A. Muller, Z. Phys. B46,189 (1986).
density of CaFeO3 at room temperature(293K) and
2) M. Takano, N. Nakanishi, Y. Takeda, S. Naka and T. Taka113K, which is enough low temperature to occur
da, Mater. Res. bull. 12,923 (1977).
the charge disproportionation reaction of Fe4+.
Experimental
A single crystal of CaFeO 3 whose size is
60x60x50(xm3 were synthesized utilizing a reaction
under high oxygen partial pressure applying 2GPa
and 1273K by means of a piston cylindrical device.
Collection of diffraction intensities were performed
using the vertical-type four-circle diffractometer at
the BL-10A station with the monochromated
synchrotron radiation of X=0.6985A by monolithic
S i ( l l l ) crystal. A cold nitrogen-gas blower were
employed in the low temperature experiments. A
set of intensities up to sin8/X = 1.01A"1 were
measured at the co-28 scan mode. Isotropic thermal
treatment was applied for all atoms. Final R-factor
values were 0.033 and 0.036 at 293K and 113K
respectively. The electron density maps were
obtained using the difference Fourier method.

Fig.l. The (110) difference-Fourier map of CaFeO3 at 293K.
Contour lines are drawn at intervals of 0.2eA"3; positive contour are solid; negative contours are dashed.
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XANES Study on Pt L-Edges in Transition-Metal Pt Alloys
H. MARUYAMA, F. MATSUOKA, K. KOBAYASHI and H. YAMAZAKI
Department of Physics, Faculty of Science, Okayama University,
3-1-1 Tsushima-Naka, Okayama 700, Japan
INTRODUCTION

amount of integrated intensity. The branching
ratio is evaluated to be I(L^I[I(L^+I(L£\=
0.82 ±0.02 in the series. The observed ratio
indicates a deviation from the statistical value
(2/3=0.67) of the atomic branching ratio.
Although such a deviation has been interpreted
as the dominant o?6/2-character of the 5d-states
due to a large spin-orbit interaction,[3] it is
inconsistent with the results of MCXD that Pt
5rf-bands possess no orbital moment in the
MnPt 3 compound. [4]

The magneto-optical sum rules proposed by
Carra et al.[l] of magnetic circular X-ray
dichroism (MCXD) are powerful tool for studying
magnetism because of a possibility of direct
separation of orbital and spin magnetic moments.
As we apply the MCXD data to the sum rules,
several difficulties in actual analysis restrict the
reliability of result. In particular, estimation of
white-line intensity is a serious problem. Even
at the L-edge of transition metals or rare-earth
elements, it is generally difficult to do the
estimation. It leads to the uncertainty of hole
population in valence d-bands. In this report,
we present the procedure to estimate the
integrated intensity of white-line in the Pt Ledge XANES spectra. The Pt L-edges have also
attracted interest in connection with the
anomalous feature in the white-line spectra.

References
[1] P.Carra, B.T.Thole, M.Altarelli and
X.Wang, Phys.Rev.Lett.70 (1993) 694.
[2] M.Brown, R.E.Peierls and E.A.Stern,
Phys.Rev. B15 (1977) 738.
[3] L.F.Mattheiss and R.E.Dietz,
Phys.Rev. B22 (1980) 1663.
[4] H.Maruyama et al., J.Mag.Mag.
Mater., 140/144 (1995).

EXPERIMENTAL
The TM-Pt (TM=Cr, Mn, Fe and Co) alloys
were prepared by arc-melting method under an
Ar atmosphere. The Cu3Au-ordered phase was
realized by a suitable thermal treatment and
verified by X-ray powder diffraction. The XANES
spectrum was measured on the beamline of 10B
equipped
with
a
Si(311)
channel-cut
monochromator.

•f

RESULTS AND DISCUSSION

X

Figure 1 shows the normalized XANES
spectrum at the Pt L3- and L2-edges in the
MnPt 3 compound.
For an estimation of the
integrated intensity of white-line, we adopted the
standard procedure composed of the following two
steps: First, to rescale the spectrum, the L2
XANES spectrum is multiplied by a factor of
2.52, which is defined as a rescaling factor, so as
to coincide with the L3 XANES spectrum at 40
eV above the aligned edges. The present value
deviates significantly from the factor of 2.22 in
pure Pt[2].
Second, an arctangent curve as a continuum
background was subtracted from the normalized
spectrum. Actually, the observed XANES
spectrum can be well reproduced by the
superposition of a resonant absorption with a
Lorentzian line shape and a continuous one
represented by the arctangent curve, as shown in
Fig.2. The white-line profile decomposed by a
Lorentzian with FWHM~7 eV gives an adequate

-30

30
E-Eo (eV)

E-Eo (eV)

Fig.l. XANES spectra at the L3- (left) and L2edges (right) in the MnPt 3 compound.

X

-30
E-Eo
Fig.2. The XANES spectrum at the Pt L3-edge.
The broken line shows an arctangent curve.
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XANES Spectrum at Fe K-Edge in Ferrimagnetic Fe-Compounds
H.MARUYAMA, N.KAWAMURA, K.KOBAYASHI and H.YAMAZAKI
Department of Physics, Faculty of Science, Okayama University,
3-1-1 Tsushima-Naka, Okayama 700, Japan
INTRODUCTION
X-ray absorption spectrum at the Fe K-e&ge in
various Fe compounds generally exhibits the
so-called pre-peak structure interpreted as the
ls^Sd
dipole-allowed transitions[l-3].
This
characteristic structure has attracted interest in
connection with the electronic states of Fe3+ or
Fe2+ ions lying at tetrahedral (Td) or octahedral
(Oh) environment. Since the ferrimagnetism in
Fe-oxides is ruled by the Fe-ions, the information
about site contribution to the spectrum is useful
to understand the local environment of the Fe
ions for the magnetic ordering. In this report,
XANES spectrum at the Fe if-edge in several
ferrimagnetic Fe-oxides is presented.
EXPERIMENTAL
The following Fe-oxides were prepared: YIG
and Ho-IG (a notation of Fe ion configuration is
[3Fe3+]Td[2Fe3+]ohO2~12) with garnet structure,
magnetite ([Fe3+]Td[Fe2+Fe3+]ohO2-4) and Li-ferrite
([Fe3+]Td[1.5Fe3+]ohO2"4)
with
inverse
spinel
structure, maghemite (r-Fe 2 O 3 : [Fe3+]Td
[5/3Fe3+loh02"4) with spinel structure, Ba-ferrite
(BaO • 6Fe2O3) with magneto-plumbite structure,
and hematite (a-Fe 2 O 3 ) with corundum structure.
XANES spectrum was recorded on the beam-line
10B equipped with a Si(311) channel-cut
monochromator. The energy calibration was
carefully made at the shoulder of X-edge in Cu
foil.

with the coordination number of ligand and the
degree of distortion from the inversion
symmetry[3].
From a comparison between garnet and inverse
spinel about Fe-ion configuration and magnetic
ordering, one can conclude that the pre-peak
structure is completely originated in the Fe3+ ion
lying at the Td-sites, and the main absorption is
mainly ascribed to the Fe3+ and/or Fe2+ ion lying
at the Oh-sites. The pre-peak structure can be
interpreted as the ls-»-3d dipole transitions
allowed at a T^-site by the mixing between Fe
3d-4p orbitals through the hybridization with 0
2p orbitals [4].
However, several questions
remain for the spectrum: Chemical shift of about
10 eV between the pre-peak structure and the
main absorption, the white-line like enhanced
absorption in spinel, the flat crest in garnet, and
so on.
References
[1] LAGrunes: Phys.Rev. B27 (1983) 2111.
[2] G.Calas and J.Petiau: Solid State Commun.
48 (1983) 625.
[3] GAWaychunas, M.JApted and G.E.Brown,Jr.:
Phys.Chem.Minerals 10 (1983) 1.
[4] I.Harada and A.Kotani: J.Phys.Soc.Jpn. 63
(1994) 1285.

Fe K-cdg&
pure Fe

RESULTS AND DISCUSSION
The Fe i<T-edge normalized XANES (tit) spectra
in the Fe-oxides and pure Fe are shown in Fig.l.
The pre-peak structure is commonly observed at
the energy specified as 7.111±0.001 keV for the
present Fe-oxides. In pure Fe, a bump on the
lower energy side is just located on the position
of the pre-peak, which suggests that these
structures should be ascribed to the similar
origin and the difference results from the
difference of electronic states, i.e., metal and
insulator. Moreover, it seems that the pre-peak
structure is not sensitive to chemical structure
and Fe ion configuration, because it shows no
remarkable variation except for the intensity.
On the other hand, the main absorption shows
a variety of structure; that is, garnet exhibits a
flat crest on the higher energy side, the other
oxides yield a white-line like enhanced
absorption, whose position and structure vary

0
7.10

7.15
£/keV
Fig.l. XANES spectra at the Fe K-edge in the
Fe-oxides and pure Fe.
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Effect of Metal Atoms in Sodalite Cage on the Coordination Number for Metal Clusters Supported on NaY Zeolite
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Introduction

Metal clusters supported on zeolites attract much attention
due to very unique changes in physicochemical properties
such as the electronic structure, adsorption and catalytic
activity as the cluster size decreases below 1 nm. The small
metal cluster size in zeolite can be estimated from the
coordination number (CN) obtained using curve fitting of the
extended x-ray absorption fine structure (EXAFS). However,
recent theoretical studies1 pointed out that the EXAFS curve
fitting can underestimate the CN for very small metal clusters
as much as 30%, due to static disorder and vibration
anharmonicity coming from a large fraction of the surface
atoms. More recently, we have compared the CN from
EXAFS for small metal clusters entrapped inside the
supercage of NaY zeolite with that derived from the number
of the metal atoms per cluster using a xenon adsorption
technique.2"3 Both techniques indicated similar precision.
However, the CN from EXAFS was approximately 30% less
than that from the xenon adsorption, indicating a significant
difference in their accuracy.
The present work was undertaken in order to evaluate the
accuracy of the xenon adsorption technique and EXAFS
curve fitting method. To this end, we have measured EXAFS
and xenon adsorption for Pt/NaY and Pt/alumina samples.
The results are discussed in this report with the location of
metal atoms determined using a hydrogen chemisorption
difference between room temperature and high temperatures.
Experimental
The preparation of Pt clusters supported on NaY zeolite
(Pt/NaY) is reported elsewhere.4 Hydrogen chemisorption on
the Pt cluster was performed at both 296 K and 473 K, using
conventional volumetric adsorption apparatus.
X-ray
absorption was measured at the Pt Lm edge at room
temperature with a self-supporting sample wafer placed in an
in-situ XAFS cell using Beam Line 10B. The XAFS
spectrum thus obtained was analyzed with UWXAFS2 and
Feffi codes. Static disorder and vibration anharmonicity
have been taken into account in the data analysis.
Results and Discussion
Results of the H chemisorption measurement and the CN
from XAFS curve fitting are shown in Table 1. The CN of
the Pt/NaY is much smaller than the average coordination
number, n, calculated from the xenon adsorption
measurement using space-filling models.2
The H
chemisorption on the Pt/NaY increased by 12 - 1 3 % while the
sample was heated at 473 K for 2 h and subsequently cooled
down to 296 K. The H-chemisorption increase was found to
come from diffusion of H2 into the sodalite cage containing a
Pt cluster followed by the chemisorption on the cluster. This

has been confirmed with H chemisorption on Pt clusters
supported inside the sodalite cages and Pt clusters supported
on Y-AI2O3. The preparation of a Pt/NaY sample with Pt
clusters mostly inside the sodalite cage is described
elsewhere.4 EXAFS data for the Pt/NaY indicate that the
cluster in the sodalite cage compromises of 4 to 6 Pt atoms.
The Pt clusters chemisorbed very little H at 296 K, but the
chemisorption increased markedly at 473 K. The Pt/Al2O3
did not indicate any increase in the H chemisorption upon the
heating. The chemisorption increase upon heating is not due
to adsorption of H2 inside the sodalite cage, since the NaY
zeolite without Pt cluster does not adsorb H2 at 473 K.
The H chemisorption data in Table 1 indicate that a Pt/NaY
sample, which was thought to have all Pt clusters inside the
supercages, contains ca. 10% Pt atoms inside the sodalite
cages. Temperature programmed desorption of H2 led to the
same conclusion.4 Xenon adsorption did not occur on the Pt
clusters located inside the sodalite cages.
In conclusion, the xenon adsorption can probe only the
metal clusters located inside the supercage while EXAFS does
all the clusters located inside both the supercages and the
sodalite cages. This information resolves the discrepancy
between the xenon adsorption technique and EXAFS, and
more importantly, confirms experimentally the accuracy of
EXAFS for the measurement of the CN for very small metal
clusters consisting of 40 -50 atoms. The CN from EXAFS for
small metal clusters should be very accurate if the static
disorder and anharmonicity are fully taken into account as in
the present work.
Table 1 Hydrogen chemisorption and the Coordination
Number from EXAFS for Pt/NaY
CN8
nb
H/Pt° %d
Sample
2 wt% Pt/NaY
5.0
7.9
1.4
13
5.1
5 wt% Pt/NaY
7.9
1.3
12
—
7.0
1.9
0
5 wt% Pt/Al2O3
—
3.0
1.5
5 wt% Pt/NaY
93
—
—
NaY
0
0
b
"from XAFS curve fit. from xenon adsorption method. ctotal
hydrogen chemisorption per Pt atom. dpercent increase of
hydrogen chemisorption at 473 K and relative to that at 296
K.
References
1) Clausen, B. S. et al. J. Catal. 141, 368 (1993).
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XAFS CHARACTERIZATION OF Pt-Mo BIMETALLIC CATALYSTS FOR CO HYDROGENATION
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Technology, San31, Hyoja-Dong, Pohang, Korea
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INTRODUCTION
Pt-Mo bimetallic catalysts have been shown to exhibit
higher activities in the reactions such as hydrogenation of
alkanes [1,2], dehydrogenation of cyclohexane [3] and CO
hydrogenation, than Mo or Pt alone. Yet, the structure of the
catalysts has not been studied much. There has been a study
on Mo deposited epitaxially on Pt clusters when Mo(CO)5
vapor was deposited on preformed Pf/Y-zeolite [4]. We
have performed XAFS study of durnina-suppotted
(Pyvfo) catalysts in order to elucidate the structure of the
catalysts and their relationship with the activity of CO
hydrogenation reaction.
EXPERIMENTAL
Three kinds of samples were prepared by incipient
wetness impregnation with the variation of 1he order of Mo
and Pt loading onto the support For R-M0/AI2O3, Pt/yAI2O3 was prepared first with ^ P t C l f r ^ O , dried at
380Kfor5h, calcined at 770Kfor 12h, and then the calcined
sample iirpegnated again wilh (NH4)5Mo7O24<4H2O
with the 1:1 atomic ratio of Mo to Pt The resulting
bimetallic catalysts were then treated by the same drying and
calcination procedure. Mo-Pt/Al2O3 was prepared by
adding Mofirstand Mo+Pt/At^ by a coimpregnatioa
For XAFS measurements, the prepared catalysts were
palletized into disc shape and sealed by a flame in a cell
with a Kapton window under the same gas as for theirpre
treatments. The spectra were taken for K-edges of Mo and
Ljn-edge of Pt at beamline 10B of Photon Factory in
Tsukuba, Japaa The collected data were analyzed by Rspace method based on a standard analysis procedure.
RESULTS AND DISCUSSION
EXAFS snowed unequivocally the formation of
bimetallic bond between Mo and Pt for all bimetallic
catalysts. The variation ofreductiontemperature was shown
to affect the extent of the bimetal formatioa Based on the
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relative magnitudes of coordination numbers of metals, it
was concluded that Mo segregates to the surface irrespective
of Ihe sequence of die impregnatioa The Mo-Mo distance
became longer than the one found in monometallic catalysts
treated under same conditions. Platinum concentrated in the
coreregionof the bimetallic particles showed the normal PtPt distance. Such a structure was also confirmed by spectra
of air-opened sample, which showed oxidized Mo state but
nearly same Pt state as in in-situ samples. In M0/AI2Q3, a
strong interaction of molybdenum with the support was
identified with EXAFS and XANES. The strong
interaction between molybdeum and the support alumina
was also shown in all the bimetallic catalysts.
The general structural feature of all bimetallic catalysts
prepared in this study by different sequence of impregnation
is identical to that of Pt-Mo/Y-zeolite prepared by vapor
deposition [4]. The formation of this bimetallic particles
appears to be a iactorresponsiblefor the observed synergy
between Pt and Mo in CO hydrogenatioa
Table 1. Coordination numbers of the bimetallic catalyst
Pt-Mo
Mo-Pt

Mom

NflWfl

N(Pi-Mo)

N(Moft)

N(MoM>)

6.9
6.8
6.5

0.6
0.7

1.6
2.4
1.1

12
1.7
0.5

0.06
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CRYSTAL STRUCTURE OF ALKOXY SUBSTITUTED IRON OXYCHLORIDE
Jin-Ho Choy, Joo-Byoung Yoon, Dong-Kuk Kim, and Sung-Ho Hwang
Department of Chemistry, Seoul National University, Seoul 151-742, Korea
Introduction
In synthetic chemistry point of view, the surface
modification of FeOCl by intercalating the organic
molecules or substituting them with chlorides would be a
potential way of preparing various new 2-dimensional
organic derivatives of FeOCl, and their detailed crystal
structures are prerequisite for understanding the physical
and chemical properties. However it is very difficult to
obtain single crystals of such organic derivatives, since
they are easily broken into fine powders due to the
considerable elastic deformation during the intercalation
and substitution reactions. In this regard, X-ray absorption
spectroscopy is a useful way of determining the structure
of such materials due to its sensitivity to the local
environment around specific atoms, irrespective of
crystallinity or dimensionality of solids.!) In the present
work, we report, for the first time, the detailed structural
changes around the iron of an alkoxy substituted FeOCl
by using the Fe K-edge XAS.

data. The fitted structural parameters were used again to
determine the new a- and 6-cell parameters and fractional
coordinates on Pmmn space group. The curve fitting was
carried out again, using backscattering amplitude and
phase shift functions newly calculated on the basis of the
modified structural data. This analytical procedure was
repeated until the fitting results became self-consistent.
According to the fitting result, the Fe-O bond distances in
FeOCl013(OCH3)0 g7 become similar one another, resulting
in more regular octahedral symmetry around the iron
compared to FeOCl. In addition, the Fe-Fe(b) bond
distance is fitted to be equal to the nearest Fe—Fe(l) one
at 3.09 A, which is normally observed in iron oxides and
alkoxide complexes with an edge-shared octahedral
linkage.3)
Three different bond distances within the octahedron
become similar one another upon the substitution, and
furthermore 89.2° of the bond angle Cl-Fe-CI in FeOCl
increases to 106° (CH3O-Fe-OCH3) in the methoxy
derivative. The bond angles of O(l)-Fe-O(l) and O(2)-Fe0(2) change from 152° to 154° and from 103° to 97°,
respectively. These changes represent that the local
symmetry around central iron atom of substituents is
higher than that of FeOCl.

Experimental
X-ray absorption measurements were carried out by
using the EXAFS facilities installed at the beam line 10B
of the Photon Factory, the National Laboratory for High
Energy Physics, operated at 2.5 GeV with ca. 260 ~ 370
mA of stored current. All the data were recorded in a
transmission mode at room temperature, using a Si(311)
channel-cut monochromator. Intensities of the incident
and transmitted beams were measured.

(d)

Result and Discussion.
EXAFS spectra in the range of ~ 2.5 A"1 < k < -14 A"1,
were Fourier-transformed as shown in Figure 1. It should
be noted that the EXAFS spectra for alkoxy-substituents
and y-FeOOH are very similar in shape except for FeOCl.
The peaks at ~ 1.5 A and ~ 2 A can be assigned,
respectively, to the Fe-0 bonding pair and the Fe-Cl one.
The third-shell peaks in the region of 2Ak<R<S.2k are
originated by the nearest Fe--Fe interactions including the
Fe-Fe ones which correspond to 6-axis parameter. The
small peaks beyond 3.2 A could not be simply assigned
due to complex contributions by various interactions with
oxygen, chlorine, and iron atoms. And it is clearly seen
that the first-shell peak by the Fe-0 interaction gradually
increases with the simultaneous decrease of the secondshell peak corresponding to the Fe-Cl interaction as the
substitution ratio increases. Such experimental results
could be adequately explained by the fact that the
replacement of the chloride of FeOCl by alkoxy group
enhances the first-shell peak in the FTs due to the
introduction of oxygen scatterer in this region.
The analysis of EXAFS data for the methoxy substituent
has been performed. Under an assumption that a- and bcell parameters as well as the space group are the same as
FeOCl, the backscattering amplitude and phase shift
functions for all paths were calculated by FEFF code2),
using c-axis cell parameter (10.00 A) by our powder XRD

Figure 1 Fourier transforms of experimental A3-weighted
Fe K-edge EXAFS spectra of (a) FeOCl, (b) ethoxy
substituent, (c) methoxy substituent and (d) y-FeOOH
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Introduction
SrLaSc0sIV0«
The
complex
perovskites,
Sr2Sc0s O6, Sr2Ca0s O6, and Sr2Li0s 0 6 , have been
prepared by conventional solid state route and their X-ray
absorption spectroscopic studies have been performed on
the Os L nr edge. Quantitative EXAFS analysis involving
more distant shells beyond the first coordination one
becomes very complicated since the total number of
adjusted structural parameters increases, and the multiple
scattering (MS) paths must be often considered in addition
to the single scattering (SS) ones. Therefore, in order to
obtain the physically meaningful parameters, some of the
variables must be constrained at reasonable values for the
higher-order shells and the multiple scattering paths. In
this regard, it is of great interest that the present osmium
perovskite compounds might be good model compounds,
for which the reliability of EXAFS analysis with some
constrained parameters can be tested. In this work,
comparisons between EXAFS spectra for the present four
perovskite compounds are expected to be able to reveal
how the structural distortion and MS effects contribute to
EXAFS spectra.
Experimental
Polycrystalline samples of A2BOsO6 (A = Sr; B =
Li, Ca, and Sc)1 and SrLaScOsO6 were prepared by
calcining stoichiometric mixture of SrO, La2O3, Li2O,
CaO, Sc2O3 and Os metal. For the synthesis of Sr 2 Li0s0 6 ,
small excess amount (5%) of Li2O was used to
compensate for the loss during the high temperature
treatment. X-ray absorption experiments were carried out
at the beam line 10B of Photon Factory, National
Laboratory for High Energy Physics (KEK-PF). All the
data were recorded in a transmission mode at room
temperature using Si(311) channel-cut monochromator
Results and Discussion
Fourier transforms (FTs) of the k3-weighted Os
Lm-edge EXAFS spectra in the range of-3 A' < k < -14
A , and their best fits are shown in Figure 1. In order to
determine the structural parameters from the Os Lm-edge
EXAFS spectra, the nonlinear curve fittings were carried
out in R space of FTs. The first peak in -1 A < R < - 2 A
of the FTs is attributed to backscattering from the
octahedrally coordinated oxygens. Its large intensity and
high symmetry might imply undistorted osmium
octahedron. The Os-0 bond distances for each oxidation
state of Os4+, Os5+, Os6*, and Os7+ are 1.961, 1.948, 1.923,
and 1.883 A, respectively, which represent a linear
variation against the oxidation states of osmium. In
addition, the variation of Debye-Waller (DW) factors for
Os-O bond is proportional to the bond distance. DW
factor reflects the mean square relative displacement
(MSRD) of the equilibrium of the Os-0 bond distance
due to the vibration and/or the static disorder. Therefore a
larger bond distance results in a larger DW factor due to
the stronger thermal vibration '3, and the present result is
in good agreement with this expectation. On the other
hand, the peaks in -2.5 A < R < - 4 A of FTs, those which
show different patterns for each compound, are attributed
to backscatterings from A site cations and the competing
B site ones as well as MS contributions along B-O-B'
path and within OsO6 octahedron. It is seen from Figure 1

that the peaks in the higher R range (~2 A < R < ~4 A) of
the spectra for Sr 2 Li0s0 6 and Sr2CaOsO6 are
considerably reduced, compared with those for the others.
In case of Sr 2 Li0s0 6 , these reduced amplitudes are
mainly due to lowered backscattering of the third nearest
neighbor, Li (Z=3), but in case of Sr2CaOsO6, such an
phenomenon can be explained by the abnormally large
DW factor for single scattering contribution from
strontium atoms in the second shell, which is caused by
the structural distortion from cubic symmetry. It should
also be noted that collinear double and triple scatterings
in the linear chain of Os-O-Ca for Sr2CaOsO6 are less
than those in the linear chain of Os-O-Sc for Sr 2 Sc0s0 6 ,
despite that almost the same backscattering amplitude of
Ca and Sc would be expected to give similar MS
contributions. This difference suggests that the crystal
structure of Sr 2 Ca0s0 6 is also a little distorted from the
cubic one, thereby decreasing the Os-O-Ca bond angle.
Therefore, combined with X-ray powder diffraction, the
results of EXAFS analyses indicate that the crystal
structure of Sr 2 Ca0s0 6 is rhombohedral

0)
•a
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s*<'.
0

^-v**^.

1

Figure 1. Fourier transforms (—) in the range of ~3 A"1 <
k < -14 A"1 of k3-weighted %(k) spectra for (a)
Sr 2 Li0s0 6 , (b) Sr 2 Ca0s0 6 , (c) Sr 2 Sc0s0 6 , and (d)
SrLaScOsO6. The best-fitted spectra (—) are compared
with the experimental spectra.
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Introduction
X-ray absorption spectroscopic study has been
carried out on the Cu K-edge in the superconducting
La 2 Cu0 4+s samples, which were prepared by oxidizing
La2CuO400 electrochemically or chemically with KMnO4,
in order to examine the orbital character of the charge
carrier introduced into CuO2 layer by the excess oxygen
incorporation. Since the inner shell absorption
measurements have provided valuable information on the
local orbital character of the carriers in hole-doped
cuprates, X-ray absorption spectroscopy (XAS) has been
intensively studied at the Cu K-edge. However, earlier
studies on the Cu K-edge XANES spectra for La2Cu04—
related compounds, could not reach at the general
consensus for the spectral interpretation due to the absence
of adequate Cu -reference spectrum as well as its
complexity. In the present work, we present the clear
spectroscopic differences between the nonsuperconducting
phase and superconducting one by means of the Cu Kedge XAS. And these differences are for the first time
IFF
suggested to be attributed to the partial formation of Cu
in superconducting phase through the comparison with the
Cu K-edge spectra for the chemically well-defined Cu"1
references.
Experimental
The undoped La2CuO4 was prepared by a
conventional solid state reaction. For the doped
La2Cu04+5, electrochemical and chemical oxidation
experiments have been carried out under the conditions1'2
for obtaining the maximum value of 8. The X-ray
absorption experiments were carried out at the beam line
10B of the Photon Factory in Tsukuba, operated at 2.5
GeV, 260~370mA.
Results and Discussion
EXAFS analyses : The structural parameters are
summarized in Table 1. It is worthy to note here that the
chemical oxidation of La2CuO4 by KMnO4 could induce
the same doping effect as the electrochemical one. EXAFS
analyses clearly show that the axial Cu-O(2) bond distance
is significantly decreased by the oxidation.
XANES analyses : Figure 1 (a) represents the Cu
K-edge XANES spectra for the present compounds
together with La2Li0 5Cu0 5 O 4 and LaCuO3 for comparison.
It is obvious that there is an overall spectral shift of about
0.5 eV to a higher energy side after the electrochemical or
chemical oxidation. In addition to the overall peak shift,
we could observe a remarkable difference in the Cu Kedge XANES spectra. Namely, an additional shoulder (A')
was appeared reproducibly at ~ 8986 eV for the oxidized
compounds. This difference can be more clearly seen in
the corresponding second-derivatives of Figure 1 (b). The
peak A has been generally accepted as a Is-»4p7i
transition accompanied by a shakedown process through
the ligand to metal Cu (3d hole) charge-transfer (LMCT).
On the other hand, our previous study on the Cu K-edge
of the chemically well defined Cu1 '-compounds would
give us some clues about the origin of A' peak. We have
pointed out that the enhanced attractive potential of
trivalent copper favors the charge transfer from oxygen

ligand to copper, so that the shakedown transition is
expected to appear at somewhat higher energy side.
Moreover, La2Li0 5Cu0 5 O 4 exhibits the splitting (A and A')
of transition by the shakedown process, which
corresponds to the transitions to the final states of |1J' 3d9
L Ap% ) and \ls 3d L~ 4p<s), respectively. It can be seen
from Figure 1 that the peak position of A' for the present
oxidized La2CuO408 is well consistent with that of the
peak A' for La2Li0 5Cu0 5O4. It is therefore concluded that
the doping with excess oxygen gives rise to a partial
formation of trivalent copper, resulting in the stronger
covalency in the Cu-0 a bonds with an increase of hole
density in the Cu-O planes.
as-sintered
Atom
4 0(1)
2 0(2)

LajCuO^oo
R/A

a 2 /A 2

1.903
2.41 4

electrochemic
-ally oxidized
LajCuCog

chemically
oxidized
LajCuO^ofj
R/A

ex 2 /A 2

0.004

1.89,

0.006

0.010

2.33,,

0.009

R/A

a 2 /A 2

0.002

1.89,

0.011

2.34,

Table 1. Fitted structural parameters to the Cu K-edge
EXAFS spectra.

8975 8985 8995 9005
Energy (eV)

8975 8985 8995 9005
Energy (eV)

Figure 1. (a) Cu K-edge XANES spectra for La2CuO4 as
sintered (—), electrochemically (—) and chemically (—)
oxidized La2CuO408 together with Cu'"-reference
compounds, La2Li0 5Cu0 5O4 (—)and LaCuO3 (
), and
(b) their second derivatives.
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Introduction
There has been an increased interest in the coordination
chemistry of polyaza macrocycles including cyclam and
their derivatives due to their significant catalytic activities
in many reactions. And in layered aluminosilicate such as
montmorillonite, the interlayer cations can be easily ionexchanged with a variety of organic and inorganic
cations. >2) It is therefore expected that the intercalation
will alter electronic configuration, mobility, and
orientation of the complex cation in the interlayer surface.
Therefore, the characterization of chemical bonding state
as well as local structure of transition metal ion within the
charged layers has been one of the most attractive
problems. X-ray absorption spectroscopy is very useful to
examine the electronic and local environment of the
probed metal ion absorbed in the interlayer due to its
element-selectivity and no requirement of long-range
ordered structure .
In the present work, we have examined the changes of
local geometry and electronic structure around the copper
ion for Cu2 , [Cu(en)2]2+ (en=ethylenediamine), and
[Cu(cyclam)]2+ (cyclam = 1,4,8,11-tetraazacyclotetradecane) ions-exchanged clays and compared with those of
their free complexes by means of the Cu K-edge X-ray
absorption spectroscopy.
Experimental
X-ray absorption measurements were carried out with
synchrotron radiation by using the EXAFS facilities
installed at the beam line 10B of the photon Factory. All
the data were recorded in a transmission mode at room
temperature, using a Si(311) channel-cut monochromator.
Intensities of the incident and transmitted beams were
measured with N 2 - and (25% Ar - 75% N2)-filled
ionization chambers, respectively.
Results and Discussion
The intercalation of Cu2+, [Cu(en)2]2+ and [Cu(cyclam)]2+
ions in the montmorillonite was confirmed by the powder
X-ray diffraction, in which (00£) diffraction peak appeared
at d = 12.618 A, 12.932 A, and 13.463 A, respectively.
Figure 1 (right) shows the Fourier transforms (FTs) of
the Cu K-edge EXAFS oscillations, x(k) weighted by k3
in the range of ~2 A"1 < k < -13 A"1. It is clearly seen in
FTs that Cu2+ ion-montmorillonite exhibits only the first
intense peaks at ~ 1-2 A corresponding to the interactions
between the copper ions and oxygen atoms in the first
coordination sphere, while [Cu(en)2](ClO4)2, and
[Cu(cyclam)](ClO4)2 and their intercalated forms with the
montmorillonite exhibit more distant peaks to ~ 3 A due
to the outer Cu-0 and/or Cu-C shells besides the first
peaks due to the square planar Cu-N interaction.
Figure 1 (left) shows the normalized Cu K-edge XANES
spectra for the present compounds. Although each
XANES spectrum exhibits a characteristic feature of a
copper(II) ion square-planarly coordinated with oxygen or
nitrogen ligands, the spectra for copper ions with nitrogen

ligands show the clear difference from that for the copper
ions with oxygen ligands. The main peak B can be
assigned to the Is -» Ap transition, based on the dipole
selection rule of A/ = ±1, and especially the shoulder peak
A is definitely assigned to the shakedown satellite
involving a Is -» 4px transition with simultaneous ligandto-metal charge transfer (LMCT) by means of the
polarized Cu K-edge XANES studies for well oriented
Cu(II) complexes. It is obvious that the position of peak A
shifts to lower energy upon the intercalation into
montmorillonite. This observation indicates that the
charge transfer from 2p orbitals of nitrogen ligand to 3d
orbitals of copper metal occurs more effectively as stated
above, and thus the Cu-N bonding character becomes
more covalent. Moreover, the peak A for the cyclam
complex (A = 1.7 eV) is shift to lower energy compared to
that for the ethylenediamine one (A = 0.7 eV), even
though this peak for both free complexes is present at
almost the same energy position.

Figure 1 The Fourier transforms (right) in the range of
-2A"1 < k < -13A' 1 of the Cu K-edge EXAFS oscillations,
k3^(k) and normalized Cu K-edge XANES spectra (left)
for (a) Cu2+-M, (b) [Cu(en)2](C104)2 ( - ) , [Cu(en)2]2+-M
(—), and (c) [Cu(cyclam)](C104)2 (---), [Cu(cyclam)]2+-M
(—), where M indicates montmorillonite.
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Introduction
The development of the efficient catalyst is a
very important subject in coal liquefaction process.
The feasibility of catalyst recovery from
liquefaction residue should be considered because
the efficient catalysts are very expensive. From
this point of view, fundamental study on the properties of catalyst in the residue is necessary for the
efficient recovery of catalyst from the residue. In
previous studies1'3^, we have analyzed the chemical form and state of iron catalyst in the residue by
using X-ray absorption fine structure (XAFS)
spectroscopy. In general, coal contains inherent
inorganic constituents as mineral matter, which
possibly causes deactivation of liquefaction catalyst
and several other problems in liquefaction process.
It is, therefore, strongly recommended that coal is
demineralized before use, if economical situation
allows to do so. In the present study, we try to
clarify the effect of coal demineralization on the
chemical form of iron catalyst for liquefaction.
Experimental
Raw or demineralized Newstan coal and
synthetic FeS2 were used as feedstock and catalyst,
respectively. The liquefaction conditions are as
follows; 450°C, 5MPa(H2 gas), 20 wt% loading of
FeS as catalyst. The liquefaction products were
washed with THF and liquefaction residue was
obtained as insoluble fraction. The XAFS spectra
at Fe K-edge of the resultant residue were recorded
in a transmission mode on a beam line BL-10B at
KEK-PF at room temperature using Si(311)
monochrometer.

that the demineralization does not influence the
chemical form of iron catalyst and iron species do
not exist as raw FeS2 catalyst in liquefaction
residue.
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Results and Discussion
The spectrum of synthetic iron catalyst
before liquefaction is given in Fig. l(a). Three
peaks appeared at 1.9, 2.8 and 3.8 A. These are
attributed to Fe-S (1.9 and 2.8 A) and Fe-Fe (3.4 A)
derived from FeS2, respectively. Fig. l(b) and (c)
show FT-EXAFS spectra of iron catalyst in the two
types of residues. There is almost no difference in
the profile of FT-EXAFS spectra between the two
residues. The 2.8 and 3.4 A peaks, observed
clearly in FeS2 catalyst, diminised or disappeared
in liquefaction process. These findings indicate

' 0 1 2 3 . 4 5 6
Distance(A)
Fig. 1. FT-EXAFS spectra at Fe K-edge. (a)
synthetic FeS2; (b) and (c) iron catalysts in residues
from raw and demineralized coals, respectively;
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INTRODUCTION
Metal clusters can be applied in various
fields of chemistry, such as catalysis, colloids,
electrochemistry, etc. Metal cluster with
controlled particle size has an advantage to
optimize the chemical properties. Recently, we
reported the catalysis on supported [Ru6N]
clusters.1^ In this paper, we report in-situ
EXAFS of [Ru6N] clusters on MgO and Cs + doped MgO in relation to promoted catalysis.
EXPERIMENTAL
The samples were prepared from
[P(PPh3)]+[Ru6N(CO)16]"(l).1) TheRu isT-edge
EXAFS was measured at BL10B at 30 - 293 K.
The analysis was performed on the program
EXAFSH by Yokoyama et al. by using empirical
parameters of amplitude and phase shift.
RESULTS AND DISCUSSION
The curve fitting data for NRn_Ru were
always about four in Table 1, similar to four of
(1), suggesting that the [Ru6N] unit remained on
support in catalytic conditions. Based on the
increase of NRu_Os (O s : oxygen atom at surface)
from 0.5 to 1.2 by changing Ru wt% from 2.5 to
0.48 for [Ru 6 N]/MgO (Table 1), two
coordination models of [Ru6N] can be drawn on
flat MgO (2.5 wt%) and on stepped MgO
surfaces (0.48 wt%) (Figure 1).
The cluster structures in H 2 /N 2 were
investigated. The changes of r Ru . Ru (0.03 - 0.08

A) in Table 1 and adsorption measurements
indicated that the cluster framework expanded by
the adsorption of five to six H atoms on
Cs+/MgO, and by three to four H on MgO. The
expanded [Ru6N] shrank to initial structure by
the evacuation. N 2 was found to be adsorbed as
H 2-coordi nation on [Ru 6 N]. We propose
promoted catalysis mechanism based on these
structure changes and coordination style.2)
REFERENCES
(1) Y. Izumi and K. Aika, Chem. Lett., 1995,
137.
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structure (a)

structure (b)

Figure 1. Structure models of [Ru6N] clusters
on MgO; (a) on flat MgO face, (b) on stepped
MgO face. Only Ru 3 triangle faces of [Ru6N]
are drawn for clarity.
Table 1: Curve fitting analysis of Ru £-edge EXAFS for supported [Ru6N(CO)16j" clusters
support
MgO°

Cs+/MgOk
a

Ru ambient obs
wt% gas
/K
2.5
0.48
2.5
2.5
2.5
2.5

vac
vac
vac
H

2

vac
H2

293
293
30
193
293
100

Ru-O

Ru-Ru
N

rc

4.1
4.0
3.9
4.2
4.0
4.0

2.62
2.65
2.62
2.65
2.63
2.71

Incipient cluster was heated at 813 K and in
and in H 2 at 588 K. Cs+/[Ru6N] = 12 in mol.

A(o2)a

N

r

L(az)

?4

4.0
4.6

0.5
1.2
0.7
0.5
0.6
0.6

2.13
2.09
2.15
2.17
2.03
2.06

-2.2
-3.0
-0.05
-1.5
0.94
-2.1

2.5
4.8
4.9
2.3
3.2
3.8

0.36
3.6
3.6
3.5

at 588 K. b Incipient cluster was heated at 673 K
in A. d in 10"3 A 2 .
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Introduction
From EXAFS analysis on amorphous Gd68Cu32
and Gd67Ni33 alloys, we found that they have two
kinds of interatomic distance between Gd and
transition metal: one is about 2.8 A and the other is
about 3.4 A. To know whether it is of characteristic
of Gd-rich system, in the report, we investigate the
local structure of Gd-poor amorphous Gd30Ag70 by
means of EXAFS measurements.
Experimental
Amorphous Gd3QAg70 ribbon was prepared from
3N Gd and 4N Ag by melt spinning technique. Xray diffraction confirmed the amorphous state.
EXAFS experiments were carried out with a
transmission mode at the BL-10B station of Photon
Factory (KEK, Tsukuba). The measurement was
done near the K edge of Ag at 300 K in the operation
of3GeV.
Results and Discussion
Figure 1 shows k*x(k) for Ag K edge of
amorphous Gd3oAg7O. Fourier transform of *
is presented in Fig. 2, where the distance is not
corrected foe phase shifts. The thick line denotes the
imaginary part of the radial structure function $ (R)
and the thin curve is its absolute. We make the
Fourier filtered r j ( i ) from $(R) between a couple
of broken lines in Fig. 2 and analyse it with data by
McKale. The analysis gives information on the
interatomic distance as follows: 2.69 A for the Ag-Ag
distance; 2.87 A and 3.36 A for the Ag-Gd distance.
Two kinds of Ag-Gd distance are consistent with the
result for the Gd-rich amorphous alloys. Peak
positions of the imaginary part of 4> (R) correspond
to the distances of Ag and Gd neighbours around the
central Ag atom, which are shown by the arrows in
Fig.2. Thus we obtain that the Gd-poor Gd-Ag
amorphous alloy shows two sorts of Gd-Ag distance
as well as the Gd-rich system. The analysis for Gd
L3 edge is now in progress.

3) I. Nakai and H. Maeda, Jpn. J. Appl. Phys.
32(1993) Suppl.32-2, 685-687.
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Fig. 1. EXAFS spectrum k3x(k) versus k for the
Ag K edge of amorphous Gd30Ag70.

-4.0

0.0

R / A

References
1) I. Nakai, H. Maeda and I. Ouchi, Photon Factory
Activity Report 10(1992)220.
2) I. Nakai, H. Maeda and I. Ouchi, Photon Factory
Activity Report 10(1992)254.

Fig.2. Imaginary part (thick line) and absolute of
the radial structure function against distance for
amorphous Gd3oAg7O.
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Introduction
Ag/zeolites have been reported to show very high
activity for the disproportionation of ethylbenzene1 and
the selective reduction of NO by ethylene at around 823
K. 2 In the present work the photocatalytic
decomposition of NO has been undertaken on the
Ag+/ZSM-5 catalyst at 298 K and the characteristics of
the photocatalyst have been investigated by an in-situ
X-ray absorption near edge structure (XANES), ESR,
and a diffuse reflectancespectrum (DRS) technique.
Experimental
The AgVZSM-5 zeolite catalyst was prepared by an
ion-exchange method with an aqueous Ag(NH3)2+
solution. Silver loading was determined as 6.7 wt%
metal. Prior to the measurements of the spectra and
photocatalytic reactivity, the samples were treated with
O2 at 673 K, then degassed at 473 K. Photocatalytic
reactions were carried out at 298 K using a high
pressure Hg lamp through a water filter. XANES
spectra were obtained at the BL-10B facility of the
Photon Factory at the National Laboratory for HighEnergy Physics, Tsukuba.
Results and Discussuon
UV irradiation of the Ag7ZSM-5 catalyst in the
presence of 10 Torr of NO at 298 K led to the
formation of N2 and N2O with a good linearity against
the UV irradiation time, while under dark conditions the
formation of N 2 and N 2 O were not detected. On the
H+/ZSM-5 catalyst, the formation of N2 and N 2 O was
not observed. These results indicate that the Ag + ions
play a significant role in the photocatalytic
decomposition of NO on the Ag + /ZSM-5 catalyst. The
rate of N 2 formation on the Ag + /ZSM-5 catalyst is 10
times faster than on the Cu + /ZSM-5 catalyst.3 Under
UV-irradiation of the catalyst through the UV-25 filter
(X > 250 nm), the photocatalytic decomposition of NO
proceeded at 15% the rate without the UV-cut filter.
This indicates that the UV-light effective for NO
decomposition lies in the wavelength regions of 200
nm to 250 nm.
Figure 1 shows the XANES spectra of the
Ag7ZSM-5 catalyst (a), Ag foil (b), and bulk Ag 2 O
(c), respectively. As shown in Figure 1, the XANES
spectra of the Ag foil and bulk Ag2O exhibit several
well-defined bands due to multiple-scattering (A) at
around 25530. eV and other bands arising from
continuum resonances involving a multiple-scattering
effect in the region above 25550 eV, while the XANES
spectrum of the Ag+/ZSM-5 catalyst scarcely exhibits
any remarkable band due to this effect. This implies
that silver ions are anchored onto the inner surfaces of
the micro pores of the ZSM-5 zeolite in a high
dispersion state without the formation" of any large
clusters or crystals of the Ag metals or oxides.
The dispersion state of Ag+ species was investigated
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by DRS measurements. The Ag + /ZSM-5 catalyst
exhibits an intense absorption band at around 220 nm
which is' attributed to the 4d10—- 4d 9 5s' electronic
transition on the Ag+ ions. The Ag° atoms, and Agn°
and Ag m n+ clusters are known to exhibit absorption
bands in wavelength regions longer than 250 nm.
However, the Ag+/ZSM-5 catalyst does not exhibit any
absorption bands in this region. Furthermore, no ESR
signals assigned to the Ag° atoms or Ag 2+ species were
observed with the Ag + /ZSM-5 catalyst. These results
support the conclusion that silver ions are included
within the ZSM-5 zeolite as isolated Ag + ions. The
most effective UV lights for the photocatalytic
decomposition of NO was found to lie in the same
wavelength region as the absorption band of the
Ag + /ZSM-5 catalyst which is attributed to the presence
of the isolated Ag+ ions.
From these various findings, it was concluded that
the photo-exited electronic state of highly dispersed
isolated Ag+ ions (4d95sI) plays a significant role in
the photocatalytic decomposition of NO while an
electron transfer from the photo-excited Ag + into the n
anti-bonding molecular orbital of NO leads to the
weakening of the N - 0 bond and initiates the
decomposition of the NO molecule.

<
25500

Energy / eV

25550

Figure 1 . The XANES spectra of the Ag + /ZSM-5
catalyst (a), Ag foil (b), and Ag2O powder (c).
1
2
3
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that is suddenly converted to the crystalline phase between 823 K and
893 K, while the amorphous structure of Nd15Fe77B12 is relatively
unstable that would gradually change to meta-stable phase of which
structure may be close to the final crystalline phase.

Introduction
The Nd-Fe-B alloy is one of the most promising materials with
outstanding magnetic properties that is usually produced either by meltspinning1' or by sintering2'. In the melt-spinning approach3), the
amorphous intermediate is converted into crystalline hard magnetic
phase by hot pressing so that the crystallization behavior in heating
process, especially the structural change in atomic scale, is very
important to optimize the process. However, for the amorphous alloys
such atomic scale information was hardly available by the conventional
structure analysis technique such as X-ray powder diflractometry(XRD).
This study deals with the Nd L3 XAFS structure analysis of the title alloy
to reveal the crystallization behavior in atomic scale structure.

Experimental
In rapid quenching by melt-spinning(R.Q.) technique3' we prepared
two kinds of samples with the compositions of Nd15Fe77B8 and
Nd15Fe77B12. Each sample was heated at three different temperatures,
823 K, 893 K and 973 K under argon atmosphere. All specimens were
characterized by XRD.
We made the Nd L3 XAFS measurements of the alloys at the BL-10B
station by means of transmission mode. Typically the spectra were
measured within the range of 300 eV before and 510 eV after the
absorption edge. The data analysis was done with the procedures
proposed by Maeda et a/.4'.

Results and Discussion
Differential scanning calorimetry(DSC) for Nd15Fe77Bg and
Nd15Fe77B12 s amp' e s indicates that single exothermic peak at about 870
K due to amorphous-crystal transition was found for Nd15Fe77B8 while
double peaks at about 890 K and 910 K for Nd 15 Fe 77 B n 3 '. All
Nd15Fe77B8 specimens except for the samples heated at 893 K and 973 K
showed very broad XRD pattern. In contrast the variation of XRD
pattern for Nd]5Fe77B|2 sample in heat treatment shows that broad peaks
assigned to a-Fe were found for Nd15Fe77B12 samples treated at 890 K
while as-quenched Ndl5Fe77B22 sample and that heated at 973 K
showed the amorphous and the crystalline XRD patterns with no such
peak, respectively3'. With TEM analysis, a particulate a-Fe phase was
revealed in the continuous alloy matrix of Nd15Fe77B12 at 890 K3'.
Figs. 1 and 2 show the variation of radial distribution
function(RDF) with no phase shift correction in the thermal treatment
for Nd15Fe77B8 and Nd15Fe77B12 respectively. There appears to be no
significant difference in local structure between Nd15Fe77B8 and
Nd15Fe77B12 at each temperature. Therefore, we made the curve fitting
analysis to the first peak assigned mainly to the Fe atoms. As for
Nd15Fe77B8 the first peak shifts to longer distance below 893 K by about
0.01 A, and then decreased by about 0.02 A with increase of treatment
temperature until it reaches to 973 K. In this case the distance value
exhibits the broad maximum between 823 K and 893 K. In the case of
Nd[5Fe77B12 the peak shifts continuously to shorter distance by about
0.02 A with increase of the heating temperature up to 893 K while small
difference is observed between 893 K and 973 K.
The variation of the peak of Nd15Fe77B8 during the heat treatment
shows that the "frozen" structure imposed by rapid quenching would
relax to somewhat "expanded" amorphous structure before the
crystallization peak in the DSC curve; after the crystallization
temperature where the amorphous-crystal transition occurs, only the
crystal growth of crystallite would proceed. In the case of Nd ls Fe 77 B I2
the variation behavior of the peak distance indicates that the relaxation
of the frozen structure would not occur up to 893 K; the structure would
be gradually rearranged to meta-stable structure similar to that at 973 K
to yield the second phase, a-Fe. The similarity of the RDF patterns of
the Nd15Fe77B12 heated at 893 K and 973 K implies that the structures of
the samples presumably differs with only the degree of crystallinity;
during the subsequent annealing to 973 K the a-Fe phase at 893 K would
be incorporated in other sub phase that has been reported for crystalline
Nd15Fe77B8 elsewhere3'. These results tell us that the stable amorphous
phase could be created by rapid quenching in the case of Nd15Fe77B8
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Fig. 1. Fourier transforms of/^-weighted EXAFS oscillations of asrapid-quenched and heated NdJ5Fe77Bg samples measured at 30 K.
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Fig. 2. Fourier transforms of fc3-weighted EXAFS oscillations of asrapid-quenched and heated Nd]5Fe77B12 samples measured at 30 K.
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Introduction

reported in aprotic solvent, -1.65 V (vs SHE).
The bond length obtained by the curve
fitting agreed well between Pt-Rb (0.367 nm) and
Rb-Pt (0.364 nm). These agree also with that of
Rb2PtH4 (0.363 nm). The similarity of the chemical
environment of Rb on Pt particle and in Rb2PtH4 is
possible. And this may be a reason why UPD
potential in aprotic solvent is much more negative
than the result obtained in this study.

EXAFS spectroscopy is the excellent in-situ tool for
investigating the underpotential deposition (UPD).
However, no studies have been contributed to the
undeipotential deposition of alkaline metals in the
aqueous solutions. This is because the subtle current
arising from UPD can not be distinguished under
cover of that of the bulk electrolysis and,
additionally, the application of the spectroscopic
methods seems to be given up at the formation of
hydrogen bubbles.
We have used a spectroelectrochemical cell,
by which good spectra can be obtained in the gas
evolution potentials, and measured spectra of Pt L3
and Rb K edges under potential control. In this
report we show the evidence of the deposition of Rb
at very positive potential.

Experimental
The electrode preparation and cell are described in
ref 1. The loading of platinum was 3.5 % and the
average particle size was 1.5 nm The spectra were
recorded in a transmission mode at the beam line
BL-10B at room temperature. The solutions was 2
x 10~4 M Rb+ + 0.5 M H2SO4. The potential was
represented against Ag/AgCl.

110 130
k/nrrf

Results and discussion
Figure 1 shows EXAFS oscillation, Fouriertransform and curve fitting result of Rb K. edge at 0.8 V. k3x(k) at -0.4 V is shown for comparison.
No EXAFS oscillation was observed at -0.4 V. On
the contrary, clear oscillation appeared at -0.8 V.
Fourier-transform of the EXAFS oscillation at -0.8
V showed a significant peak around 0.35 nm. This
was inverse Fourier-transformed to k2x(k) after
filtering of the peak at 0.2 < r/nra < 0.43. This can
be fitted quite well with one Rb-Pt shell. This
demonstrates that the deposition occurs above -0.8
V. This is much larger than the UPD potential

0.4

r/nm

Fig. 1 a: EXAFS oscillation and b: Fourier transform of Rb K edge in 0.0002 M Rb++0.5 M H2SO4.
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INTRODUCTION
Supported metal catalysts are prepared by a
variety of ways and many of them require hightemperature treatments like activation and reduction.^ These treatments often give a crucial
impact on the activity of catalysts. One can
naturally expect that non-heat-treated catalysts
will show different activities. In a recent work,
we prepared an alumina-supported platinum
catalyst by the reduction of an adsorbed metal
precursor with sodium tetrahydroborate solution
at room temperature.2-1 The catalyst prepared is
highly active to the selective production of
cinnamyl alcohol (unsaturated alcohol) in the
liquid-phase hydrogenation of an a,(3unsaturated aldehyde, cinnamaldehyde. Such a
high activity was not observed for a catalyst
prepared by the reduction of the same adsorbed
precursor by hydrogen at 400°C or above, as
expected from the literature data.3) In the
present work, we have studied the nature of
those non-heat-treated catalysts by several
techniques.
EXPERIMENTAL
Supported platinum catalysts were prepared
from porous alumina and silica gels as support
and platinum tetraamine dichloride and chloroplatinic acid as precursor. Metal precursors
were adsorbed by the supports under controlled
pH conditions. The precursor/support samples
obtained were reduced by a 0.1 M sodium tetrahydroborate solution at 35°C and pH 11.6 for
30 min or by flowing hydrogen at 500°C for 3 h.
The catalysts reduced by the former and latter
procedures are referred to as LR and HR catalysts, respectively. Activities of the catalysts
prepared were tested for liquid-phase cinnamaldehyde hydrogenation. The bulk structure of
platinum crystallites formed was studied by Pt
L...-edge EXAFS spectra measured at room

temperature at the BL-10B station. The surfaces of the crystallites were examined by
chemisorption of hydrogen and carbon monoxide and X-ray photoelectron spectroscopy
(XPS). Experimental details have been d e scribed elsewhere.4)
RESULTS
The alumina-supported LR catalysts from
the two precursors showed higher activities and
selectivities to the unsaturated alcohol compared
to the corresponding HR catalysts.4) The platinum crystallites of the LR catalysts were slightly
smaller than those of the HR ones from EXAFS
and chemisorption data. However, the difference wa^ small so that this could not explain the
difference in the catalytic actions. The EXAFS
and XPS did not indicate a difference in the bulk
structure (Pt-Pt distance and coordination
number) and in the electronic state of the surface
of the crystallites between the LR and HR catalysts. Thus, we think that the LR catalysts have
a different atomic arrangement at the crystallite
surface that is not achieved for HR ones. In the
case of silica support, the LR and HR catalysts
indicated similar very low activities compared
with the alumina-supported catalysts.

1)
2)
3)
4)

193

REFERENCES
For example, C.N.Satterfield, Heterogeneous
Catalysis in Practice, McGraw-Hill, New
York, 1980.
M.Arai, K.Usui and Y.Nishiyama, ./. Chem.
Soc. Chem. Commun., 1993, 1853.
P.N.Rylander, Catalytic Hydrogenation over
Platinum Metal, Academic Press, New
York, 1967.
M.Arai, K.Usui, M.Shirai and Y.Nishiyama,
Stud. Surf. Sci. Catal., in press.

93G151
Ru CLUSTER CATALYSTS ON FULLERENE
Yasuo IZUMI, Ken-ichi AIKA, and Susumu HIKAZUDANI
Department of Environmental Chemistry and Engineering, Interdisciplinary Graduate School of
Science and Engineering, Tokyo Institute of Technology,
4259 Nagatsuta, Midori-ku, Yokohama 226
Alkali-doped C 6 0 is known to exhibit
superconductivity/
We report new chemical
application of fullerene as catalyst support
utilizing the conductivity when doped with alkali.
EXPERIMENTAL
Crude C 6 0 was purified by carbon
column method.2 Obtained CgQ was reacted with
Ru3(CO)12 in toluene (24h). Cs+-doped SiO 2
was added to the solution (6h). Solvent was
evaporated, evacuated at 723 K, and in H 2 at 588
K (Ru 2.7 wt%). The molar ratio C s ^ R i ^ C ^
was 3:2:3 (cat-1). Reference without C 6 0 was
prepared in the same procedure (cat-2). Ru Kedge EXAFS was measured at beamline 10B,
and analyzed on code EXAFSH by Yokoyama et
al. by using empirical parameters extracted from
Ru and RuO2 powders.
RESULTS AND DISCUSSION
EXAFS oscillation was weaker for cat-1
{Figure l(lb)}, and the coordination around 1.9
A in (lc) was stronger than in the case of (2c).
As TEM measurements (Topcon) suggested that
Ru was situated on C 6 0 bulk judging from the
stripe pattern (~7.4A interval, 1st & 2nd layers
of C 60 ) and the color contrast, curve fitting
analysis was performed with Ru-Ru & Ru-C
waves for cat-1, and with Ru-Ru & Ru-0 waves
for cat-2 (Table 1). The N Ru _ Ru was 3.9 for cat1, but far larger (10) for cat-2. The Ru clusters
on C 6 0 bulk can be electronically affected by
doped Cs+ (on SiO2) through C 6 0 bulk as if
through 'electron conductive medium' as
suggested by XPS. Further investigation is
needed to explain the catalytic difference
(ammonia synthesis) with/without C 6 0 (160 and
25 fx mol h"fg-car1, respectively).
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Figure 1. Ru tf-edge EXAFS for cat-1(1) and
cat-2(2). (a)raw spectrum, (b)k3 % , (c)its
associated FT, and (d)CF.
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Introduction
Thin oxide layer with a homogeneous
structure is promising as a model of mixedoxide catalyst. The silica monolayers were
prepared by the CVD (chemical vapor
deposition) of Si(OCH3)4 (tetramethoxysilane)
on several metal oxides [1, 2]. However, few
spectroscopic methods are available for SiO2.
Since germanium is included as the same group
of the periodic table as silicon, the CVD of
germanium alkoxide is expected to form the
monolayer of germanium oxide. We will now
report the EXAFS of deposited germanium,
which will give valuable information about the
structures of oxide monolayers.
Experimental
The vapor of Ge(OCH3)4 (germanium
tetramethoxide) was admitted at 473 K on Y~
alumina, titania and zirconia, and the samples
were calcined at 673 K in 27 kPa of oxygen.
The GeO2 loading was determined from the
weight gain.
The Ge-K edge EXAFS was measured on a
self-supporting disk molded from the sample
powder at the Beam Line 10B of the Photon
Factory in the National Laboratory for High
Energy Physics (KEK-PF). The synchrotron
radiation from the electron storage ring (25 GeV,
average current 100 mA) was monochromatized
with a channel-cut Si(311) monochromator.
The incident- and transmitted-beam intensity
was measured by an ionization chamber filled
with a gaseous mixture (15 % argon and 85 %
nitrogen) and with 100 % argon, respectively.
The k3 weighted EXAFS was extracted by the
method according to Tanaka et al. [3], and
Fourier transformed.

obvious difference in the structures between the
GeO2 deposited on alumina and the a-quartz
type GeO2 (Fig. 1). The a-quartz type GeO2
showed both of the G e - 0 and Ge-O-Ge bonds,
whereas the deposited GeO2 revealed only the
Ge-0 bond. This suggests a structure of ultra
thin layer of the deposited GeO2. Similar
transforms were obtained by the depositions on
titania and zirconia.
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Fig. 1 : Fourier Transform of EXAFS
The BAT method (benzaldehyde-ammonia
titration) [1] showed that the deposited layer
covered 1 run2 of the alumina surface with 13
atoms of Ge. This suggests that the monolayer
of germanium oxide consisting of 1 : 1 of AlO-Ge bond. The CVD of germanium alkoxide
is concluded to form the monolayers of
germanium oxide on the metal oxides.
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Results and Discussion
The Fourier transform of EXAFS shows the
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Introduction
It is interesting that nature of ultra fine particles
of metals or semiconductors is different from their
bulk states because of the size effect. There are many
methods to prepare ultra fine particles such as
vapour phase method. But the particles made by
vapour phase method are aggregated by their
cohesion, so it is difficult to investigate the particle
nature individually. Then the method to grow the
particles in the solid matrix was devised. We made
Bi metal particles whose diameters were about 1 nm
to 200 nm in sodium borate glasses by heat
treatment. By using these glass samples we
investigate the local structures around Bi atoms
during the precipitation process of the particles.
Experimental
We prepared the glass samples containing Bi
metal particles by the conventional melting and the
heat treatment processes. A 28Na2O-72B2O3 glass
with 3SnO and IB12O3 was fused at 1300K. After
quenching the melt quickly, Bi metal particles were
precipitated by the heat treatment for 300 hour. The
heat treatment temperature was 748K. The shapes of
the samples were slabs. The particles precipitated in
the glasses were checked by the wide angle X-ray
diffraction measurements and confirmed as Bi metal
crystal.
The EXAFS absorption spectrum of Bi LJJJ edge
was measured at the BL-10B station at the Photon
Factory. The measurements were carried out at room
temperature.
Results and Discussion
The states of the glass samples before and after
the heat treatment process are shown in figure 1.
There are no particles in the glass without heat
treatment. In contrast, some spherical particles are
shown in the glass after 300 hour heat treatment. For
the purpose to clear the variation of the local
structure around Bi atoms with increasing time we
done the EXAFS measurements.
Figure 2 shows the Fourier transforms of the k 3 multiplied EXAFS data of the glass samples. One is
the glass without heat treatment, and the other is
with 300 hour heat treatment. Figure 2 also contains
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the data for the B12O3 crystal as a reference sample.
The spectrum for the glass without heat treatment
has only one peak. This fact shows that Bi atoms are
dissolved uniformly in the matrix glass and there are
no middle to long range order around Bi atoms. To
contrast with the spectrum of the B12O3 crystal, the
peak in the glass spectrum is almost the same
position as the shortest Bi-O correlation in the
Bi2O3 crystal. The result shows that the peak can be
assigned to the nearest B i - 0 correlation around Bi
atoms in the glass. Similarly, in the spectrum of the
300 hour heat treated glass only one peak is
observed. It is obvious that this peak has the same
origin with the peak in the as quenched glass. There
is no peak corresponding to the Bi-Bi correlation,
because the amount of the Bi atoms which
precipitate as Bi metal particles is too small. Namely,
the most part of Bi atoms still remain in the glass
matrix. This result is supported by our thermal
analysis.

(a)
(b)
Fig.1 TEM photographs of the glasses : (a) as
quenched, (b) after 300 hour heat treatment.

a _

Fig.2 The magnitude of the Fourier transforms of (a)
B
' 2 ° 3 crystal, (b) as quenced glass and (c) 300
hour heat treated glass.
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Introduction
In the previous study [1,2], we demonstrated
that highly dispersed Mo sulfide species are
synthesized by using Mo(CO)g encaged in zeolite
as a precursor and that they exhibit high activity for the HDS of thiophene. The dispersion
of the Mo sulfide species were estimated on the
basis of NO adsorption capacities. In the
present study, the structure and dispersion of
zeolite supported Mo sulfide species were
examined, in the presence or absence of Co, by
EXAFS techniques.
Experimental
Molybdenum h e x a c a r b o n y l , Mo(CO)g, was
adsorbed on a NaY z e o l i t e which had been
evacuated at 673 K. Mo(CO)e/NaY was sulfided at
673 K. The resultant Mo sulfide catalyst is
denoted MoSx/NaY. Mo03/NaY was prepared by a
c o n v e n t i o n a l i m p r e g n a t i o n method and t h e
sulfided form is denoted MoS2/NaY here. Cobalt
was introduced i n t o MoSx(MoS2) /NaY by using
Co(NO)(CO)3 as a p r e c u r s o r , followed by a
second sulfidation at 673 K (CoSx-MoSx/NaY). A
Co-Mo sulfide catalyst was also prepared by a
reversed order of Co and Mo adsorptions (MoSxCoSx/NaY). The EXAFS spectra were measured at
room temperature on a BL-10B instrument at PF
without exposing the sulfided sample to air by
using an in s i t u cell with Kapton windows.

a d d i t i o n to Mo-S and Mo-Mo b o n d i n g s . The
formation of binary s u l f i d e s p e c i e s was a l s o
confirmed by the Co2p XP spectra of the c a t a l y s t .
MoSx-CoSx/NaY showed the same HDS a c t i v i t y as
CoSx-MoSx/NaY at the identical composition. The
f o r m a t i o n of the Mo-Co b o n d i n g s were a l s o
observed for MoSx-CoSx/NaY. On the other hand, an
a d d i t i o n of FeSx to MoSx (FeSx-MoSx/NaY)
significantly decreased the HDS a c t i v i t y of MoSx.
In this case no Mo-Fe bondings were observed as
shown in F i g . l .
In conclusion, i t i s demonstrated by using
EXAFS techniques that highly dispersed Mo sulfide
species are formed on zeolite by using Mo(CO)6
and that highly dispersed Mo-Co binary sulfide
species are synthesized on z e o l i t e . We suggest
that Mo-S-Co bondings a r e r e q u i r e d for the
generation of c a t a l y t i c synergies, taking into
c o n s i d e r a t i o n t h e c a t a l y t i c a c t i v i t i e s of
variously prepared model Co-Mo catalyst systems
[3].
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Results and Discussion
The c a t a l y t i c a c t i v i t y of MoSx/NaY for the
HDS of thiophene was found to increase as the
Mo loading increased up to 2Mo/supercage, which
fact suggests a formation of a uniform Mo
sulfide species in the c o n c e n t r a t i o n r a n g e .
MoSx/NaY showed 2-3 times higher HDS activity
t h a n MoS2/NaY i n l i n e with t h e p r e v i o u s
observations [ 1 , 2 ] . The k 3 -weighted F o u r i e r
transforms of the Mo K-edge EXAFS is shown in
Fig.l for MoSx/NaY. In the case of MoSx/NaY,
only Mo-S and Mo-Mo bondings were observed and
the Mo-Mo coordination number was calculated to
be close to unity, suggesting a formation of
highly dispersed Mo s u l f i d e s p e c i e s . On the
other hand, Mo-0 bondings were d e t e c t e d for
MoS2/NaY as well as Mo-S and Mo-Mo bondings due
to Mo s u l f i d e s (not shown), s u g g e s t i n g t h a t
only a part of Mo is sulfided in MoS2/NaY. This
was corroborated by XPS. The higher a c t i v i t y of
MoSx/NaY i s explained in terms of a higher
dispersion of the Mo sulfide species.
The c a t a l y t i c synergy between Co and Mo
sulfides was found to generate for the HDS of
t h i o p h e n e for CoSx-MoSx/NaY. The maximum
a c t i v i t y was obtained a t the composition of
about Co/Mo = 1. The k 3 - w e i g h t e d F o u r i e r
transforms are shown in Fig.l for the Co-Mo
binary c a t a l y s t . I t i s c l e a r l y demonstrated
that Mo-Co bondings are observed at 0.282 nm in

0

1

2

3

4

5

Distance / A
3

Fig.l
k -weighted Fourier transforms of the Mo
K-edge EXAFS for MoSx/NaY, FeSx-MoSx/NaY and
CoSx-MoSx/NaY.
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Introduction

stage of reduction with ethanol, gained electrons are
delocalize in the aggregates and no change can be
observed in EXAFS 2nd. shells, maybe because at this
stage they have diverse Mo-Mo distances and static
Debye-Waller factors are large. When the reduction
proceeds further, strong bonds are created by then
localized electrons and that can be detected in EXAFS
spectra. Kinetic results show that the catalytic ethanol
oxidation reaction at 433K may proceed by redox
mechanism, but the reduction level with the 0.26nm MoMo bond cannot be involved in the redox cycle.
References
[IJY.Iwasawa, Adv. Catei., 35 (1987) 187
[2]Y.Iwasawa et al., Z.Phys.Chem.N.F., 144 (1985) 105
[3}M.deBoer et al., Catal. Lett., 11 (1991) 227

For Mo/SiO2 catalysts prepared by fixing
onto silica, we proposed structure models, which basically
based on the idea that on those fixed catalysts strong
bonds between Mo and SiC>2 keep initial dimeric nature
of the precursor complexes. [1] Usually only little Mo-Mo
peaks were observed with EXAFS measurement of the
catalysts in oxidized state. Once when measured at 80K,
they could be detected with strong intensity.[2] We
concluded that large thermal Debye-Waller-like factor
had blurred the Mo-Mo peaks at room temperature. At
433K the fixed dimer catalysts were reduced with ethanol.
Formation of acetaldehyde reached a plateau with a
certain reduction level. EXAFS spectra of the catalysts
at mat point showed 0.26nm Mo-Mo bonds with
coordination number 0.5. Catalytic ethanol oxidation over
the catalysts was thought to proceed with a redox cycle
between those two dimer structures. In this time we
reconsider those structure models and propose other ones.
Experimental
Mo/SiC>2 catalysts were prepared from MoC^acac^,
HM),

10.0 -

P4OJO 2 (OAC^{H 2 OXOH) 2 }XH2O and

4. Ethanol oxidation activity of those catalysts
was measured by a closed circulating system. EXAFS
spectra were taken at BL-10B.
Results and Discussion
All prepared Mo/SiC^ catalysts of c.a. 2wt% loadings
have no significant Mo-Mo EXAFS peaks in oxidized
form without contacting air. It is also confirmed that even
the fixed catalysts show polymolybdate-like Mo-Mo
peaks when exposed to moist air.[3] So it is unable to say
unequivocally that the peak observed previously at low
temperature was dimer structures'.
The formed
polyanions should be Keggin type silicomolybdicacids, as
determined by comparison of the catalysts' and the anions'
spectra.
Fig.l shows EXAFS Fourier transform spectra of
Mo/Si(>2 catalysts from various precursors reduced by
ethanol at 433K. Peak of Mo-Mo bond at 0.26nm can be
seen for all of them with almost the same coordination
number 0.5. Fig.2 depicts that the peak grow further with
higher temperature reduction. From these spectra and the
result of UV-VIS DRS measurements, it is thought that
this Mo-Mo bonds are not that of isolated dimers and that
it cannot build up in a single step. We propose a new
structure model that on Mo/SiC>2 catalysts in general
dominant species are aggregates of Mo. At the initial

0.0

0.2

0.4
0.6
R / nm

Fig.1. EXAFS F.T. spectra of reduced Mo/Si0 2 catalysts
prepared from (a) MoC^Cacac^. (b) AHM,
(c) Mo2(C3H5)4,

6.0
5.0

-----403K
433K
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......... 44gK
513K
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o.o1
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0.0 0.1 0.2 0.3 0.4 0.5 0.6
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Rg.2. EXAFS F.T. spectra of Mo/Si0 2 catalysts
reduced by ethanol at various temperature
198

Proposal No 93-G171

Local strain in single crystal Cu/Ni superlattices
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Introduction
Recently, much attention has been drawn by the specific
features in metallic multilayers. Magnetoresistance and
reflectivity are the most important application of
multilayers. In 1983, Tsakalakos et a/.') reported the
anomalous feature of elastic property in the system with
the modulation wavelength in the vicinity of 17A. On the
other hand, Davis el al. and Kumar et al. reported no
elastic anomalies were seen by various methods in
1991.2-3) We have synthesized single crystal Cu/Ni
superlattices in order to clarify the presence and the
origin of the elastic anomaly in the Cu/Ni superlattice.
Coherency strain is one of the candidate for the elastic
anomaly. It is difficult, however, to obtain the
information of the lattice spacing along the growth
direction in diffraction method. We have to apply the
non-diffraction method to observe the lattice spacing of
each layer.
Experimental
Samples were prepared by removing the GaAs substrate
selectively by chemical etchant. In order to support the
films, substrate was remained on the edge. Furthermore,
the samples were stacked each other and 5u.m myler film.
Samples were held on the rotational stage in order to
incline against the X-ray beam. Measured samples were
listed in table.-1. Measurements were performed at the
BL-10B. In order to suppress the statistical fluctuation,
iterative measurement were performed.
Analysis of the EXAFS data was performed by subtracted
with the background, Fourier-transformed, filtered and
fitted with calculation.

Fig. 1 Observed and calculated of EXAFS function.

Table 1 Measured samples and calculated lattice
spacing along the growth direction.
A(A)
7.2
14.4
36
160

L.S. in Cu (A)
1.806
1.80?
1.806
L80i

L.S. in Ni (A)
1.68s
I.71e
1.72s
1.724

Results and Discussion
Figure I shows the observed and calculated x(k) curves
of Ni atoms in the [Cuio/Niio] superlallice. Extracted
parameters were also listed in table 1. It is interesting
that the spacing of Cu along the growth direction is
deformed from the bulk lattice spacing. On the other
hand, that of Ni increases and is close to bulk lattice
spacing with A. This result suggests that the large strain
remains at L smaller than 36 A. We are planning to
calculate the elastic constant and to compare with the
experimental result.
References
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Fig 2. Distance of Cu-Cu and Ni-Ni in the growth
direction calculated by the fitted data.

93-G180
STABILIZATION OF COPPER METAL CLUSTERS IN MORDENTTE NANOPORES: WATER
TREATMENT OF EVACUATED COPPER-ION-EXCHANGED MORDENTTE AT 300 K
Yasushige KURODA,* Hideaki HAMANO, Hironobu MAEDA, Ryotaro KUMASHIRO, Yoshihiro
KUBOZONO, Yuzo YOSHIKAWA,* and Mahiko NAGAO
Institute for Molecular Science, Okazaki 444, Japan (*) and Okayama University, Okayama 700, Japan

Introduction
Small metal clusters have attracted great interest
during the past decade. Optical and electronic
properties or clusters are expected to change from
bulk" properties to "molecular" properties within
a certain size range. With reference to electronic
properties, this change is represented by the transition of the electronic band structure of a crystal
to the molecular orbital levels of a smaller size
substance. Furthermore, since the cluster size determines the relative population of coordination
sites and its molecular symmetry, a heterogeneous
catalytic reaction at a metal surface is affected not
only by the electronic properties of the metal but
also by the structure of coordination sites, and the
cluster size is suggested to be responsible for the
modified selectivities in a number of catalytic reactions. Controlled synthesis and examination of
clusters in the intermediate size range is of particular interest, because this would allow controlling
the properties of electronic materials and catalyst
systems.
We found that the small copper metal clusters
of low crystallinity have been prepared in the
cavities of mordenite via ion-exchange processes,
followed by heat treatment, and subsequent H2O
treatment at 300 K. In the present investigation,
XAFS techniques are used to obtain the electronic
and structural properties of metal paricles formed
in the mordenite nanopores.

Results and Discussion
Figure 1 shows the EXAFS and XANES spectra
for copper-ion-exchanged (215%) mordenite (
CuM-215) which was evacuated at 300 K (a) and
at 873 K (b), and reevacuated at 300 K after exposing the 873 K-evacuated CuM-215 sample to
saturated H2O vapor for 12 h at 300 K (c), respectively. Using CuO as the reference substance, we
attributed theofirst and second major peaks centered at 1.54 A and 2.85 A (no phase-shift correction) to the backscattering from the nearest neighbor oxygen atoms and from the second nearest
copper ions, respectively. After evacuating this
sample at 873 K, the second peak disappears. This
fact is explained quite naturally that the species
formed upon evacuation at 873 K have a large
static or dynamic disorder. The new feature is observec^on the spectrum (c); it shows a newoband at
2.18 A in addition to the band at 1.42 A. This
new band may be due to the Cu-Cu interaction in
metal by comparison with the spectra for the reference metal sample. This result suggests that
copper metal fine particle is formed in zeolite matrix through the treatment of sample with H2O at
300 K.
As to the XANES spectra, the presence of a
weak peak at 8.978 keV(ls-3d) and the lack of an
intense band below 8.985 keV for 300 K-evacuated sample both indicate that this sample contains
predominantly Cu(II) species. The strong peak at

8.984 keV in the 873 K-evacuated sample has
been observed in a number of Cu(I) compounds
and is ascribed to the ls-4p transition. This finding implies that treating the sample at higher temperatures in vacuo reduces the divalent copper ion
to the monovalent state. After exposing this sample to H2O vapor, the main feature of XANES is
the decrease in intensity of Cu(I) edge; the resulting pre-edge spectral pattern is similar to that for
Cu metal. Taking account of the above EXAFS
results, this spectra can be reasonably accounted
for by the existence of copper metal. Furthermore, the presence of the weak shoulder around
8.978 keV indicates the existence of divalent copper ion. This consideration is also supported from
the ESR data; the ESR peak intensity of the 873
K-treated sample was increased by exposing this
sample to H2O vapor.
EXAFS has been used to investigate the structure of metal microclusters. When small metal
clusters are examined by EXAFS, the apparent average coordination number is smaller than that observed in the bulk metal because of the high proportion of surface atoms. This effect is dependent
on the size of the metal cluster. Therefore, we can
estimate the size of formed metal particle from the
data of coordination number. Frpm our data, it is
found that microclusters (10-15 A mean diameter)
were formed in the sample by treating the 873 Kevacuated CuM-215 with saturated H2O vapor at
300 K. The XANES spectrum also supports the
above conclusion; the absence of two peaks at
8.994 and 9.004 keV in the XANES for microclusters, in contrast to that for the bulk metal, indicates the absence of higher-shell atoms in the
cluster, as described by Montano et al. > The reason for the formation of metal cluster is ascribed
to the stability of Bronsted acid sites in copperion-exchanged mordenite. IR spectroscopic data
has provided similar evidence.

Fig. 1.XAFS spectra
for CuM-215.

Reference
1) P.A.Montano et. al.
Phys. Rev. Lett.,

56,2076(1986).
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INTRODUCTION
In catalyst studies some conflicted conclusions
are reported, because the support or the preparation
method employed in each study is different. In
the present study, we prepared a series of NiW/SiO2-Al2O3
catalysts
with
different
SiC"2/Al2O3 ratios using a common support and
preparation method, and then introduced them
into a commercial hydrodesulfurization (HDS)
unit for a year. The main purpose of this report is
to discuss the dependence of structural changes on
the SiC>2 content in the support during the one-year
run.
T^XPERTTVTKNTAL
Ni-W/SiO2-Al2O3 catalysts with 6mol% of Ni
and 12 mol% of W loadings were prepared by impregnation using supports with
different
SiO2/Al2O3 molar ratios of 0/100, 30/70 and
50/50. A canister packed by the prepared catalysts was located in a commercial HDS unit for
vacuum gas oil for one year. Corresponding
freshly sulfided catalysts were also prepared as
references. Structural changes were analyzed
by the W Lni- edge EXAFS spectra measured at
the BL-10B of the Photon Factory.
RESULTS AND DISCUSSION
The FT magnitudes of W-W ans W-S peak are
shown in Fig.l as a function of SiC-2 content i n
support. Both FT magnitudes of the W-W and
W-S peak increase as the SiC*2 content in the support increases, indicating that the WS2 slabs on
the SiO2-rich supports are larger than those on
the AI2O3 support for the fresh catalysts.
During the HDS run, the WS2 slabs are found to
grow in the lateral direction, as indicated by the
increase in the W-W and W-S magnitude.
Among the spent catalysts, the WS2 slabs on the
SiC-2-rich supports were smaller than those on the
AI2O3 support in contrast to the fresh catalysts.

The interaction between W and AI2O3 leads to
less aggregated tungsten sulfide structure on the
Al2O3-rich support during the sulfiding procedure. However, the WS2 slabs on AI2O3 are
more mobile during the run as compared to those
on the SiO2-Al2O3 supports.
The relative change in the size of the WS2 slabs
is represented by the ratios of the magnitude of
W-W peak in the spent catalysts to that in the
fresh catalysts, which is also shown in Fig.l with
dotted line. It shows that the growth of the WS2
slabs is suppressed by the addition of SiC>2 in the
support. The XPS and TEM studies on the same
catalysts have supported the above discussion. It
can not be determined with the precent study
whether the SiC>2 support alone or the interface
between SiC>2 and AI2O3 has such effect. The
growth of the WS2 in the lateral direction leads to
the decrease of the number of catalytically active
sites located at the edges of WS2 slabs, which
likely cause the catalyst deactivation.

t 0.5

20 40 60
SiO2/mol%
•S/fresh — •

W-W/spent

•S/spent - - x - - W-W(spent)/W-W(fresh)
W/fresh

Figure 1 Change in the magnitude of the W-W
and W-S peak as a function of SiO content
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Introduction

sistent with the value in a crystalline phase. This supports that the Ag(I) ion is surrounded by four AN
molecules in Td symmetry.
For the EN solution, the second sphere peaks due to
the Ag(I)«"C non-bonding interactions appear in the
Fourier transform, whereas the corresponding peaks are
not seen in the PA solution, although the molecular
structures of these two solvents are similar. This clearly
indicates that the EN molecule binding to the Ag(I) ion
acts as a bidentate solvent to form the [Ag(en)2]+ complex. The fact that the Ag(I)-N bond length in EN is
longer by 2 pm than that in PA reflects the chelate formation of EN because of the rather large ionic radius of
Ag(I) ion compared with the chelate size of EN.
For the Ag(I) ion, the Ag(I)-N distances in AN, PA,
and EN are shorter than the Ag(I)-0 distances in H 2 O,
DMF, DMSO, TMU, and TMP. On the contrary, the distance of M(II)-0 interaction for the first-row transition
metal ions is shorter than the M(II)-N distance. This is
due to the softness character of the Ag(I) center, i.e., the
covalency for the Ag(I)-N bonding interaction is more effective.

The solvation structure of metal ions is indispensable
for understanding their reactivity in solution. For the
first-row transition metal(II) and -(III) ions in aqueous solution, the hydration structures are determined by the Xray diffraction method to be 6-coordinate octahedral.
Recently, the solvation structures in non-aqueous solvents have been also investigated by the EXAFS method.
According to these results, the solvation structure is influenced by the size of metal ion and solvent molecule
and the charge of metal ion. For instance, the solvation
number in the bulky solvent, 1,1,3,3-tetramethylurea
(TMU), is 5 and 6 for the Mn(II) and In(III) ion, respectively, although the ionic radius for both the ions is simi lar [1]. In order to evaluate the relationship between the
solvation number and the size and charge of metal ions, it
is useful to know a solvation structure of Ag(I) ion.
It is known that the Ag(I) ion forms 2-coordinate linear complexes with ammonia, imidazole, and pyridine in
the crystalline and aqueous phases [2], On the other
hand, the structure of solvated Ag(I) complexes prepared
in pyridine and acetonitrile is 4-coordinate tetrahedral.
According to the studies for aqueous solution of Ag(I) ion
by using X-ray scattering, neutron scattering, and
EXAFS, the hydrated Ag(I) ion has the 4-coordinate tetrahedral structure with Ag(I)-0 bond length of 231 ~ 245
pm. However, there are no data of solvation structure of
Ag(I) ion in non-aqueous solvents.

Experimental
We have performed the EXAFS measurements for 0.3
~ 0.4 mol kg- 1 AgNO3 solutions of H2O, A/,N-dimethylformamide(DMF), dimethyl sulfoxide (DMSO), TMU,
trimethylphosphate (TMP), acetonitrile (AN), n-propylamine (PA), and ethylenediamine (EN) at the BL10B with
a channel-cut Si(311) monochromator and ion chamber
detectors filled with Ar and Kr gases for / 0 and / measurements, respectively.

Results and Discussion
Fourier transforms are represented in Figure 1 together with the structure parameters determined by using aqueous solution as a standard sample. The coordination
number is decided to be 4 for all solutions presented in
this study. Interestingly the large Ag(I) ion has the lower
coordination number than 6. This is due to the low
charge of the central Ag(I) ion, i.e., the steric repulsive
force in the 6-coordinate solvation for the Ag(I) ion
would be large and may not be compensated by the electrostatic attraction between the Ag(I) ion and surrounding
solvent molecules.
A DMSO molecule has potentially two coordinating
sites and it is expected that an S atom of DMSO binds to
the Ag(I) ion from a measure of the softness of Ag(I) cen ter. However, there is no difference in the k3x(k) curves
for H2O, DMF, DMSO, TMU, and TMP solutions, thus
we can conclude that the DMSO molecule coordinates to
the Ag(I) ion at the O site. For DMF, TMU, and TMP
as well as DMSO, the donor atom should be oxygen and
the Ag(I)-0 bond lengths are the same, -238 pm. This
distance is in a good agreement with those in many tetrahedral Ag(I) compounds, thus the solvation structures of
Ag(I) ion in DMF, DMSO, TMU, and TMP are tetrahedral.
In the AN solution, obtained Ag(I)-N distance is con-

Figure 1. Fourier Transforms of Ag(I) Ion
Solutions. The figures in parenthesis are the
coordination number and bond length in pm.
[1] Y. Inada etal., Inorg. Chem., 33, 1875 (1994).
[2] T. Yamaguchi etal., Ada Chem. Scand. Ser. A, 3 7,
685 (1983).
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contrary to the increase in peak intensity at 0.17 nm.
Coordination of citrate ligands to the distorted WO6
octahedra in the dodecatungstate ions might result in some
structural destruction of them and formation of smaller
polyanions. This coordination was promoted with the Ni2+citrate interactions.
In the Fourier transforms of EXAFS spectra(W L,(I-edge)
for the sulfided NiW(am) and NiW(cit) catalysts, two main
peaks were observed at 0.241 nm and 0.315 nm for both of
the catalysts, which corresponds to the first W-S and W-W
coordinations in WS2 crystallites. Table 1 shows the average
coordination numbers for sulfur(N(S)) and tungsten(N(W))
atoms. The N(W)/N(S) values5* suggested that the size of the
(002) basal planes of the WS2-like crystallites was larger for
the NiW(cit) catalyst than that of the NiW(am) catalyst. In
other words, crystallization of WS2-like sulfides was more
advanced for the NiW(cit) catalysts, though about 65 % of
WO3 was converted into the WS2-like sulfides for both of the
NiW catalysts(XPS data).
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Introduction
Environmental regulations on emissions have been
tightened, and lead to low aromatics and sulfur specifications
for diesel fuels. Highly active hydrogenation catalysts are
desirable for aromatics saturation. Extensive studies on the
hydrotreating catalysts reveal that dispersion and geometric
configuration of MoS2-like crystallites on the catalyst support
as well as location of Co and Ni on these crystallites
influence their hydrogenation activities and selectivity. We
showed that the citric acid was an effective agent to control
the Mo structures and to increase the HDS activities1"3*.
Tungstate catalysts are known to be highly active in hydrotreating/hydrocracking of middle distillates and upgrading
coal-derived oils, which contains low concentration of sulfur.
Therefore, innovation of the development of NiW catalysts
would impact on their use as aromatic saturation catalysts in
spite of their price and limited reaction atmospheres
compared with NiMo catalysts.
We prepared the NiW impregnating solutions by using citric
acid as a complexing agent, and characterized of the tungsten
structure in the impregnation solutions and in the sulfided
catalysts by EXAFS.
Experimental
The NiW catalysts were prepared by an incipient wetness
impregnation method. The impregnating aqueous ammoniacal
(am) solutions were prepared using solution of ammonium
tungstate (NH^HjW^O^jrf^O and nickel nitrate, and
aqueous citrate(cit) solutions were prepared using the former
tungstate solution, nickel carbonate and citric acid. Y-A1 2 O 3
was supplied by Catalysts & Chemicals Industries Co.,
Ltd(surface area=209 m2/g, pore volume=0.81 cmVg). The
impregnated catalysts were dried at 393 K for 4 hours and
then calcined at 773 K(standard) for 3 hours in dried air(flow
rate=3 1/min). Amounts of the active components were 4.2
wt% of NiO and 29.0 wt% of WO3 for the NiW catalysts
and 29.0 wt% of WO3 for the W catalysts. The calcined
catalysts were sulfided with a gas containing hydrogen and
hydrogen suIfide(H2S(5%)/H2(95%)) at 673K for 2 h prior to
test reactions and characterization. The EXAFS measurements of impregnating solutions and sulfided catalysts were
done at the Photon Factory(BL 10B, 7C).
Results and discussion
Figure 1 shows the Fourier transforms of the EXAFS
spectra(W l^-edge) for the impregnating NiW(am) and
NiW(cit) solutions. Three main peaks were observed at 0.17
nm, 0.20 nm and 0.39 nm for the NiW(am) solution(pH=1.9),
which corresponds to the terminal W-O, bridging W-O and
W-W coordination of dodecatungstate ion4>, [H^W^O^)]6".
Little changes were observed in the EXAFS spectra between
the starting ammonium tungstate solution(pH=3.3) and
NiW(am) solution.
On the contrary, for the NiW(cit) solution (pH=3.3), the
intensities of the peaks at 0.20 and 0.39 nm decreased

A

J ii

Jii

A A v ."

v/Wf V W

0.1

0.2

0.3

0.4

0.5

Distance (nm)

Fig. 1. Fourier transforms of tungsten EXAFS spectra for the
NiW impregnation solutions (/r'-weighted, M=14.0
(3.75<£<17.75A~'): ammoniaca! NiW(am) solution(
)
and NiW(cit) solution using citric acid(
).
Table 1 Tungsten coordination in the sulfided NiW catalysts
Coordination number.
Catalysts
NiW(cit)
NiW(am)

N(S)

N(W)

4.8
4.9

2.5
2.3

N(W)/N(S)
0.52
0.47
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Department of Applied Chemistry and Biotechnology, Faculty of Engineering, Yamanashi University
Introduction
Some synthetic fluorine mica has a very high selectivity in
ion-exchange reactions. A sodium type tetrasilicic mica, sodium
taeniolite (NaT, NaMgjLiS^OjoryJH, 0 ! exchanges its Na+, the
interlayer cation, for fc+, Rb , Ca + , Ni +, and other cations in
solutions. NaT shows specially high selectivity for K+, Rb+, Cs+,
and NH 4 + . It takes up these cations selectively in the presence of
much excess of Na+. Na+ of NaT and micas with similar
composition was exchanged for Rb+ and other cations and XAFS
of the exchanged ions were measured. The structural changes
were studied with powder X-ray diffraction patterns to characterize
their ion-exchange selectivity.

anhydrous forms and then the whole exchange reaction stops.
Reference
1) H. Toraya, S. Iwai, and F. Marumo, Z. Kristallogr., 146, 73
(1977).

Experimental
Fluorine micas were used after removing impurities such as
a-Cristobalite by washing with water and separation with
centrifugation. Rb, Cs, Sr, and Ba chloride solutions were used for
the reactions under 25 °C. Exchange ratios of Rb+ were varied
from 0.2% to 55% (the maximum exchange ratio) of Na+ in NaT,
and of other cations were ca. 40% and 55%. X-Ray absorption
spectra of K or L^j-edge of exchanged ions were obtained at
BL-10B and BL-7C. X-Ray powder diffraction patterns were
measured by Rigaku RINT 1100V. Samples were prepared to be
wet with the exchange reaction solution for both measurements
because of their structural changes under dry conditions.
5010

Results and Discussion
Figure 1 shows XANES spectra of Rb and Sr K-edse and Cs
and Ba I^-edge uptaken into NaT and their 0.1 mol/dm nitrate or
chloride solutions. XANES of Rb and Cs samples are apparently
different whereas those of Srand Ba samples are similar. It shows
that Rb and Cs take another local structure than in the solution
state. All of the exchanged NaT for each exchange ion showed
same XANES spectra. EXAFS Fourier transforms of exchanged
NaT for are shown in Fig. 2. There is a large peak at the identical
position with that in aqueous solution in the transform of Sr and
Ba-exchanged NaT. The cations are hydrated as if they are in
aqueous solutions. Rb and Cs-exchanged NaT show many peaks
in the transform. According to the crystal structure of K-type
taeniolite, KMg2LiSi,O10F2, these peaks can be assigned as
Fig. 2 (a) indicates. 1Tiere is no peak or shoulder for the hydrated
water oxygen at the position for their aqueous solution. These
alkaline cations are held as an anhydrous form. Fourier transforms
of all of Rb and Cs-exchanged NaT look very sim ilar one another.
X-Ray difflaction patterns around (001) diffraction of NaT after
Rb-exchange reaction for exchange ratios of ca. 40% and 55% are
shown in Fig. 3. The peak around 29 = 5.8° can be assigned to the
Iwo-water layer form of NaT. This peak decreases with increasing
the exchange ratio and disappears when the ratio reaches at the
maximum. The peak around 20 = 8.7° becomes clearer with
increasing the ratio. This peak can be assigned to the anhydrous
form of Rb-type taeniolite. From the diffraction pattern changes
with the exchange ratio for Rb+ and K+, only NaT having the twowater layer form of NaT can exchange its Na+ and it becomes an
anhydrous form. The dehydrated layer never exchanges its
residual Na .
From the information of XAFS and powder diffractions, a
following mechanism of Rb-exchange reaction can be depicted. At
the first stage, Na+ in a two-water layer is exchanged for Rb+. In
this exchange reaction, Rb+ detaches itshydration waters. When
the ratio of Rb+ in the two-water layer reaches at certain critical value,
the layer begins excluding its interlayer waters until it become an
anhydrous form. Finally, all the layers in a sample become

5020
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Fig. 1 XANES spectra of ion-exchanged taeniolite (solid lines)
and nitrate or chloride aqueous solution (broken lines).
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//A
Fig. 2 EXAFS Fourier transform of ion-exchanged taeniolite for
Rb (solid line) and Cs (broken) (a) and Sr (solid) and Ba
(broken) (b). Phase shifts are corrected as O is the
scatterer. Li atoms lie at the same position to Mg in (a).
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Fig. 3
X-Ray diffraction
patterns of Rbexchanged
taeniolite.
Exchange ratios
are ca. 40% (solid
line)
and
the
maximum (proicen
line).
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I.INTRODUCTION
Recently, it has been found that several crystalline
materials are transformed into an amorphous state
by compression. These amorphization have received
considerable attention. However, the structural aspects of most pressure-amorphized materials are still
unknown.
This paper shows the XAFS results on pressureamorphized (a-) GeC>2- There are some polymorphs
of GeC>2. For convenience's sake, a-quartz type, rutile
type and melt quenched glass GeC>2 are abbreviated
to q-, r- and m-GeC>2, respectively. Both q- and mGeC>2 are built up of network of GeC>4 tetrahedra by
bridging oxygen, although the long range periodicity
is lost in m-GeO2- On the other hand, r-GeC>2 has
octahedral coordinated Ge.

11.1

11.12

11.13

Energy / keV
Figure 1: The Ge K-edge XANES spectra, of some
polymorphs of

II.EXPERIMENTAL
Syntheses of a-GeC>2 were carried out using a uniaxial split-sphere apparatus. Samples of q-GeC>2 were
compressed and quenched from 12, 16 and 20 GPa (qGeC>2 is transformed into amorphous state at about
6.5 GPa).
All Ge K-edge XAFS measurements were carried
out in transmission mode at BL-10B.

Ge-Ge,

S

III.RESULTS AND DISCUSSION
The observed Ge K-edge XANES spectra are shown
in Figure 1. The lowest energy absorption (peak-A
marked in Figure 1) of a-GeO2 shifts toward higher
energy side as increasing synthesized pressure. On the
other hand, the peak of m-GeOa is observed at 11.106
keV as its of q-GeO2 is. For m- and q-GeO2 have almost same short range order of atomic arrangement,
the energy of peak-A is affected by the first nearest
neighbor of Ge atom. Therefore, it is considered that
a-GeO2 has lost the short range order of starting material.
The Fourier-transforms of fc3-weighted EXAFS
spectra are shown in Figure 2 and the bond distances
of the first nearest (Ge-O) and the second nearest (GeGe) atoms determined by curve fitting analyses are
summarized in Table.1. We can see two Ge-Ge peaks
of a-GeO2 in Figure 2 and these two bond lengths
approach to those of r-GeO2 by compression.
It is suggested that an increase in pressure for the
synthesis of a-GeO2 results in making its structure
closer to r-GeO2

11.11

e
CO

1

2
3
Distance R / A

Figure 2: Magnitude of the radial structure function
<f>(R) of some polymorphs of GeO2
Table 1: Bond distances from curve fitting calculation

q-GeO2
12 GPa
16 GPa
20 GPa
r-GeO 2
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RGe-O (A)
1.75
1.76
1.78
1.76
1.88

IiGe-Gel
3.15
2.95
2.95
2.98
2.86

(A)

R G e _ G e II (A)
3.20
3.45
3.40
3.42
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in situ XAFS STUDY OF BIUNCLEAR Ru COMPLEXES.
STRUCTURES AND ELECTRONIC STATES
Seiya MIYATA, Mats J.VALLI, Toshio YAMAGUCHI, Hisanobu WAKITA, Akihiro KIKUCHI*Keisuke
UMAKOSHI*, Yoichi SASAKI*
Department of Chemistry, Fukuoka University, Jonan-ku, Fukuoka 814-80, Japan
Department of Chemistry, Hokkaido University, Kita-ku, Sapporo 060, Japan
2)l\Neubold, K, Wiegharclt, B, Nuber, and J, Weiss,
Inorg. Client., 28, 459 (1989).

Introduction
The redox reactions of metallic cluster complexes are
important from a biochemical point of view. However,
the intermediate products in these reactions are so
unstable that they must be stabilized electrochemically
and be kept u n d e r an inert a t m o s p h e r e . T h e s e
intermediate products have been little characterized
before. An in situ electrochemical cell for use in
synchrotron radiation XAFS experiments has been
developed to investigate these structures and electronic
states.The structures and electronic stales of intermediate
p r o d u c t s of a Ru c o m p l e x ,
[Ru2(u,-O)(u.
C H 3 C O O ) 2 ( b p y ) 2 ( H i i n ) 2 ] 2 + (bpy = b i p y r i d i n e ,
Him=imidazole), in acetonitrile solution have been
studied with this new cell by XAFS measurements
c o m b i n e d with this new c e l l .

(in, m)->(iD. iv)

(n. m - u . m)«-(in,
-1
0
Fig.l cyclic voltamogram of

1

^

2+
[Ru2(M.)XM.-CH3COO>'>py)2(Him)2]]:

Experimental
Fig.l shows a typical cyclic voltamogram measured at
25°C for an acetonitrile sample solution which contained
lmM Ru and 0.1M(n-Bu>NPF6. Ru K-edge XAFS
spectra were recorded on BL10B in the Photon Factory,
National Laboratory for High Energy Physics. The
concentration of Ru was 20mM.
Results and Discussion
In Fig. 1, an oxidation wave at +0.9V is assigned to the
oxidation from R u ( I f l , l ) to Ru(M,IV). Two reduction
waves at -0.4V and -0.6V are assigned to the coupled
reduction from Ru( III, III) to via Ru( II , 111 ) to Ru( II,
II ).The XANES spectra for Ru( ID , III) and Ru( III ,IV )
species are approximately identical whereas that for
Ru( II , m ), is different. The EXAFS spectra for the
Ru(IU, III) and Ru(HI ,IV) species are shown in Fig.2. The
least-squares fitting of the EXAFS spectra have shown
that on oxidation the Ru-N and Ru-0 distances are
decreased, whereas the Ru-Ru distance is increased by
almost 0.1A (see Table 1). This result is in accordance
with reported crystal structures. ' ' The Ru( D , III )
spectrum will be measured.

4 5 6 7 8 9 10 11 12 13 14 15

kCA"1)
Fig.2 Experimental (solid line) and fitted (dashed line)
EXAFS functions of the acetonitrile solutions
Table 1 Structural data of
[Ru2(pi-OX|x-CH3COO)2(bpy)2(Him)2] ,2+
Complex

Ru(m,ni)
Ru(HI,IV)
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o,
O2+N3
Ru

Shell
N
r
C
Eo

References
1)C. Sudha, S. K. Mandal, and A. R. Chakravarty,
Inorg. Chern,, 32, 3801 (1993).

Shell
Oi
O2+N3
Ru

N
1
5
1
1
5
1

r(A)
1.87
2.06
3.31
1.83
2.05
3.40

a (A) E o (eV)
0.0572.
0.0572
0.0699
0.0412
0.0412
0.0285

25.4
25.4
14.0
24.2
24.2
15.1

Fitted shell
Coordination Number
Distance from absorbet to backscatterer
Debye-Waller factor
Correction of zero of photoelectron energy
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Introduction
It has been reported by Ivanov et al.
together with those of t-GeO, and
h-GeO2
that,
in the relation between composition and
crystal. Since phase shift parameter is not
physical properties such as density and refractaken into consideration in the radial distive index of alkali germanate glasses, a peak
tribution function
(RDF) curves, RDF peaks
appears when the alkali content is increased,
appear at lower r position than real posiwhich is now known as "germanate
anomaly". The
tion. In the figure, each sample except t-GeO2
structure of melt-derived germanate glasses is
crystal has a peak at ~1.40A. The first peak for
known to be constructed by two types of coordit-GeO, crystal is located at larger distance as
nation polyhedron, i.e, GeO. and GeO
. Melt1.55A, because the Ge-0 distance in octahedral
derived GeO glass consists of four-fold coordiGeO is longer than that of tetrahedral GeO..
nated Ge atoms, and the addition of alkali oxide
Peaks for 400°C-heated gels are broader than
such as Na 0 to GeO glass causes the formation
that of h-GeO
crystal, suggesting that two
of six-fold coordinated Ge atoms till alkali
types of coordination states exist in these
content amounts to 20 mol% where the fraction of
samples. At the lower side of the second peaks
the six-fold coordinated Ge is 25%. In general,
of 400°C-heated gels, a small and broad peak apstructure with ions or atoms in low coordination
pears with increase
of Na 2 O content. The phestate is favorable at high temperatures, and at
nomenon may be explained in terms of the edgelow temperatures structure with high coordinashared GeO. octahedra in those samples. Table 1
tion state is preferred. Therefore, it is exshows the coordination number of Ge
atom, the
pected that Na20-Ge0 glasses prepared by solcorrected inter-atomic distances and Debyegel method, which enables the low temperature
Waller factors, respectively, obtained from nonprocessing of glasses, may contain larger amount
linear least square fitting of the first RDF
of six-fold coordinated Ge atoms than meltpeak. The fraction of six-fold coordinated Ge
derived one. With such a bacground, a sodium
atoms is much more than that
of melt-derived
germanate glasses were prepared by sol-gel
glass of the same composition.
method, and the coordination state of Ge atoms
References
in the glasses was examined by Ge-EXAFS
using
1)
A.
O.
Ivanov and K. S. Evstropiev ; Dokl.
high luminous X-ray at the Photon Factory.
Akad. Nauk, SSSR, 145(1962)797
2) K. Kimiya, T. Yoko, Y. Itoh and S. Sakka ;
J. Non-Cryst Solids, 91(1987)279
Experimental
High purity Ge(0-C H Q ")
(99.999 %) and
2i
Na0CHo
(28wt%
in met
nanol)
were
used
as
starting
materials.
The
alkoxide
mixture
corresponding
to the
oxide
composition
of
xNa 0-(100-x)GeO2 (x=10,15,20mol%) were diluted
witn anhydrous ethanol, and then another solution consisting of water, HC1 and ethanol was
added dropwise to the former solution while
stirred and cooled in the water/ice bath. The
molar ratio of water, ethanol and HC1 to Ge
alkoxide was 2.0, 20 and 0.005, respectively, in
the final solutions. The mixed solutions were
kept standing in the room for gelation in a
tight-sealed container. These solutions set to
gels in two days. After aging in the room for
one day, these gels were transferred to 60°Coven for drying. These xerogels thus obtained
4 5 6
0
were heat-treated to 400°C with a heating rate
r/A
of 10°C/min, and held there for 20 min. The
Figure
1. RDF curves of
sol-gel
derived
heated specimens were X-ray amorphous. In the
xNa2O-(100-x)GeO2 glasses
neighborhood
of
the
Ge
K-absorption
edge
(11.1036keV), X-ray absorption measurement of
the 400°C-heated samples were performed at BL10B. White X-ray generated by synchrotron was
Table 1. Result of non-linear least square
monochromated using channel cut Si(311) crystal
fitting
monochromater. Two ionization chambers were used
to detect the incident and transmitted beams.
Na,0
T\
(Ti
r2
Nc GeO,
Hexagonal GeO, (h-GeOg) crystal was used as
(A)
(molW
(A)
(X)
reference of four-fold coordinated Ge
ion, and
10
1.76 0.053 1.92 0.001 4.22 11
tetragonal GeO (t-GeO ) crystal as that of six15
1.76 0.051 1.90 0.059 4. 78 39
fold coordinated one.

20
1.75 0.047 1.87 0.096 4.90 45
4.00 0
h-GeO, 1.74 0.048
t-GeO,
1.88 0.053 6.00 100

Results
Figure 1 shows the RDF curves of 400°Cheated
xNa 0-(100-x)GeO
(x=10,15,20)
gels,
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HYDROGEN ADSORPTION INDUCED STRUCTURE IN pt L3 XANES
Kiyotaka ASAKURA, Takeshi KUBOTA, Nobuyuki ICHIKUNI*, and Yasuhiro IWASAWA
Research Center for Spectrochemistry and Department of Chemistry, Graduate School of Science, the
University of Tokyo, Hongo, Tokyo 113, Japan,
*Department of Applied Chemistry, Faculty of Engineering, University of Chiba, Inage, Chiba 262,
Japan.
interaction. Probably the interaction of H will
push up some of the vacant d-band to higher
energy which is the origin of the new peak. We
are now planning to carry out the experiment for
other supports and other adsorbates to confirm
this point.

Introduction
Adsorbed hydrogen on metal particles play an
important role in the catalyses. However, a little
techniques available to characterize the adsorbed
hydrogen. XANES spectra of Pt L3 edge have been
found to suffer change by the adsorption of
hydrogen1'3'. But the origin of the change is still at
issue. Three possible mechanisms are proposed
for a moment, i.e., change in direct interaction
with support oxygen, to create a new bonding
between metal particle and surface OH groups and
adsorbed H changes the electronic states of Pt
particle. The purpose of this work is to find a
plausible origin for that new peak associated with
hydrogen adsorption.

References
1) M. G. Samant, et al. J.Phys.Chem., 95, 4070
(1991). 2)M.Vaarkamp et al., 10th Int.Cong. Catal.,
edited by L. Guczi(Elsevier), 809(1992) 3)
N.Ichikuni et al., Catal.Lett., 20, 87-95(1993)

Experimental
XANES spectra were measured at BL10B using
Si(311) channel cut monochromator. The sample
was produced by an ion exchange and an
impregnation method. The supports were SiO2
and A12OS. The particle size was determined by an
uptake of hydrogen under the assumption of
H/Ptsurfaoe =1 and the spherical shape. The sample
was reduced at 773 K for 1 h and then evacuated
at 773 K for 0.5 h. Hydrogen was adsorbed on the
same Pt particles at room temperature.

11560

11570 11550 11560

11570

E/eV
Fig.l Pt L3 edge XANES of Pt/SiO2.a),b)
D(dispersion)=0.18, c), d) D=0.36, e),f) D=0.82
a), c),e) are without H2 b),d),f) are with H2.

Results and Discussion
Fig.l shows the XANES spectra of Pt L3 edge of
Pt / SiO 2 . The new peak appears at 8 eV above
the white line peak top.
The peak height
increases with the increase of the dispersion as
shown in Fig.2, indicating that the peaks is due to
the introduction of hydrogen. The triangle in the
Fig.2 shows the height of the peak in the L3 edge
of Pt / A12O3 which is on the same lines those of
0.4
0.8
1.2
Pt/SiO2.
The position of the new peak also
Dispersion
appeared at 8 eV above the white line peak top.
No dependence of the supports indicates that the
Fig.2 Relation between dispersion and height of
new peak does not arise from the metal support sub peak X.
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CHARACTERIZATION OF Cu-AI CATALYSTS' PRECURSOR BY XAFS
Kunio Saiga, Makoto Nakaura,Shigeki Nakahara, Tadatoshi Honda, Kouzou Tanaka,
and Kazufuyu Sudoh
Mitsui Toatsu Chemicals, Inc. ,1190 Kasama-cho, Sakae-ku, Yokohama 247, Japan
I n t r o d u c t ion
Cu c a t a l y s t s a r e u s e f u l f o r methanol s y n t h e s i s and
w a t e r gas s h i f t r e a c t i o n . They a r e p r e p a r e d as
h y d r o x i d e s or b a s i c c a r b o n a t e s , and mixed or
c o - p r e c i p i t a t e d w i t h A l . Z n , Mg. Moreover, t h e y a r e
p r e p a r e d a f t e r c a l c i n e d a n d / o r r e d u c e d . The a c t i v i t y
and l i f e of t h e c a t a l y s t s depend l a r g e l y on t h e
p r e p a r a t i o n s . T h e r e f o r e , i t w i l l be v e r y i m p o r t a n t
t o i n v e s t i g a t e t h e f o r m a t i o n mechanism of t h e
h y d r o x i d e s or b a s i c c a r b o n a t e s f r o m t h e
precipitates.
In t h i s n o t e , t h e Cu a t o m i s t i c
s t r u c t u r e of ma I a c h i t e , compound l i k e h y d r o t a I c i t e ,
and t h e i r p r e c u r s o r s c o n t a i n i n g Cu and Al ions a r e
i n v e s t i g a t e d u s i n g a XAFS s p e c t r o m e t r y .
Exper iments
Sample p r e p a r a t i o n : Samples o f t h e b a s i c c a r b o n a t e
l i k e h y d r o t a l c i t e c o n t a i n i n g Cu and
Al ( s a m p l e : 1), m a l a c h i t e ( : 2 ) and t h e i r p r e c u r s o r ( : 3 )
were p r e p a r e d u s i n g t h e method by C. B u s e t t o e t a I ° .
Because t h e p r e c u r s o r of t h i s system was easy t o
change, t h e p r e c i p i t a e s were hand led c a r e f u l l y .
XRD m e a s u r e m e n t s : The r e s u l t s of XRD measurements
f o r t h e s a m p l e - 1 and - 2 were s i m i l a r t o No. 37-630
and No. 10-399 of JCPDS c a r d f i I es, r e s p e c t i v e l y.
However, t h e s a m p l e - 3 showed amorphous d i f f r a c t i o n
pattern.
ESR m e a s u r e m e n t s : The ESR measurement f o r t h e
s a m p l e - 3 showed t h e h y p e r f i n e s t r u c t u r e , w h i c h
i m p l i e d t h a t t h e Cu compound e x i s t e d as i s o l a t e d
u n i t i n s t e a d of complex 3-D n e t w o r k s t r u c t u r e .
XAFS m e a s u r e m e n t s : The XAFS s p e c t r a of a Cu
f o i I, CuO, s a m p l e - 1 , - 2 and - 3 were measured around Cu
K-edge a t BL-10B of Photon F a c t o r y i n N a t i o n a l
L a b o r a t o r y f o r H i g h Energy P h y s i c s . The XAFS
s p e c t r u m of s a m p l e - 3 was measured i n s t a n t l y a f t e r
p r e p a r e d a t n e i g h b o r e d l a b o r a t r y w i t h i n t h e Photon
Factory.
R e s u l t s and D i s c u s s i o n
F i g u r e s - a , - b and - c show t h e F o u r i e r t r a n s f o r m s of
t h e EXAFS around t h e K-edge/Cu w e i g h t e d by k3 of t h e
s a m p l e - 1 , - 2 and - 3 , r e s p e c t i v e l y. The phase s h i f t were
c o r r e c t e d by u s i n g t h e d e v i a t i o n s f o r CuO.
I t was known t h a t c u p r i c ion showed d i s t o r t e d octahedral
s t r u c t u r e s i n many compounds. According to L E. Orgel et
al3.,
the distances between Cu and 6 oxygenes in malachite
were 1.98 or 2.01 A at the 4 s h o r t bonds in a plane and
were 2.41 or 2.71 A at the r e s i d u a l 2 weaker bonds on
l i n e s normal to the plane.
The d i s t a n c e between Cu and 6
octahedral oxygens in the h y d r o t a l c i t e - l i k e compound would
be s i m i l a r to those in malachite.
In a l l f i g u r e s , a dominant peak at R = 1. 6 A could be
i d e n t i f i e d w i t h the corresponding Cu-0 bonds(1. 98 or 2. 01
A) in the square-planered p o s i t i o n s . However, any other
peaks w i t h the coresponding Cu-0 bonds(2. 41 or 2.71 A) in
the p o s i t i o n s on l i n e s normal to the plane were not
observed. In f i g u e s - a and -b, the other peaks could be
observed at the distances more than 2. 0 A(which
corresponded t o >2. 9 A in the case of malachite).
In f i g u r e - c only one peak could be observed at R = 1. 6
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A, so there wolud be no constant s t r u c t u r e s at the range
longer than R = 1. 6 A. This is c o n s i s t e n t w i t h the r e s u l t s
of the XRD and ESR measurements.
References
DC. Busetto, G. Del Plero and G. Manara, J. Catal. 85. 260(1984).
2)1. E. Orgel and J. D. Dunitz, Nature, 179, 462(1957).
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Figs. (a):Fourier transforms of Cu K-edge EXASF of
sample-1, (b):sample-2 and (c):sample-3.
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INTRODUCTION

by an ordinary method. The purified recoverins
were generous gifts from Dr. L. Stryer. Both
recoverins were dialyzed against either buffer
containing lmM CaC12 or buffer containing
5mM EGTA. Solution X-ray scattering
experiments were performed with a SAXES
camera installed at BL10C.

Recoverin is a 23 kDa EF-hand, calcium
regulatory protein found in bovine retinal rod as a
calcium-dependent modulator of retinal guanylate
cyclase. A homologous protein, S-modulin, was
isolated from frog retinal rod as a Ca-dependent
modulator of phosphodiesterase. Recently, the
physiological function of these EF-hand proteins
is established as the Ca-dependent terminator of
the transduction cascade via regulation of
rhodopsin phosphorylation.
A further important and interesting feature
of recoverin is that its N-terminus is acylated
with one of four types of fatty acyl residues
including myristoyl (C14:0), C14:l, C14:2 and
C12:0. N-terminal acyl residues would be
expected to play a role in protein-membrane
intereactions, rather than in protein-protein
interactions.
In this study, we invesitgated the
conformational change in recoverin upon binding
of calcium, as well as the effect of myristoylation
on its solution structure by solution X-ray
scattering. The study reveals the Ca-dependent
conformational change, as well as the alteration
of its surface properties depending of calcium
and N-terminal myristoylation.

RESULTS AND DISCUSSION
SAXS measurements were performed
under four different conditions, with both
myristoylation and calcium, with myristoylation
and without calcium, without myristoylation and
with calcium, without both myristoylation and
calcium. Proteins are monomeric under two
conditions, without myristoylation and with
calcium, and with myristoylation and without
calcium, while proteins tend to aggregate under
the other conditions. The Ca-dependent
monomerization and aggregation were reversible.
Similar resuits are obtained for S-modulin. The
observed structural parameters are listed in Table
I. In retinal rod, recoverin is bound to membrane
under high calcium concentration, while it
becomes soluble under low calcium
concentration. The present results indicate that
physiologically solube state is monomeric. The
aggregation is mainly due to hydrophobic
interaction. We concluded that recoverin alters its
surface hydrophobicity depending on both
calcium and myristoylation, which would be
common properties for recoverin-like proteins.

EXPERIMENTAL
Both myristoylated and unmyristoylated
recoverins were expressed in E. coli and purified
TABLE I.
Protein

Structural properties of recoverin.
Shape

fitiax

(A)

(A)

^-helical content
(%)

Effect of melittin

Myristoylated
+ Ca 2 '
Aggregated
nda
ndB
65
None
-Ca 2 *
Globular, monomeric
21.2 + 0.3
63 = 3
52
Induced aggregation
Unmyristoylated
+ Ca2*
Globular, monomeric
20.3 + 0.3
57 + 3
65
None
-Ca 2 ^
None"
Aggregated
nda
nda
52
'The values could not be determined because of aggregation. "Melittin possibly stimulates aggregation in this state.
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INTRODUCTION
Removal of the covalently bound heme
group from cytochrome c produces apocytochrome c. The conformation of apocytochrome c
hasbeen assumed to be unfolded under aqueous
conditions of neutral or acidic pH, but an ahelical structure in the presence of lipids.
Although horse cytochrome c and several other
proteins are largely unfolded in the absence of
salt in the vicinity of pH 2, they adopt a molten
globule state in the presence of anions either
from salt or acid.
Horse cytochrome c is a basic protein with
pJ=10.1. Goto and coworkers indicate that the
addition of anions to the acid-unfolded state,
either from salt or acid, or an increase in pH
decrease the repulsive forces which arise from
the prtein net charge and, as a consequence,
increase the folding forces. Comparison of the
intermediate conformations of hole- and apoproteins may reveal the role of heme in stabilizing
the folded and molten globule states.
We h a v e s t u d i e d t h e c o n f o r m a t i o n of
apocytochrome c and a fluorescence-labeled
derivative under various conditions of pH and
salts. Consequently, we have found that apocytochrome c adopts an intermediate state (the A
state), resembling the molten globule of the
holoprotein, at acidic pH in the presence of
anions. The term, "molten globule", is proposed
for the compact denatured state which retains a
most part of the secondary structure but loses
its tertiary structure. We have shown that solution X-ray scattering is the best technique to
describe compactness and shape of non-native
conformation such as molten globule state (1). In
this report, we describe solution scattering from
several conformational states of apocytochrome
c.
EXPERIMENTAL
Small-angle X-ray scattering (SAXS) measurements were performed with SAXES installed at
BL10C. Horse cytochrome c was purchased from
Sigma. The heme group linked to the two c y s teine residues by thioether bonds was removed
by reaction with silver sulfate. Apocytochrome c
was passed through a column of Sephadex G-25
equilibrated with 5mM sodium acetate buffer at
pH 4 containing O.lmM EDTA. The extrapolated
scattering curve to zero protein .concentration
was obtained through the measurements at at
least 5 different protein concentrations between
5 and 25mg/mL

information on molten globule and collapsed states
of apocytochrome c. Figure A
shows Guinier
plots of apocytochrome c at pH 3 in the presence
and absence of 4M guanidine(Gdn)-HCL. and at pH
6 in 4M Gdn-HCLThere are no substantial
differences in 4M Gdn-HCl between at pH 3 and at pH
6 The Rg of Gdn-HCl-induced unfolded state is
30A The acid-unfolded state without denaturant
or salt has a smaller Rg of 22.5A, which is similar
to the acid-unfolded state of holacytochromec.
Therefore, the acid-unfolded state of cytochrome
c is compact compared to the denaturant-unfolded
state. The result suggests that there are variety
in structure even for the unfolded state, and
that unfolded state cannot be generalized as
"random coil".

0

.002

.004

.006 .008

.01

Figure A: Guinier plots of apocytochrome c in
10mM glycine HC1 buffer a t pH 3 ( O ) , in lOmM
glycine HC1 buffer at pH3 and 4M Gdn-HCl (<>),
and in lOmM phosphate buffer at pH 6 and 4M
Gdn-HCl ( p ) .

REFERENCE
1. Kataoka, M., Hagihara, Y., Miiiara, K., & Goto, Y.
(1993) J. MoL JBioL 229, 591-596.

RESULTS
We have carried out SAXS measurements
on the different conformational states of apocytochrome c. However, the specimens a t pH above
4 or in the presence of salt show distinct
aggregation. We could not obtain structural
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Introduction
The solution X-ray scattering (SOXS) technique
using an imaging plate (IP) has been recently
developed and applied to study the conformations
of calmodulin (CaM) in solution under different
sample conditions. The comparison with data
obtained from the PSPC system demonstrated the
excellent performance of the IP system (1).

10*

104

Experimental
In developing the SOXS technique with IP, it
hasbeen required to measure a pair of scattering
intensities from the solution and solvent in the
same experimental condition. For this aim, the
minimization of the following points has been
made: (a) the time decay of the ring current of
PF, (b) the effect induced by the utilization of
two of IPs and (c) the time decay of the data
accumulated on these IPs. The size of the IP
was 250x200mm2.

10* "
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Results and Discussion
Fig. 1 shows the scattering profiles of the
horizontal and vertical directions from
cholesterol. The distance between peaks indicated
by arrows is 407 pixels irrespective of direction.
The peak width of the vertical direction is 2
times that of the horizontal direction depending
on the convergent condition of the torroidal
mirror. Using the peak distance, the valxie of
pixel is transformed into the s value, which is
defined by s=(2 sin 0)/X. Fig. 2 shows the
comparison between the profiles of the IP and
PSPC for the Ca2+-saturatedCaM in solution.
The comparison demonstrates the excellent
performance of the IP system. Details on these
results will be published elsewhere.

-horizontal

Fig.l

s/A"1
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Introduction
It is well known that most proteins are
denatured by pressure up to 1000 bar while some
of them are renatured by moderate pressure up to
-2000 bar. Those characteristic phenomena are
among the effects of pressure on proteins.
However, there are limited studies of pressure
effects on the molecular structure of protein due
to experimental difficulties. Quilte recently high
pressure infrared spectroscopic studies and NMR
studies have been started, which investigate
secondary and local tertiary structures of
proteins, respectively. The purpose of the
present work is to perform solution X-ray
scattering (SOXS) under high pressures up to
4000 bar, which give information on the global
tertiary structure of proteins.

Methods and Results
It is of critical importance for the scattering
measurement at high pressure to correct for the
background scattering from the cell and solvent,
since increasing pressure increases the pathlength and the density of water. Therefore, we
employed a hydrostatic cell in a piston-cylinder
type for the high pressure measurements. The
present cell, which is designed to reach 7000 bar,
has two synthetic diamond (Type Ib) windows
(1.0 mm thick and 5.0 mm diameter). The
pressure generated is directly controlled by the
transmitting fluid of a hand hydraulic pump
(Hikari Co., max. Press. 10 kbar).
The
pressures were measured by a Heise pressure
gauge with an accuracy of 1 MPa. Thus, we can
measure the X-ray scattering of the sample and
reference under high pressures in the same
instrumental conditions to accurately correct
background scattering. The cell is designed to be
very compact, measuring 5 mm (long-parallel to
the light path) by 86 mm (height). It was used in
a BL-10C instrument which was installed at the
Photon Factory, without special instrument
modifications. It took 600 sec to obtain the
scattering profile of proteins at high pressures.
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No radiation damage to samples was detected
during each measurement.
We measured SOXS of egg-white lysozyme
at high pressure up to 4000 bar, where the
protein is not denatured. Figure 1 shows the
Guinier plots at 1 atm and 4000 bar, at 25 °C,
which are obtained from the scattering curves
after the background correction. Further, we
corrected the scattering intensity on the basis of
the pressure dependence of X-ray absorption of
water by measuring direct beam attenuated by 0.6
mm Al plate. The linearity of both plots in the
relatively wide region of scattering angle indicates
the high accuracy of this measurement using the
present high pressure cell. This means that this
cell allows qualitative measurement of SOXS
under high pressure. From the slopes, we
obtained the radius of gyration of lysozyme
(Rg)=15.35±0.12A for 1 bar, 14.71± 0.25Af for
4000 bar. An increase in pressure induces a
significant decrease in Rg.
More detailed
experiments, e.g., determination of volume of
proteins are now in progress.
1 bar
Rg 15.35 A (0.12 A)

4000 bar
Rg 14.71 A CO.25 A)
500
S*S

(*1E06)

FIG. 1. Guinier plots for lysozyme in 10 inM
MES buffer (pH 5.7) at 1 atm and 4000 bar.
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Introduction
It is apparent from Figure 2
that the quality of data in medium
angle scattering region was greatly
inproved compared to PSPC. It is also
good at collecting data under
identical condition between sample and
buffer condition, which is essential
to solution X-ray scattering
measurement.
We intend to apply this detector to
time resolved measurement.

We have been studying on the
positional change of subunit packing
upon enzymatic reaction. In previous
report, lactate dehydrogenase {LDH)
from pig heart (MW 146,000) and
glyceraldehyde-3-phosphate
dehydrogenase (GAPDHase) from chicken
muscle were found to show a gross
change in medium scattering region.
The change, however is very subtle so
that we developed the ring-cathode
detector [1] and checked its
performance.
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Figure 1. Schematic diagram of ringcathode detector
Experimental

1-4

In order to clarify the
performance, we collected wide angle
scattering of LDH solution by using
ring-cathode detector as well as PSPC
under the same condition. The camera
length was about 55 cm and collection
time were 1200 sec and 900 sec for
PSPC and Ring-cathode detector,
respectively. The high voltage was
applied up to 2.15 KeV. Total count
rate was 1.2*105 cps.

0

0.05s

Figure 2. Medium scattering from LDH
taken by PSPC and Ring detector
Reference
[1]R. Lewis et al., Phys. Res. A273,
773 (1988)

Results and Discussion

214

93G046
STUDIES ON MECHANICAL PROPERTIES OF CALCIFIED COLLAGEN
BY SMALL ANGLE X-RAY DIFFRACTION
Naoki SASAKI, Ichiro HAYAKAWA, Yoshinobu IZUMI° and Norio MATSUSHIMAb
Division of Biological Sciences, Graduate School of Science, Hokkaido University,
"Research Institute of Macromolecular Materials, Yamagata University and
b
School of Allied Health Profession, Sapporo Medical College
Introduction
area of the specimen. Taking account of
Bone has often been regarded as a two
the data scattering, the stress-strain r e phase composite of hydroxyapatite (HAP)
lations of the D-period for bone collagen
minerals embedded in collagen matrix.
and tendon collagen were revealed to be
From the HAP content dependence of meHookean, where the slope of the plot is
chanical properties of bone, it was exproportional to the apparent Young's
pected that collagen matrix around HAP
modulus. It is clear that the apparent
particles had modulus larger than that of
Young's modulus of bone collagen is far
collagen without HAPs1. This expectation
larger than that of collagen without minsuggests the reinforcement of collagen
eral. If we assume the Young's modulus
matrix by HAP particles. There are, howof collagen as 1 GPa, the apparent
ever, no immediate empirical evidences
Young's modulus for bone collagen under
for the reinforcement. The purpose of
the existence of mineral particles is
this work is to show the difference b e about 20 GPa. The value is similar to the
tween the moduli of collagen with (bone)
Young's modulus value of bone itself.
and without mineral (tendon ).
Results by X-ray diffraction method are
generally regarded as a weighted averExperimental
age
information over all of the scatterer
Bone samples were prepared from main
the
system. This result evidences the
tured (around 20 months) bovine femur.
existence of strain distribution in bone
Specimens were shaped in rectangular
and a simple numerical calculation r e plates whose longer axes were parallel to
veals that the mechanical structure of
bone axis of the femur. Collagen specibone
would be described by an equimens were obtained from bovine Achilles
strain model.
tendon. The Young's moduli of collagen
and bone collagen were estimated by
References
measuring the strain for the characteris1) N. Sasaki et al. J. Biomech. 26, 77
tic D-period of collagen as a response to
(1993).
the macroscopically applied force. Small
angle X-ray diffraction method was employed to determine the strain, where
100synchrotron orbital radiation was used
as a strong X-ray beam source. Mechanical loading apparatus was constructed
and set in the small angle X-ray diffractometer build at BL10C station in PF of
High Energy Physics Institute. Measurements were made in saline solution at
room temperature (22°C).
Results and Discussion
The 3rd order reflection of D-period was
investigated. Figure 1 shows the s t r e s s strain relation for tendon collagen and
bone collagen thus measured. The vertical (stress) axis was calculated from a p plied force divided by the cross sectional

2.0
1.0
strain ( % )
Fig. 1 Stress-strain curves for bone and
tendon.

0
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Mitsuhiro Hirai,** Sadato Yabuki,^ Toshiharu Takizawa, 1 Hiroshi Mitomo, 2 Toshihiro Hirai, 3
Katsumi Kobayashi, and Kouhei Hayashi.
•'•Department of Physics, Gunma Univ., Maebashi 371, Faculty of Engineering, Gunma Univ.,
Kiryu 376, 3 Faculty of Textile Science and Technology, Shinshu Univ., Ueda 386, 4 Photon
Factory, KEK, Tsukuba-shi 305.
T ntrndnct. ion
Gangliosides are glycosphingolipids
which contain a ceramide linked to
glucosylgalactosylsialic acid, found in the
highest concentration in the nervous system,
particularly in gray matter, but are widely
distributed in other tissues.
Gangliosides
are concerned in the self organization of
tissues, immune response and cell
differentiation through the molecular
recognition carried out by various
polysaccharide chains of ganglioside molecules.
Gangliosides can be thought to form micelles in
solution rather than vesicles or bilayers
because of the presence of large head groups,
and actually is found to form micellar
structures as shown elsewhere.'
Here we will
show the experimental result on the effect of
variation of pH on ganglioside micellar
structure obtained by use of synchrotron
radiation X-ray scattering methods.

(rt

Experimental

Fig.l Dependence of scattering p r o f i l e of
di-sialogangliosides on p H .

As described elsewhere, ' gangliosides
used were extracted with hot chloroformmethanol from acetone-ethanol-light petroleum
extracted residue of cephaline preparation.
The crude gangliosides were further purified
and fractionated according to the modification
of Svennerholm's method.
The lyophilized
ganglioside powder was dissolved in citrate
buffer adjusted to various pH and used for the
scattering experiments.
The ganglioside
sample used here was the di-sialogangliosides
(GDI).
The ganglioside concentration was
adjusted 0.5wt%.
X-ray scattering experiments
were carried out by using the small-angle X-ray
scattering spectrometer SAXES installed at
BL10C line of the Photon Factory of the
National Laboratory for High Energy Physics,
Tsukuba, Japan.
The wavelength used was 1.4 9
A and the sample-to-detector distance was 87
cm. The exposure time was 300 s for each
measurement. Temperature of samples was kept
at 25°C. The standard analyses were carried
out in the same way as shown elsewhere. '
Rp^il ts and Pi scu.ssi on
As shown in Figure 1, by lowering pH the
scattering profile of ganglioside changes from
that for a spherical micelle to that for a
elongated one. This situation is also clearly
seen in Figure 2 showing the distance
distribution function p(r) obtained by the
Fourier transformation of the scattering curves
in Figure 1.
At low pH, the maximum diameter
of the micelles is enlarged greatly.
It can
be assumed that the variation of pH affects the

F i g . 2 Variation of d i s t a n c e distribution
function as a function of p H .
extension of acid sugar head of g a n g l i o s i d e
very sensitively.
References
1) M. Hirai, et a l . Physica B (1995) in p r e s s .
2) K. H a y a s h i , et a l . Biochim. B i o p h y s . Acta 337
(1974) 1 0 7 .
3) M. Hirai, et al. Eur. J. Biochem. 2 15 (1993)
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Introduction
Gangliosides are found in the highest
concentration
in
the
nervous
system,
p a r t i c u l a r l y in gray matter, but are widely
d i s t r i b u t e d in other t i s s u e s .
Gangliosides
are assumed t o play a role in a v a r i e t y of
surface events such as specific recognition of
external
ligands
and
biotransduction
of
membrane
mediated
information.
In
gangliosides, the most complex sphingolipids,
an oligosaccharide chain containing at l e a s t
one a c i d i c sugar, c a l l e d s i a l i c a c i d s ,
is
attached
to
ceramide.
Owing t o
such
characteristics,
gangliosides
show marked
amphiphilic
property
resulting
in
high
s o l u b i l i t y in aqueous s o l u t i o n .
To c l a r i f y
the
various
physiological
functions
of
gangliosides
in
connection
with
those
s t r u c t u r a l p r o p e r t i e s , we have studied the
s t r u c t u r e of ganglioside in solution by using
neutron
and
synchrotron
radiation
X-ray
solution scattering methods.
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Fig.l
Dependence of scattering profile of
gangliosides (Gn>].a) on temperature.

Experimental
The p r e p a r a t i o n
of g a n g l i o s i d e s was
described elsewhere.
The ganglioside powder
was dissolved in Hepes buffer adjusted at pH6.8
and used for s c a t t e r i n g experiments.
The
solute
concentration
was
1.0
wt%.
The
ganglioside
sample
used
here
was
disialogangliosides
(Goia).
X-ray s c a t t e r i n g
experiments were c a r r i e d out by using the
small-angle X-ray scattering spectrometer SAXES
i n s t a l l e d at BL10C l i n e of the Photon Factory
of t h e National Laboratory for High Energy
Physics, Tsukuba, Japan.
The wavelength used
was 1.4 9 A and the sample-to-detector distance
was 87 cm.
The exposure time was 300 s for
each measurement and the i n t e g r a t e d exposure
timewas below 2000 s.
Temperature of samples
was c o n t r o l l e d in the range of 20-60 °C by
c i r c u l a t i n g water within the precision below
0.5 degree.
The Guinier and t h e d i s t a n c e
d i s t r i b u t i o n function analyses were carried out
in the same way as shown elsewhere. 2)
Results and Discussion
The temperature dependence of scattering
profile of ganglioside is shown in Figure 1.
The distance distribution
functions p(r)
obtained by the Fourier transformation of the
scattering curves are shown in Figure 2. The
scattering and p(r) profiles can be well
described by shell-modeling.3'
In the process
of temperature elevation, the ganglioside
micellar structure changes from a ellipsoidal
shape to a spherical one, which can be assumed
to result from the change of packing factor of
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Fig.2
Variation of distance distribution
function as a function of temperature.
ganglioside molecule.
Detailed analysis and
discussion will be appear elsewhere.
References
1) K. Hayashi, et al. Biochim. Biophys. Acta 337
(1974) 107.
2) M. Hirai, et al. Eur. J. Biochem. 215 <1993) 55.
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Introduction
Absolute reflectivity of x-rays diffracted from
the surfaces brings us valuable information
such as the coverage of adsorbed atoms which
is unavailable by the usual kinematical data
analysis because intensity scale is not changed
in the data analysis process of absolute
reflectivity. In this time we measured absolute
reflectivity from the Si(lll>/3xV3-Bi surfaces
and analyzed the data using a newly developed
dynamical theory.1-2)
Experimental
We made experiment in BL10-C using the
UHV chamber for surface X-ray diffraction. In
the chamber the Si(lll)\/3xV3-Bi surfaces
were prepared by vacuum deposition following
the surface cleaning by electron beam heating.
Because of the temperature gradient of the
surface at Bi deposition, two phases of the
Si(lliy3XV3-Bi surface appeared: a lowcoverage phase (a-phase) grown at higher
temperature place and a high-coverage phase
(p-phase) grown at a lower temperature place.
Structure models of these two phases are shown
in Fig.l. We measured reflectivities from these
two phases along 00 reciprocal lattice rod. In
Fig.2 measured reflectivity from ot-pnase is
shown in open circles and that from P-phase is
shown in full circles. Two phase are clearly
distinguished by the drastically different
reflectivities.
Result
It is noteworthy that the ordinate value in
Fig.2 is not arbitrary but absolute. By the new
dynamical theory the absolute reflectivity
R from the crystal surface is given as

R=

•Pitot

Biatom

• 1st Si atom

i4WSE

©2nd Si atom
a-PHASE

Fig.l
(x10"8)

10.0

• (1)

The meanings of symbols in eq.(l) are
explained in refs 2,3.
The fitting curves calculated using eq.(l) are
depicted in Fig.2. The fairly well agreement
between experiment and theory indicates that
absolute reflectivity method is useful for
structure study of surfaces.
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Introduction
Anomalous X-ray scattering is a new technique
in structure determination of macromolecules in
solution. The merit of this technique is the capability
to change the scattering densities of the target atoms
in the molecules without any chemical modifications.
However, so far the application only has been found
with a few proteins [1-3] because of the demerit that
the contribution of the anomalous scattering to the
total scattering is very small. We have performed an
anomalous small-angle scattering experiment of
ferritin which is known to be a protein giving a
extremely large anomalous effect as a whole.
Ferntin is a roughly spherical molecule consisting
of a protein shell surrounding an iron oxide core.
The central cavity of the molecule has a capacity for
up to 4500 iron atoms. The molecular weight has
been reported to be about 460,000 for iron-free
ferritin (apo-ferritin) and about 900,000 for full
ferritin.

diameter of 76 A of the hollow structure revealed by
X-ray crystallographic analysis of apo-ferritin [4].
References
1] H.B.Stuhrmann, Acta Cryst. A36, 996(1980).
2 H.B.Stuhrmann, Proc. Natl. Acacf. Sri. USA
78, 6216 (1981).
3] C. Richard et al., Biophys. J. 41, 287(1983).
4 P.M. Harrison, J. Mol. Biol. 6, 404(1963).

Experimental
Horse spleen ferritin was obtained from Sigma
Chemical Co. and used in 50mM phosphate buffer
(pH7.0) containing 0.15M NaCl after gel filtration to
remove dimer components.
The protein
concentration were 0.23% for scattering
measurements and 2% for absorption measurements.
The experiments were carried out at bending
magnet beam line BL-10C consisting of a fixed exit
double Si(lll) crystal monochromatpr followed by a
bent cylindrical mirror. The calibration of the X-ray
wavelengths selected by the monochromator w,as
done by use of the iron K absorption edge (1.743 A)
of iron foil.

s
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Fig.l The dependence of the radius of gyration
of ferritin on the wavelength.
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Results and Discussion
Absorption measurements using the SAXS
camera were done for ferritin solution and iron foil.
The K absorption edge of ferric iron in ferritin was
found to appears at 1.740A, suggesting that the
anomalous scattering from iron atom depends
strongly on its chemical environment. Fig.l shows
the variation of the radius of gyration, Rg, of ferritin
molecule with X-ray wavelength. The magnitude of
change in Rg owing to anomalous scattering is
proportional to the magnitude of the real part with
negative sign, f' of anomalous scattering factor [1].
As can be seen from Fig.l, ferritin molecule exhibits
the increase in Rg near the absorption edge because
the anomalous scatterers are distributed in the center
of the molecule.
Fig.2 shows Guinier plots of the differences in
intensity between two scattering curves at different
wavelengths, compared with the plot of the scattering
curve at the edge. The difference intensity curves,
which are approximately expressed by the product of
the scattering amplitude functions of ferritin with
off-resonance aryl of the iron core, gave an apparent
Rg of about 35A. From this value, the Rg of the
iron core was estimated to be about 28A, yielding a
constant density sphere with a diameter of about
72A. This size is in good agreement with an inner
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Fig.2 Guinier plots of the differences in intensity
between two scattering cyrves taken aj a)1.740A and
1.734 A and at b) 1.740 A and 1.744 A, and c) of the
scattering curve at 1.740A.
219

93-G223
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Introduction
Calorimeiry gives macroscopic
thermodynamic information of the
system, on the other hand, X-ray
scattering gives micro-structure or fine
structure of the system. Several attempts
are reported for combined measurements
of calorimetry and X-ray scattering
method, however, they have problems for
the sensitivity of calorimetry.
Although
we have reported the simultaneous
differential thermal analysis/small angle
X-ray scattering (DTA/SAXS) apparatus
and it's applications 11-3], the sensitivity
of DTA is not sufficient to discuss
thermodynamic quantities of the system.
In this study, the newly developed
simultaneous differential
scanning
calorimeter/small angle X-ray scattering
(DSC/SAXS) apparatus which had the
comparable DSC sensitivity and accuracy
with the conventional DSC was reported.
Simultaneous DSC/SAXS instrument
Detailed structure of the simultaneous
DSC/SAXS apparatus was reported |4]. The
cell structure of DSC/SAXS instrument was
essentially similar to that of conventional
DSC, Seiko DSC 200. The DSC sensitivity of
DSC/SAXS was almost the same with
conventional DSC 200. The sample cell
structure of DSC/SAXS is shown in Fig.l.
Both sample and reference holders with
a 2mm 4> hole for X-ray beam were made
of platinum. Heat flow at sample holder
was detected by four pairs of
thermocouples.
Experimental
Hexatriacontane (C36H74) with 99.8%

purity supplied from Tokyo Kasei Co. Ltd.
was used through the experiment.
Simultaneous DSC/SAXS instrument was
installed on SAXS optics with 2.0 m camera
length at BL-10C. DSC/SAXS measurement
was carried out in the temperature range
from 337 K to 351 K at 0.5 K/min.
Results
DSC curves and (001) plain distance,
D(0()l), were observed as a function of
temperature on real time. C36H74 showed
two solid state transition below it's
melting temperature (Tin). D(001)
changed clearly at transition
temperatures and varnished completely at
Tm.
References
1. H.Yoshida, M.Takahashi, T.Hatakeyama
H.Haiakcyama, PF Activity Reports, #10, 272
(1992), 2. H.Yoshida, M.Takahashi,
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Fig.l Cell structure of DSC/SAXS apparatus
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obtained by the Fourier transformation of
the scattering function according to the
following equation.

Introduction
Multi-helical polysaccharides, such as
gellan and xanthan, formed therm oreversible hydrogel. Sol-gel transition
temperature and dynamic shear modulus
(C) of these hydrogels are influenced by
annealing at the sol-slate [1,2]. The
hydrogels with insufficient annealing
show the frequency dependence of G'
(quasi-gel). With increasing annealing
time, hydrogels show high G' value which
is almost constant at frequency from 10-3
to 1 Hz (stabilized gel). In this study,
structural information of quasi-gcl and
stabilized gel was observed by small angle
X-ray scattering (SAXS).

oo

G(r) = (21 n)

J I(q) (qr) sin(qr)dr
0
The obtained G(r) for 2wt% quasi-gel(B)
and the stabilized gel (•) at 290 K were
shown in Fig. 1. The first correlation peak
of the stabilized gel was at r=20 nm,
whereas thai for quasi-gel was at r=15nm.
The long range ordered structure may be
proceeded in the stabilized gel.
References
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Experimental
Sample used in this study was xanihan
sodium salt supplied from Mitsubishi
Chemical Co. Ltd. 2wi% of xanihan
aqueous solution was obtained by
previously reported method [1]. The
obtained sample solution was annealed at
363 K for various periods in the
instrument.
SAXS was measured by SAXS optics with
2.0 m camera length at BL-10C in PF, KEK,
Tsukuba equipped with the simultaneous
differential thermal analysis/SAXS
apparatus (DTA/SAXS) [3]. X-ray wavelength was 0.Annealing of sample was
carried out in DTA/SAXS apparatus.
Results
Observed scattering intensity functions
were corrected for back ground (water in
the cell) and transmission, the reduced
distance distribution function was
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Fig.l Reduced distance distribution
function G(r) for quasi-gel and stabilized
gel of 2wl% xanihan hydrogels.
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Solution X-ray scattering analysis of denatured states
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Introduction
In order to investigate little known global properties such as compactness and
chain shape of the cold-denatured state of
protein in comparison with the native and
heat-denatured state, solution x-ray scattering analysis is employed on Streptomyces subtilisin inhibitor (SSI), which at low
pH is known to exist in at least three distinct
thermodynamic states, namely the native
(N), cold-denatured (D1), and heat-denatured (D) states1).

Results
Using small-angle X-ray scattering technique, we determined the radius of gyration (Rg) and shape of the molecule of N, D',
D and also urea-denatured state (D urea ). Rg
values for the N (pH 3.0, 20 °C), D1 (pH 1.8, 3
°C),D (pH 1.8, 35 °C) and D ure a (5 M urea, pH
1.8, 3 °C) were 22.9±0.7,20.7±1.3,25.8±1.5 and
35.9±4.2 A, respectively. Estimates of molecular weight deduced from 1(0), the extrapolated intensity at 0 scattering angle,

indicated that the N state is in the dimeric
form while the three denatured states are
monomeric. These results have shown that
the D1, D and D ure a states are largely expanded than the native state. Kratky plot of
scattering profiles has shown that the N
and D' states have globular-type conformations while the D state is in a chain-type
conformation (Fig.l). Kratky plot of D u r e a
indicated that D ure a has more randomized
chain-type conformation than that of D. Xray scattering analysis of N, D' and D states
in a high-angle region was also examined
and demonstrated existence of rigid inner
structures in the N, D' and D states. However, the profile of the three states is different from one another, indicating that
the inner structures of the N, D' and D states
are all different from one another.

Conclusions
The most striking conclusion is that the
D state, although rather expanded, contains significant amount of rigid inner
structures and its chain shape is globular.
This is quite unique for the denatured protein. On the other hand, the D state lacks
globularity, although there remains some
intrachain interactions in the expanded
chain and contains a small amount of secondary structures. As compared to the D'
and D state, D u r e a is more highly denatured
and close to the random conformation.
1

0.10 F

Refereces
1) Tamura et al. Biochemistry 30, 11313
(1991)

0.00
D.O
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Q (A"1)
Fig. 1 Kratky plot of N, D1 and D state?
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these results are shown in the form of Kratky
plot. The scattering profile of the as-cast blend
without irradiation does not exhibit
characteristic features. However, upon
irradiation, the scattering in the large q region
(4 * lO"4 A'1 - 6.5 x 10"4 Aj increases and
exhibits a broad peak which slightly moves
toward the low q range upon increasing
irradiation time.
These experimental results indicate that at
90°C, the blend becomes unstable after
irradiation over lOmin, and continuation of
irradiation will push the system deeply into the
two-phase region. These structures will grow
with increasing irradiation time until the PSC
chains gain enough crosslink density to freeze
the phase separation. Under this experimental
conditions, these bi-continuous structures arc
frozen by the time their sizes reach the
micrometer scale.
References
1) Q. Tran-Cong, R. Kawakubo and S. Sakurai
Polymer 35, 1236(1994)
2) T. Tamai, A. Imagawa and Q. Tran-Cong
Macromolecules 27, 7486 (1994)

1) Samples: Polymer blends used in this work
arc the mixtures of poly(styrcnc-.vaf- chloro
methyl styrcne) (PSC, Mw = 2.6 x 105 ) and
poly(vinyl methyl ether) (PVME, Mw = 2.6 x
105) [ PSC/PVMEJ. To induce the crosslinking
reactions among PCS chains, anthracene was
labeled to the polymer chains according to the
procedure reported previously'\ Photocrosslinking reactions of the blends were carried
out at 90°C by using the 365nm line of a 500W
mercury-xenon lamp (Hamamatsu Photonics).
This temperature is located in the one-phase
region and ca. 40"C below the binodal line of
the blend. Only the blends with an off-critical
composition (50/50) arc used in this work.
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2) Experimental Results:
Anthracene-labeled PSC/PVME (50/50)
blends were irradiated at 90°C over different
time intervals ranging from 5min to 8hrs. Under
this condition, ca. 70 % of the anthracenes on
PSC chains was reacted. Up to the first 3hrs of
irradiation, no structures can be clearly
observed by phase-contrast optical microscopy.
However, as irradiation time exceed 3hrs,
concentric bi-continuous structures clearly
appear and grow slowly with irradiation time.
As an example, the optical micrograph of a
PSC/PVME (50/50) blend which was irradiated
over 3 hrs at 90°C, is shown in Figure 1.
Eventually, the time evolution of these
structures arc slopped upon irradiation over
long time. To minitor the phase separation in
the early stage of the process, we measure, at
room temperature, the SAXS profiles of the
PSC/PVME (50/50) blends after irradiation over
10, 15 and 20mins. The temperature of the
irradiation experiment is 90°C. In Figure 2,

tnes

I. Introduction
We have performed in situ photo-crosslinking of polymer chains in the misciblc region
of binary polymer blends. By optical
microscopy and small-angle X-ray scattering,
the phase behavior and structures of these IPNs
are elucidated and discussed.
II. Experimental Section
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Fig.l Concentric bi-continuous structures obtained after
3hrs of irradiation, 10px=2.5 Urn

Fig. 2 SAXS profile of a I'SC-A/PVMIi (50/50)
blends observed before and after irradiation
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FROM MOLTEN STATE VIA CRYSTALLIZATION
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Introduction
t 0 min i 36
< 118
75
Crystallization of polymer networks is very different
a 246
159
from mat of linear polymers because diffusion of molten
« 333
I• 288
1.0
. 417
• 381
polymer chains participating in crystallization is greatly
• 541
i 477
« 691
restricted due to the presence of cross-links. Recently we
. 624
a 1041
i» 755
reported a slow crystallization kinetics of end-linked
poly(tetrahydrofuran) (PTHF) having a narrow inter15°C
o
cross-link molecular weight distribution.1 It took about
X
one week to complete crystallization at 20 °C.
Spherulitic crystal super-structures were also observed in
cTO.5
O"1
this network polymer by light scattering and optical
microscopy. This slow crystallization enabled us to
study the crystallization kinetics with differential
scanning calorimetry (DSC). This finding was verified
by an independent method, i.e., infrared absorption
spectroscopy. We discuss here the molecular weight
0.0
dependence of crystallization kinetics of polymer
0.00
0.02
0.04
0.06
0.08
1
networks based on the results obtained by DSC, optical
microscopy, and small-angle X-ray scattering
experiments.2
Fig. 1 Lorentz-factor-corrected SAXS intensity
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profiles of U052 during isothermal crystallization.

Experimental Section
A series of PTHF networks were prepared by a two-step
reaction; prepolymer polymerization and chain coupling
with a four-functional cross-linker. The range of Mn's is
from 2.54 x 10 3 to 10.2 x 103, where Mn is the number
average molecular weight of PTHF between successive
cross-links. The polydispersity index, Mw/Mn, was equal
to or less than 1.22, where M w is the weight average
molecular weight. Real-time crystallization kinetics of
the PTHF networks and prepolymers were studied by
small-angle X-ray scattering (SAXS). The SAXS
experiments were conducted with a high brilliant X-ray
beam from synchrotron orbital radiation, National
Laboratory for High Energy Physics, Tsukuba, Japan.
Sample films of 500 |jm thick were heat treated at 60 °C
and then quickly transferred to a temperature controlled
chamber kept at 15 °C, followed by a time-sliced SAXS
experiment. The wavelength of the X-ray was 1.488 A.
The sampling time was either 5 min or 1 min each,
depending on the rate of crystallization.

The crystallization half times, t 1/2 , for the networks,
obtained by DSC and SAXS, are plotted as a function of
M n . in Figure 2. The agreement in t 1/2 obtained by the
two methods suggests that the crystallization kinetics of
PTHF networks was properly evaluated by these
method in spite of the difference of the experimental
setups, i.e., post-crystallized (DSC) and real-time
crystallization experiments (SAXS).
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Results and Discussion
Figure 1 shows the Lorentz-factor-corrected scattered
intensity function q 2 l(q) vs. q plots of the networks, U052
(Mn = 5.2K). The quantity q is the magnitude of the
scattering vector. Although no peak evolution with time
was detected for U025, an evident peak growth due to
crystal formation and its ordering was observed for
U052, U065, U079, and U102. These scattering peaks
indicate presence of an ordered structure, namely stacked
lamellae having a long spacing of about 200 A,
irrespective of inter-cross-link molecular weight, M n . No
systematic variation in the spacing was found in the
network samples.

Fig. 2 Mn dependence of crystallization half time.
As shwon in Figure 2, a strong M n dependence of
crystallization kinetics is observed. The decrease in the
crystallization rate with decreasing the inter-cross-link
molecular weight is accounted for by decreasing of the
supercooling and an increase in the activation energy
for transferring liquid-solid interface.
References:
1) M. Shibayama et al., Polymer, 35, 2944 (1994).
2) H. Takahashi et al, Macromolecules, submitted.
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INTRODUCTION
The molten globule state is a
compact
denatured
state
with
a
significantly
native-like
secondary
structure but a largely flexible and
disordered tertiary structure, and has
been proposed to be a common folding
intermediate
of
globular
proteins.
Further, the molten globule state is
considered to play important roles in
protein targetting and sorting in a cell. To
reveal the structural properties of
molten
globule is important cytophysiologically
as well as protein physicochemically.
Although the molten globule is
defined as "compact" and "globular", the
degree of compactness and globularity has
not been discussed quantitatively with a
few exceptions, because few techniques
have been available for the quantitative
measurements on these properties. We
have shown that, solution X-ray scattering
is useful and effective to characterize
solution structure of the non-native
conformational states of proteins. Since
the size and shape is critical properties to
define molten globule, we intensively
investigated molten globules of various
proteins by solution X-ray scattering.

Solution
X-ray
scattering
measurements were performed with a
SAXES diffractometer installed at BL10C.
The obtained
scattering
data
were
analyzed with Guinier and Kratky plot,
and P(r) function.
RESULTS AND DISCUSSION
The obtained Rg values were listed
in Table 1. The molten globule is expanded
from the native state. The increase in Rg
is up to 30% of the Rg of the native state.
The degree of the increase in Rg for alactalbumin is smaller than the other
three proteins. a-lactalbumin
possesses
intramolecular disulfide bonds, while the
other three do not. Therefoer, we consider
that the tendency of the
molecular
expansion at the molten globule would be
restricted by intramolecular
disulfide
bonds.
Kratky plots indicate that these
molten globules or compact
denatured
states are globular in shape, while P(r)
functions can be classified into two types.
The molten globule of cytochrome c and alactalbumin give a unimodal P(r), and the
molten globule of apomyoglobin and the
SNase fragment give a bimodal P(r).
Further studies suggest that the former is
rather close to the native state, while the
latter is close to the unfolded state. A
bimodal
P(r) would be a common
structural property for the intermediate
appearing in early stage of folding.

EXPERIMENTAL
The molten globule state or the
compact denatured state of cc-lactalbumin,
cytochrome c, apomyoglobin and the
staphylococcal nuclease fragment were
selected for the present purpose.

Table 1. Comparison of Radius of Gyration between Native State and Molten Globule State

Protein

I*g (Native) (A)

Cytochrome c

13.5

Holomyoglobin
Apomyoglobin

17.5
20.1

SNase
a-Lactalbumin

16.2
15.7

Rg (MG) (A)
17.4 (NaCI)
17.0 (Acetylation)
22.2 (NaTCA)
21.2 (Fragment)
17.5 (Apo)
17.9 (Acid MG)
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ARg/Rg(Native) (%)
28.8
25.9
14.9 (Holo-»Apo)
10.4
26.9 (Holo->MG)
30.9
11.5
14.0
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Introduction
Opaque egg white gel is known to become transparent
(glasslike egg white) in a dry atmosphere by the loss of the
inner water; the change is called "gel-to-glasslike
transition".1* As mentioned in the last activity report, we
performed the time-resolved SAXS measurements during
the dehydration process of the heat- and the pressuretreated egg white gels simultaneously with the weight
measurements, which revealed the analogous evolutions of
the volume and the gyration radius.23'
In addition to the kinetic feature in the gel-to-glasslike
transition mentioned above, we have been also
investigating the properties of the glasslike specimen and,
in the previous study, found the heat-induced partial
crystallization. 4 ' However, the formation mechanism
could not be made clear because of the weak X-ray source
intensity in our labo. Therefore in the present study, with
utilizing the synchrotron radiation source, the timeresolved SAXS measurements were performed during the
crystallization process of the dehydrated egg white in order
to make clear the features of the crystal growth.

Figure 1 shows the time variation of the Rg, R, and H. R
was almost constant, while H increased remarkably during
the crystallization process. The behavior suggested the one
dimensional growth of the crystal particles.
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Fig. 1. Time dependences of R, H and Rg of the
heat-treated egg white "glass" during the
crystallization process at 60 °C.

Experimental
The egg-white glass was prepared by dehydrating the
heat-treated egg white gel at 25°C and 65% in humidity.
During the measurement, the temperature of the
dehydrated specimen was kept at 60 °C. The time-resolved
SAXS measurement was carried at BL-10C in the Photon
Factory. The wavelength of the incident X-ray beam was
1.488 A.
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Results and Discussion
During the SAXS measurements, the transparent
glasslike egg-white became turbid with the progress of the
crystallization, and correspondingly, the intensity of the
profiles increased with time.
An almost linear dependence was observed in a qregion in the plot of the In [I(q)q] vs. q2, below which the
Guinier's law held, indicating that the crystalline particles
were cylindrical.5' The radius, R, of the cylindrical particle
was calculated from the slope of the plots. The height of
the cylindrical particle, //, could be calculated with R and
the gyration radius Rg which was calculated from the
initial slopes of the Guinier plots, by the following
equation,5'
Rg2=(R2/2+H2/

R,
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Introduction
The micelle formation of three isomeric
taurin conjugated bile salts, sodium
taurodeoxycholate (NaTDC), sodium
taurochenodeoxycholate (NaTCDC), and
sodium tauroursodeoxycholate (NaTUDC)
in aqueous solution was previously
investigated at various concentrations of
the bile salts (Cg = 5-100 mM ) and added
sodium chloride ( Cg = 0 -1.0 M) by smallangle X-ray scattering. The results
showed that NaTDC and NaTCDC micelles
grow from disc-like to rod-like micelles
with increasing C B and C s , whereas
NaTUDC forms only disc-like micelles with
the present C B and Cs range. The purpose
of this experiment is to examine whether
or not the micellar growth from disc-like
to rod-like micelles with increasing D2O
composition. The effect of D2O on the
micellar formation may be a measure of
,the hydrophobic effect on the micellar
growth.

solution NaTDC and NaTCDC micelles grow
from disc-like to rod-like micelles with
increasing C B and Cs, whereas NaTUDC
forms only disc-like micelles present
within the present C B and Cs range It is
interesting the D2O effect on micelle
formation of NaTUDC is in contrast with
the effect of C B and C s .

Experiment
The 100 mM bile salt solutions having
different D2O (0, 25, 50, 75, 100%) and
different concentrations of added sodium
chloride ( C$ = 0.5 and 1.0 M) were
measured by small-angle X-ray scattering
at BL10C of KEK-PF. The analysis of the
data was done by the Guinier method.
Results and Discussion
The radius of gyration Rg and the radios
of the intersection Re obtained are shown
in Fig. 1. In 100% H2O solution all bile
salts form disk-like micelles as has
previously been described. *) With
increasing D2O composition disk-like
micelles of NaTDC and NaTCDC did not
grow, however, NaTUDC disk-like micelles
increase in Rg and Re. In 100 % H2O

Fig. 1 The D2O effect on the Rg (open
plots)and Re (closed plots)of NaTDCD,
NaTCDCO and NaTUDC A micelles at C B
=100 mM, C S = 0.5 M, and 25°C .
References
1) T. Yamaguchi et al., PF Activity Report,
10, 273 (1992).
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Introduction

segregation of Mn, it should be clearly seen by
the scattering contrast variation when one
measures around the Mn absorption edge.
Figure 2 shows the scattering intensities of an
Fe-CuMnNi alloy aged at 773K for 600s,
obtained for the photon energies around the
Mn K absorption edge. The scattering profiles
have two distinct part, i.e., the monotonically
decreasing part at low-k region and the hump
in higher (k~0.4nnr l ) scattering vector region.
The lower q-region is not strongly affected by
the photon energy. On the other hand, the
profiles at higher scattering vector are strongly
affected by the photon energy, suggesting that
this part comes from the precipitates. The
Guinier radius obtained at Mn edge is larger
than that at Fe edge, suggesting the interfacial
segregation of Mn at the precipitates.

Small-Angle X-ray scattering experiment
utilizing the anomalous dispersion effect is one
of the powerful methods to examine
inhomogeneous structures such as precipitation
structure consisting
of elements with
neighboring atomic numbers, or more
complicated structures such as multiphase shell
structures. The ASAXS results of the Fe-Cu
based alloys has been presented in this report.

Experimental
Fe-Cu binary alloys and Fe-Cu-Ni-Mn alloys
have been investigated in the present
experiments. The samples were aged at 773K
for 600s to form uniform precipitates with the
size of 2-4nm. The samples of about 5mm
thickness were mechanically thinned down to
30-50 microns for transmission SAS
measurements. The ASAXS experiment has
been carried out at BL-10C of Photon Factory.
The incident X-rays of the energy near Fe Kedge and Mn K-edge were used to obtain
enhanced contrast in SAS profiles. The ASAXS
profiles have been compared with the smallangle neutron scattering (SANS) data.

References
LH. Okuda et al. PFactivity report, vol. 11
2.K. Sasaki, KEK report (1984)
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The photon energies used in the present
experiments are shown in Fig. 1. The contrast in
the scattering factor is enhanced by 3.3 times
compared with the measurement at the photon
energy near Cu K a . For FeCuNiMn alloys,
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Fig. lf'o+f near K abs. of Fe and Mn.
FeCuNiMn

energies near the Mn K absorption edge were
also used. From the SANS experiments, it was
found that Mn tends to segregate at the
precipitate/matrix interface, which
causes
disagreement between the Guinier radius for
nuclear scattering intensity and that for magnetic
scattering intensity. If the discrepancy between
the two radii comes from the surface
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Fig.2 The scattering intensity profiles for FeCuMnNi near the Fe and Mn K-abs. edge.

228

proposal No. 94-G129
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Introduction
Deca-. eicosa-. triaconta-. and tetracontaoxyethylene
dodecyl ethers. Ci:H:?O(CH:CH2O)nH abbreviated as
Ci:En(/7=H). 20. 30. and 40). are nonionic surfactants
which are widely used as emulsifying, washing,
and solubilizing agents. Previous surface tension
experiments" on aqueous solutions of Ci6En(/v=10.
20. 30. and 40) showed that the critical micelle
concentrations of these surfactants decreased as n
increased. This phenomenon is exceptional in the
Hydrophile Lipophile Balance concept; thus, it is
important to clarify the origin of this unusual
phenomenon for colloidal chemistry.
The spiral configurational contribution due to the
TGT(Trans-Gauche-Trans) conformation of poly(oxyethylene) chain may change the properly of
oxyethylene groups as the poly(oxyelhylene) chain
length becomes extremely long. In the present study, we
have performed SAXS measurements to determine the
micelle structures of Ci2En(fl=10, 20. 30 and 40) to
examine the effect of poly(oxyethylene) chain length on
micelle formation.
Experiment
Ci2En(«=10. 20. 30 and 40) were supplied by Nihon
Surfactant Industry Co. Ltd. in Japan. Their purities
were checked by surface tension, high performance
liquid and super critical fluid chromatographies; these
samples have a narrow distribution of poly(oxyethylene)
chain lengths. SAXS measurements were performed at
25"Cat BL-10C of KEK-PF. The concentrations of the
surfactants prepared were 1. 4. 7, 10, 13, 16 and 19% in
third distilled water.
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Fig. 1. Concentration dependence of C12E211 in
aqueous solution at 25°C

Fig. 2. Guinicr plots of Ci2EnC» = 10,20,30 and 10)
in aqueous 4% solution at 2S°C

value slightiy incresed as the poly(oxyethylene) chain
length increased. The results were interpreted in
such a way that the long poly(oxyethylene) chains
form spirals and hence the micellar size does not
become large.

Results and Discussion
1
I{s) vs. .s plots of Ci:E:o are shown in Fig. 1. The
radius of gyration for Rs of micelles was determined
from the Guinier Plot only for the 4% solution since
the correlation peak between the micelles appeared
in the other solutions. The Guinier plots are shown
in Fig. 2. The Rs values are 36.8A(Ci2Eio). 38.lA
(C12E20). 38.7A (Cr.Eso). 38.9A(Ci2E4o). The Rs

References
1) K. Ogino el a!.. J. Am. Oil. Chew. Soc. 65. 405
(1988).
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In a series of papers1 we have been
investigating the crystallization behavior of
blends between fully-deuterated high-density
polyethylene (DHDPE) and hydrogeneous
polyethylene with various degree of side chain
branching. For the blend of DHDPE with
linear low-density PE with ca. 17 ethyl
branching per 1000 carbon atoms [LLDPE(2)],
the almost perfect cocrystallization occurs even
when the sample is cooled slowly from the
melt. On the other hand, the blend with highdensity PE (HDPE) with no branching or
LLDPE(3) with higher degree of branching
(41branching) shows the phase segregation
between the lamellae of the D and H species.
In this way the phenomenon of cocrystallization
and phase segregation depends sensitively on
the degree of branching of the H species.
In order to clarify the origin of this curious
phenomenon we investigated the various
factors including the thermodynamic stability of
the blend and so on. One of the most
important factors may be a kinetic factor for the
crystallization process. Then we have
performed the temperature jump experiments,
during which the small-angle X-ray scattering
(SAXS) was measured as a function of time.
The temperature jump cell constructed by
ourselves could supply a quite high rate of
temperature jump, ca. 600°C/min from 160°C
to 110°C for example, followed by very small
temperature fluctuation. The SAXS
measurement was performed by using an
"enzyme diffractometer" installed on the beam
line BL10C. The results may be summarized
in the following way.
(1) The invariant Q was evaluated as a function
of time. With an increase in the degree of
supercooling AT, the crystallization rate was
found to increase drastically, where the AT is
defined as the difference between the quasi-

statically determined crystallization temperature
T°c and the actual crystallization temperature Tc
used in the experiment (AT = T°c - Tc).
(2) The results obtained in the item (1) were
compared with the infrared spectral data
collected during the isothermal crystallization
with almost the same AT. The rate of
increment of the infrared band intensity is far
higher than that of the SAXS invariant,
allowing us to deduce the following
crystallization mechanism for the PE samples: at
first the trans-zigzag chains are generated in the
melt of randomly coiled chains. After a lapse
of some time, these trans chains gather together
to form a larger crystalline cluster as detected by
SAXS measurement. This may be the first
experimental proof for the crystallization
mechanism of PE viewed from the molecular
level.
(3) The crystallization rates measured for the
pure components of PE were compared with
each other: the crystallization rate is in the order
of HDPE » DHDPE « LLDPE(2) »
LLDPE(3). This indicates that the pair of the
components with the similar crystallization rate
is considered to show the cocrystallization
behavior.
(4) The crystallization rate of the blends was
compared with those of the pure component.
In cases of the blend systems with phase
segregation, the blend crystallizes more slowly
than the pure samples. In the case of
DHDPE/LLDPE(2), on the other hand, the
crystallization rate is rather enhanced for the
blend compared with those of the pure samples,
i.e., the acceleration effect was found out.
References K. Tashiro et al.,
Macromolecules, 25, 1801, 1809 (1992); 27,
1221, 1228, 1234, 1240 (1994).
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Introduction

the relative content of oxygen seems to depend on the
intracellular areas, while that of nitrogen does not. More
remarkable variation in the contents of trace elements
was observed; calcium and iron seem more abundant in
cytoplasmic areas. For further examination of the spatial
correlation of these two elements, 23 areas of 0.5 |om
square, which is around the resolution limit in the present
setup, were selected in the cytoplasm. Figure 1 plots the
content of calcium against that of iron. While the areas
rich in either one of the two elements were noticed, there
seems to exist the areas showing significant correlation
between iron and calcium content. This result suggests
intracellular structures containing both elements.
Mitochondria may be a possible candidate. The mapping
of these three distinct regions is in progress.

Imaging of elemental distribution with high spatial
resolution is one of the major application of soft X-ray
microscopy, At tissue level, calcium distribution has
been studied using L absorption edge of calcium1'2). For
the investigation at subcellular (<1 jam) level, an
electronic zooming tube would be one of the most
powerful tool because of its high spatial resolution 3<4\
Our previous study revealed that using this detector
absorption spectra at local areas in a mammalian cell
were obtainable in the soft X-ray region (1.5-10 nm)5).
In the present study, further analysis was conducted to
derive the difference of elemental contents with
subcellular resolution.
Materials and Methods

Table 1. Elemental contents in cellular local areas.
Element

Contact image of a dry human HeLa cell were obtained
by illuminating monochromatic X-rays at BL-11A
ranging from 1.5 to 8.0 nm.
Electromagnetically
enlarged picture by the zooming tube was introduced to
the image processor, and stored as an image of 256 pixels
and 241 pixels. The wavelengths were chosen as either
side of the absorption edges: for iron 1.7 and 1.8 nm, for
oxygen 2.25 and 2.35 nm, for nitrogen 3.0 and 3.15 nm,
for calcium 3.45 and 3.6 nm, and for carbon 4.25 and
4.45 nm. At any local areas in the cell, the elemental
contents which were expressed as mass thickness p-x
(product of density and thickness of specimen) were
calculated as follows:

C
N
O
Ca
Fe

Mass thickness (xlO"5 g/cm2)
Nucleus
Cytoplasm
Cytoplasm
(periphery)
(periphery)
2.76
1.70
(1)
0.58
(1)
(1)
(0.51)
1.40
0.711
(0.42)
0.W6
(0.51)
0.955
(0.56)
(0.45)
2.44
0.26
(0.88)
0.0406 (0.015) 0.108
(0.064) 0.0495
(0.085)
0.0374 (0.014) 0.130
(0.076) 0.119
(0.21)

x10
4.0

£ 3.0
where T s and TLare the transmission (the ratio of the
photon intensity of the area concerned and that of the
background) at the shorter (T s ) and longer (T ) side of
the absorption edge.
JJ.S and ^ denote the mass
absorption coefficients at either side of the absorption
edge. In the case of nitrogen and oxygen, transmissions
were corrected by carbon absorption. Iron and calcium
contents were calculated taking the correction for carbon,
nitrogen and oxygen absorption into account.
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Fig.l Correlation of iron and calcium content for
cytoplasmic areas.

Results and Discussion
The elemental contents were calculated for the eight
intracellular areas chosen from cytoplasm, peripheral
parts of cytoplasm and peripheral parts of nucleus. The
central parts of nucleus were omitted, since the area had
very low transmitted-photon intensity.
Table 1
summarizes the average numbers of elemental contents
for each intracellular part.
Carbon was the most
abundant, followed by nitrogen and oxygen.
Trace
elements, iron and calcium, were also detected. The
relative values of mass thickness of these elements, which
were normalized at carbon mass thickness, suggest that

•

if 2.0
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Introduction
P r B 2 C i i 3 O 7 is unique in being a
semiconductor-not a superconductor - having an.
isostructure with YBa 2 Cu 3 0 7 (Y123), while all the
other RBa2Cu3O7 (R rare-earth element) is a
superconductor with almost the same critical
temperature 90 K. The suppression of the
superconductivity by Pr in (PrxYi_x)Ba2Cu3O7 has
been discussed by many researchers. 1) In tliis paper
we study the properties of (PrxYi-x)Ba2Cu4O8 and
discuss the similarity and the dissimilarity to those
of(Pr x Yi. x )Ba 2 Cu 3 O7.

system. Present study was reported precisely in the
Rcfercnccp].
References
1) JJ. Neumeier and M. B. Maple, Physica C
191(1992) 158 and references therein.
2) Z Guo et al., Physica C 220 (1994) 41.
3) N. Yamada et al.. Physica C 235-240(1994)
1029.

Experimental
The specimens of (PrxYi-X)Ba2Cu4C>8 were
successfully prepared for x <; O.7.2) In order to
obtain the informations of the hole states on
oxygen, X-ray absorption measurements(XAS) near
oxygen K-edge of the (PrxY i-X)Ba2Cu4C>8 and
(Pr x Yi. x )Ba2Cu3O7 were performed at the BL11
beam line of PF KEK by means of a totalphotoemission-yield method. The sample was
scraped with a diamond file to generate the fresh
clean surfaces. The total resolution was about 1
eV.

Results
Fig 1 (a) and (b) show prepeaks of oxygen K-edge
of (a)YBa2Cu3O7 and (tyPrBa^ugO? respectively.
The peaks were successfully decomposed into two
gaussian peaks located at 528(L-peak) and 529
eV(H-peak). For superconductor YBa2Cii3O7, two
peaks have almost the same intensity, while for
PrBa2Cu3O7 the L-peak is weaker and the H-peak
is stronger.
Hence, the reduction of
superconducting properties seems to be correlated
with the L-peak intensity. Figure 1 (c) and (d)
show those prepeaks of (c) YBa 2 Cu 4 0 8 and (d)
(Pro.6Yo.4)Ba2Cu408, respectively. Each of the
prepeaks was decomposed into two gaussian peaks
also. Two peaks are almost of equal intensity
independent of the Pr-content in this PrY-124

Photon Energy (eV)
Fig. 1 XAS near oxygen K-edge of
(a) YBa2Cu3O7, (b) PrBa2Cu3O7, (c) YB
and
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Experiment
Mo/Si multilayers, with the number of layer pairs of
25 and layer period of 75A, were deposited by rf magnetron
sputtering on silicon wafers. These multilayer samples
were stored in a desiccator for 6 months.
Hard-x-ray reflectivity was measured with smallangle x-ray diffractometer using CuKa radiation (1.54A),
and soft-x-ray reflectivity was measured with high-precision reflectometer4' at the beam line BL-11A using s-polarized radiation. The grating was 2400 lines/mm pitch and
beryllium filter was employed to screen the higher order
diffraction.
Results
Figure 1 and Fig. 2 show the change of hard-x-ray
reflectivity curve of Mo/Si multilayers with Mo on top and
Si on top, respectively. Si-on-top multilayers showed no
apparent change after 6 months, but on the other hand the
reflectivity curve of Mo-on-top multilayers obviously
changed after 3 months. This change is in good agreement
with the calculated reflectivity curve considering the surface oxidation of Mo top layer. The calculation led to the
conclusion that about 10A of Mo top layer was oxidized.
Figure 3 shows soft-x-ray reflectivity of Mo/Si
multilayers stored in air for 6 months. The reflectivity of
Mo-on-top multilayers was 58% and that of Si-on-top
multilayers was 65% at the wavelength of 130A. Both Moon-top and Si-on-top Mo/Si multilayers as-deposited had
the same reflectivity of about 65%. The reflectivity of Sion-top Mo/Si multilayers did not changed. If 10A of top Mo
layer of Mo/Si multilayers was oxidized, calculated
reflectivity is reduced about 10%. This reduction is consistent with the discrepancy between the reflectivity of Mo/Si
multilayers with Mo on top and that with Si on top stored in
air for 6 months. We can conclude that in the case of Si-ontop Mo/Si multilayers surface oxidation has no effect on
their reflectivity, and that in the case of Mo-on-top Mo/Si
multilayers Mo surface layer is oxidized in air and as the
result their soft-x-ray reflectivity is reduced. Although we
have a few data at present, we will continue the examination of long-range stability of Mo/Si multilayers.

4) M. Yanagihara, M. Niwano, T. Koide, S. Sato, T.
Miyahara, Y. Iguchi, S. Yamaguchi and T. Sasaki, Appl.
Opt., 25(1986)4586.
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Introduction
Mo/Si multilayers have the highest soft-x-ray
reflectivity in the wavelength region around 130A. In order
to make them fit for practical use, their stability," heat resistance2' and radiation tolerance3' have been investigated by
several researchers. We have examined long-range stability
of Mo/Si multilayers stored in air.
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Fig. 3 Soft-x-ray reflectivity of Mo/Si multilayers with Mo
on top and Si on top. The differnce of the two peak wavelength is due to the initial layer-period difference.
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I. Introduction
A newly designed "multilayer" photodiodetype semiconductor detector for wider x-rayenergy-regime observations is proposed. This
new-type detector is also applicable to the use of
simultaneous observations of "multi-energy
resolved" x-ray tomography measurements using
the signal from each layer. Monochromatized x
rays (BL-15C and BL-11A) are utilized for the
detector characterization [1].

employed, a remarkable feature of a flat response
in the 10-20-keV region is achieved. This
striking feature will be maintained up to 30 keV,
and then decreases slowly with increasing E.
Also, a slight decrease in the low-energy side is
interpreted by the existence of a 10-jim-thick
dead layer. This will be minimized by the
improvement of its electrode shape.
As compared with conventional singlecrystal detectors, one of the advantages of this
multilayer detector is no need of a kV-order bias
operation employed for a usual 10-mm-thick
single-crystal detector. It is sufficient for the
multilayer detector to supply only a few-tens
volts.
Furthermore, when we take account of a
theoretical prediction using a three-dimensional
thermal-diffusion effect, only a few-volt bias for
such multilayer detectors will provide similar
remarkable high-energy-response characteristics
in current-mode operations for intense plasma xray observations.
The x-ray response data from each
photodiode layer (see the direction B of Fig. 1)
agrees well with the theoretical calculation. This
result encourages us to utilize this configuration
of the multilayer detector as an x-ray-energy
resolved detector; that is, for one layer behind
some layers, these front layers work as x-ray
absorbers. Therefore, the data comparison
between these multilayers lead to x-ray energy
analyses even if no "real" filters are prepared.
This gives a remarkable advantage for a
detector installation in a vacuum chamber without
any accesses of changeable filters; such a serious
configuration is frequently realized because of
narrow detection spaces. Another essential merit
is the fact that incident x-ray-energy-resolved
data are easily attained at the same time.
Therefore, the combination of several units of
these multilayer detectors may provide spatially
resolved x-ray-tomography data having such an
simultaneous energy resolution.
This multilayer detector having such "twodirection" special characteristics are usefully
employed for several various research fields.
[1] M. Hirata et al., Review of Scientific
Instruments 66, No.2 (1995)

II. Specification for the Multilayer
Detector
The specifications for the multilayer detector
are as follows: Figure 1 shows the schematic
drawings of the four-layer detector. Each layer is
essentially a p-n junction photodiode; this diode
unit has a 300-}xm wafer thickness, and a 10x10mm 2 active area. Each diode-unit layer has its
own output wires. For adjoining diode units, the
same type of a semiconductor region faces to
each other (i.e., p type to p type and n type to n
type). A fully depleted operation is employed.
As shown in Fig. 1, we inject x rays from
two different directions A and B for the purpose
of demonstrating its remarkable high-energy xray response and its usefulness as an "multienergy-resolved" x-ray tomography detector,
respectively.
III. Characterization of the Multilayer
Detector
When the parallel x-ray injection (the
direction A of Fig. 1) along the wafer surfaces is

Fig. 1 Schematic drawings of a new multilayer
semiconductor x-ray detector.
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EXPERIMENTAL VERIFICATION OF A NEW THEORY ON X-RAY SIGNALS
FROM SEMICONDUCTOR DETECTORS
T. Cho, M. Hirata, J. Kohagura, Y. Sakamoto, T. Kondoh1, N. Yamaguchi,
K. Yatsu, T. Tamano, S. Miyoshi, K. Hirano2, T. Sekitani2, H. Maezawa2
Plasma Research Centre, University ofTsukuba, Ibaraki 305, Japan,
!JAERI, 2Photon Factory.

1. Introduction

highlight this viewpoint, dwaf of each detector

Recently, we proposed a new theory on the
x-ray response of semiconductor detectors. [1]
In order to verify this theory, experiments have
been carried out using intense x rays (BL15C and
BL11 A). We designed, fabricated, and prepared
the following four semiconductor detectors.

in Fig. 1 is designed to be the same value of 525
Urn. The dot-dashed curve in Fig. 1 is the
calculated result from the above assumption
using dWqf= 525 jxm in place of the use of ddepNeither of the two-data sets still can be fitted by
this MIT prediction. Furthermore, in spite of the
use of the same-thickness wafers, each data set
shows obviously different x-ray response.
On the other hand, our new theory [1] is
physically based on the combination of the x-ray
responses contributed both from the depletion
layer (as conventionally described) and from the
field-free substrate region (a new effect of the
three-dimensional diffusion of x-ray-produced
charges). In particular, we utilize the exact
solution of the diffusion effect in an closed circuit
detector operation.
The solid curves in Fig. 1 show the
predicted responses of these two detectors from
our theory using the detector parameters ; the
predicted curves using our new theory can fit
these data.

2. Experimental Apparatus
One is a commercially available SSB BO
detector having the wafer thickness dwaf of 215
(im . This is a fully depleted detector in a 100-V
bias operation. Another is fabricated as a fully
depleted detector (XD5) in a 100-V bias
operation having dwaf= 300 |im. The other two
detectors (XD19 and XD9) are partially depleted
having dwaf= 525 |im. The observed values of
the depletion-layer thicknesses ddep are 212 Jim
and 1 Jim, respectively. These are employed for
the investigations of the dependence of the
thermal-diffusion lengths L of x-ray-produced
minority carriers on their x-ray-energy
responses. Using the photoluminescence
method, L forXD19 and XD9 are observed to
be 120 (im and 20 p.m, respectively.

[1] T. Cho et al., Nucl. Instrum. Methods
A348, 475 (1994).
[2] K.W.Wenzel etal, Rev. Sci. Instrum. 59,
1380 (1988); 61, 693 (1990); 64, 1723 (1993).

3. The Comparison Between the Data
and Theories on a Semicoductor X-ray
Detector Response
For the x-ray-response normalized by the
x-ray energy T]/E obtained from the SSB BO and
the XD5 detectors (fully depleted detectors), the
data points are explained by the conventional
theory using each value of ddep.
On the other hand, the filled and the open
circles in Fig. 1 represent the data from XD9 and
XD19, respectively. For these partially depleted
detectors, neither of the data sets is fitted by the
similarly calculated dotted curve (XD9) and
dashed curve (XD19) from the conventional
theory. As the essential difference in the two
groups, the field-free-substrate regions exist only
for the detectors in Fig. 1.
A proposal to solve the x-ray response has
been made by the MIT group [2]; they employed
the total wafer thickness of a detector as the xray-sensitive region in place of ddep- To

1
0.1 ,

0.01

6 810
E (keV)
Fig. 1
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NEXAFS Study on the Rubbing Strength Dependence
of the Surface Structure of Polyimide BPDA-C8
Ikuko Mori 1 ), Tohm Araki1)>2),Hisao Ishii^.Yukio Ouchi'^Kazuhiko Seki1) and Katsumi Kondo3)
*) Department of Chemistry, Nagoya University, Chikusa-ku, Nagoya 464-01
2) Photon Factor}', National Laboratory for High Energy Physics, Oho, Tsukuba, Ibaraki 305.
3
) Hitachi Research Laboratory, Hitachi Ltd., Hitachi, Ibaraki 319-12
Introduction
It is well known that a rubbed polymer surface may
align a liquid crystal (LC) film, whose optical axis makes
a pre-tilt angle from the polymer substrate. As for the
mechanism of the alignment, it is widely believed that the
mechanically rubbed polymer is subjected to the local
structure change, such as realignment of the polymer
chain, and hence the elongated chain induces the uniaxial
alignment of the LC film. Although many surface
analytical techniques have been applied to reveal the
mechanisms of the alignment, complete understanding is
still lacking.
In this study, we have performed a series of
experiments with use of C K-edge NEXAFS (Near Edge
X-ray Absorption Fine Structure) speclroscopy for the
first time in order to investigate the rubbing strength
effect on the polymer surface.

Results and Discussion
Figure 1 shows a typical
C K-edge NEXAFS
spectrum of BPDA-C8(s) polyimide. The peak (a) can
be assigned as a transition from C j s to 7t* (C=C) orbital1).
In order to investigate the orientation of the rigid
biphen}i parts of the polymers, we have examined the
incident angle dependence of the intensity of the peak (a).
In Fig. 2, the data was plotted with theoretical fit 2\ where
we have assumed a Gaussian distribution function and
the polarization factor of the incident beam P=l, and 9 is
defined as the angle between the substrate plane and the
incident X-ray beam. The rubbing direction was fixed in
the incident plane. As clearly seen from the figure, the
biphenyl part of BPDA-C8 tilts from the surface by about
15 degree, and its angle has no connection with rubbing
strength. A model structure of the polymer is illustrated
in Fig. 3. It is found that the rubbing strength merely
affects the FWHM of the distribution function. We can
conclude that the tilt angle of the rigid part originates
from the conformation of the polymer.

Experimental
We used BPDA (biphenyl-3,3',4,4'-tetracarboxylic
dianhydride) type polyimide with octyl chains between
BPDA groups (BPDA-C8). C K-edge NEXAFS spectra
were taken on the BL-11A at KEK-PF with a
Grasshopper monochromator.
Measurements were
performed in total electron yield mode for 1000A thick
polyimide films on ITO(Indium Oxide) glass plate.
Mechanical rubbing was applied on the polymer surface
under different pressure condition, denoted as strong(s)
and weak(w) rubbing.

c;
3

xi

2
c

BPDA-C8(s)
> BPDA-C8(w)

0

i

30 60 90 120 150 180
E Vector Polar Angle / Deg.

Fig. 2 Angular dependences of the peak (a) for BPDAC8(s),(w) polyimide.
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Fig. 3 Model structure of BPDA-C8 polyimide.
References
1) J. L. Jordan-Sweet et al.:J. Chem. Phys. 89 (1988)
2482.
2) J. Stcmr et al.: Phys. Rev. B36 (1987) 7891.

Fig. 1 C K-edge NEXAFS spectra of BPDA-C8(s)
polyimide. Peak (a) is assigned as a transition from C j s
to n* (C=C).
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M0/B4C AND R11/B4C MULTILAYER POLARIZERS FOR SOFT X RAYS
Yoshinori GOTO,* Mihiro YANAGIHARA, and Masaki YAMAMOTO
Research Institute for Scientific Measurements, Tohoku University
2-1-1 Katahira, Aoba-ku, Sendai 980-77
Introduction
Multilayer coatings exhibit remarkable
polarizing power at the Brewster angles for soft
x-rays (SXR's).1) We have so far developed
them for the studies of polarization of beamline
SXR's 2 ) and SXR fluorescence.3) We have
recently fabricated multilayer polarizers for 180eV region by M0/B4C and RU/B4C systems.
Using them we optimized and evaluated the
polarization of the beamline BL-11 A.
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Samples and Measurements
Samples of M0/B4C and RU/B4C, both
199 layers in total, were prepared by a
magnetron sputtering system on Si wafers. A dc
power of 100 W (1.3 W/cm2) was fed for the
metal targets, while an if power of 400 W (2.3
W/cm2) for the B4C target. Ar pressure was 2.0
mTorr. The reflectance measurement was carried
out on BL-11A using the soft x-ray reflectometer
with a 0.5-eV resolution. We used a carbon
filter to cut off unwanted higher orders. Prior to
the reflectance measurements we evaluated the
polarization of the SXR's emergent from the
monochromator using a rotating analyzer2)
mounted with a R11/B4C multilayer.
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Results and Discussion
Figures 1 and 2 show the reflectance
spectra measured for the M0/B4C and the
RU/B4C multilayers for ^-polarization, where
several incidence angles (6) are indicated beside
the spectra. The M0/B4C sample has a 22.8%
reflectance at 183 eV (6 = 45°), while the R11/B4C
sample has 20.0% at 185 eV (6 = 47°). The
reflectances are about half and one third the
calculated values for the respective samples. The
disagreement with the ideal values arises
dominantly from the surface and interface
roughness. Figure 3 shows the output intensity
of the rotating analyzer in logarithmic scale vs its
azimuthal angle measured for the emergent beam
of 168 eV. The polarization degree was 98.2%.
The polarization was finally obtained by
optimizing the deflection mirror of the beamline,
while measuring the polarization degree. It was
also found that the position of the deflection
mirror optimized for 168 eV is the same position
optimized for 93 eV in the previous study.2)
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CALIBRATION OF SOFT X-RAY SPECTROMETERS
FOR PLASMA DIAGNOSTICS
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Introduction
VUV/soft x-ray measurements are important
methods to diagnose impurities in magnetically
confined plasmas of the type used in fusion
research.
These measurements require
instruments that provide simultaneous spectral,
temporal and spatial resolution of the plasma
radiation.
Recently we have constructed the space- and
time-resolving flat-field VUV(15O-1O5O A) 1 ) and
soft x-ray(20-350 A) spectrographs by using an
aberration-corrected concave grating with varied
spacing grooves which gives us a wide
simultaneous spectral coverage and the efficient
detection geometry for an MCP detector.
For quantitative analyses of emission lines, it
is important to characterize the efficiency of these
spectrograph systems throughout its wavelength
range.
We have performed calibration
experiments for these spectrographs. In this
report we describe the experiment for the grazing
incidence soft x-ray spectrograph.

incident angle is 87° and the effective braze
wavelength is 100 A. The entrance slit has a 100
fim width and 2 mm height, which gives spatial
resolution. An MCP intensified detector having
50x50 mm 2 active area is set on the flat-field
output plane.
Calibration experiments have been carried out
by monitoring the incident photon intensity just
behind the entrance slit by using an XUV silicon
photodiode (IRD, AXUV100) and then
measuring the output image. Measurements,, are
repeated for incident wavelength from 50 A to
140 A, for several different points of irradiation
on the grating along groove direction and for two
(S and P) polarization geometry in the
spectrograph.

Experimental
Experiments have been performed at the
beamline 11 A. The schematic drawing of the
grazing incidence soft x-ray spectrograph is
shown in Fig.l. The concave grating used has a
radius of curvature of 5649 mm, a nominal
groove density of 1200 g/mm and a ruled area 50
mm wide by 30 mm high, which is ruled with
varied spacing (Hitachi, P/N001-0266). The
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Results
In Fig.2, the relative efficiency is plotted as a
function of output wavelength on the
spectrograph including second- and third-order
light. It is noted that the higher order diffracted
light is considerable for this grating. These data
are taken for the irradiation position at the center
of the grating and for P polarization geometry.
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Fig. 2 Relative efficiency of the grazing
incidence spectrograph.
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Fig.l Schematic drawing of the spatially
resolving grazing incident soft x-ray
spectrograph.
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NEXAFS Studies on the Temperature Dependence
of Surface Structure of Liquid n -C s 0H, 0 2 (pentacontane)
Yasushi Yamamoto", Ryuichi Mitumoto", Eisuke Ito", Tohru Araki 1 2 ', Yukio Ouchi",
Kazuhiko Seki", and Yoichi Takanishi"
''Department of Chemistry, Nagoya University, Chikusa-ku, Nagoya 4 6 4 - 0 1
"Photon Factory, National Laboratory for High Energy Physics, Oho, Tsukuba, Ibaraki 3 0 5
''Department of Organic and Polymeric Materials, Tokyo Institute of Technology, Tokyo 1 5 2
procedures except for the small variation in the transition
temperatures. As is clear from the figure, some ordered
phase is observed at the range of almost two degrees above
the (bulk) melting point. Since the unknown ordered
structure was observed not only in the first heating/cooling
process but also in the second and third one, the structure
corresponds to the thermodynamically stable state. From
these results, we can conclude that pentacontane have the
pre-transitional ordered structure at the liquid surface even
at almost two degrees above the (bulk) melting point.

Introduction
The orientation-analysis with NEXAFS (Near Edge
X-ray Absorption Fine Structure) spectroscopy has been
restricted to the solid sample. However, it would be of
great interest if we can apply the surface sensitivity of
NEXAFS to the system of liquid and/or liquid crystal
meso-phases. In this study, we have carefully selected a
liquid sample, whose vapor pressure is low enough under
our vacuum condition (108Torr), and have found for the
first time the pre-transitional ordered structure at the
surface of the liquid phase of an n-alkane.

1

V
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Experiment
C K-edge NEXAFS spectra were taken on the
BL-llAat KEK-PF with a total-electron-yield technique.
The sample used in this experiment was pentacontane film
of 2500 A thickness. (/i-C50H102) evaporated on Cu
substrate. In order to investigate the orientation of the
molecule at various temperatures, we examined the
incident angle dependence measurement of the spectra
ranging from 280 to 310 eV, at room temperature and
around the melting point.
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Results and Discussion
Figure 1 summarizes C K-edge NEXAFS spectra for
grazing incidence (GI: 6 =20° ) ,and normal incidence (NI:
0=90° )at room temperature (RT), just below and just
above the bulk melting point (95.5 °C).
Peaks (a)
(287.80eV) and (b) (293.40eV) have been assigned as C ls
—• a * (C-H) and a *(C-C) resonances, respectively(1). At
room temperature, the height of the peak (a) for NI is
smaller than that for GI. On the contrary, the relative
intensity difference of the peak (a) between NI and GI is
drastically reversed just below the melting point. In the
liquid phase, the spectra for GI and NI are almost identical.
From the behavior seen in Fig. 1, we can deduce the
structural change of the sample with temperature as
follows: At room temperature, the molecular long axis is
almost parallel to the substrate. As the temperature is
increased, the molecular axis starts reorienting and
becomes perpendicular to the substrate surface just below
the transition point. In the liquid phase, the molecules
become random coils, hence the spectra were almost
identical.
In order to investigate whether pentacontane shows a
pre-lransitional ordered structure even at the liquid surface,
we continuously monitored the change of the intensity of
the peak around the melting point (Fig.2). In the course
of increasing temperature, it is noticeable that the intensity
changes a little at the (bulk) melting point (95.5°C) and at
1°C above this temperature the intensity suddenly decreases.
On the course of decreasing temperature, the intensity
jumped up at around 96.4 "Cand gradually increased until
9 4 . 5 1 . We obtained similar behavior at second and third
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THE STUDIES ON THE CORE HOLE EFFECT OF AROMATIC HYDROCARBONS
IN NEXAFS SPECTROSCOPY
Hiroshi OJI, Ryuichi MITSUMOTO, Eisuke ITO, Hisao ISHII,
Yukio OUCHI, Kazuhiko SEKI, and Nobuhiro KOSUGI*
Department of Chemistry, Nagoya University, Chikusa-ku, Nagoya 464
institute for Molecular Science, Myodaiji Okazaki 444
It has been the subject of interest to obtain the density
of unoccupied states (DOUS) for relatively large organic
molecules. We have been studying the applicability of the
technique of near edge X-ray absorption fine structure
(NEXAFS) spectroscopy to this subject, in which electronic
excitations from core orbitals (e.g. Cls) to various vacant
orbitals are observed. Since the NEXAFS spectrum,
however, may be significantly deformed from DOUS due to
the excitonic effect caused by the interaction between corehole and the excited electron[l,2], it is necessary to assess
the magnitude of the excitonic effect systematically. Our
previous paper has evaluated the variation of the magnitude
of the excitonic effect among various delocalized % conjugated systems, such as iiillerenes, naphthacene and psexiphenyl[3]. In this work, we extend our study to other 7c
-electron systems, chrysene, perylene and coronene, whose
degrees of it -conjugation are estimated to lie between these
for fullerenes and naphthacene.
The samples were thin films of 3000A thickness
prepared by vacuum evaporation. C K-edge NEXAFS
spectra were measured at the beamline 11A of PF and the
beamline 2B1 of UVSOR. Analysis of the observed spectra
was performed by ab initio MO calculation program
GSCF3, coded by one of the authors (N.K.), with use of
hole-potential method[4]. While convoluting the delta
functions at each transition energy with Gaussian function to
obtain NEXAFS spectra, we have taken account of the
difference among the Cls binding energies, AIP, for each
atom in the molecule. In Fig. 1, we show the C K-edge
NEXAFS spectra of chrysene, perylene, and coronene with
the results of inverse photoemission spectroscopy (IPES)[5]
and the calculated NEXAFS spectra. Since IPES spectrum
of chrysene is not available in the literature, we have used
the DOUS estimated from ab initio calculation for the
ground-state. As is clear from the figures, the resemblance
between IPES and NEXAFS spectra are rather poor, as was
observed in the case of naphthacene[3].
In order to evaluate how the excitonic effect affects
the MO and the NEXAFS spectra, we depict the details of
MO calculations for perylene in Fig. 2 as an example.
Abscissa represents the number of the excited atom shown in
the inset. Orbital maps of the unoccupied MOs of the
ground-state are illustrated at the left-hand side. Also shown
are the energies of the core excited states. Positions of bars
in each column correspond to the energy levels of the
unoccupied MOs in the excited states which, in the holepotential method, correspond to the excitation energy
(excitation energy are calibrated by AIP). The length of each
bar gives the excitation intensity. Delta function at each
energy level is convoluted and their weighted sum over the
C atoms gives the simulated NEXAFS spectrum (right). The
first peak (I) consists of the excitations from the Cls orbitals
240

of atoms 1, 2, 3 to the same final MO. The second peak (II),
on the other hand, is formed by the contributions from both
MO-a and MO-b with the excitation of atoms 5 and 6.
Considering the variation of the energy levels of MO for
various excited atoms, we can conclude that DOUS
information of this size of K -conjugated system is hardly
obtainable from NEXAFS spectra.

Q$°
c a l c u l a t e DOOSA

Fig. 1 Comparison of carbon K-edge NEXAFS spectra
and IPES spectra or calculated DOUS for chrysene,
perylene, and coronene.
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Fig. 2 Details of MO calculations for perylene. Abscissa
represents the number of the excited atom shown in the inset.
The energies of unoccupied MO for the excitation at each
atom correspond to the core excitation energies in the holepotential method.
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Recording of Soft X-Ray Hologram by a Backside Illuminated CCD Camera
Norio Watanabe, Kenji Sakurai, Koichi Iida, and Sadao Aoki
Institute of Applied Physics, Tsukuba University, Tennoudai, Tsukuba 305

Introduction
Soft x-ray holography has a potential for obtaining
high resolution three-dimensional images of biological
microstructure. Resolution of Gabor in-line holography is
determined by spatial coherence (source size), temporal
coherence (monochromaticity), and resolution of a
detector. If source size is small enough and a diffraction
pattern is enlarged by shadow projection, it is not essential for recording a hologram to use a detector with
extremely high resolution, such as a resist. Instead of
this, a moderate resolution detector with high quantum
efficiency, such as a backside illuminated CCD camera,
can be used. Hologram data of the CCD camera can be
digitized directly, and an artifact from a readout process
can be avoided.
We used a zone plate and a pinhole to make a
point source, and recorded holograms by a CCD camera.
Some preliminary results of recording x-ray holograms
are given in this report.

for the use of his x-ray microscope chamber and zone
plate. They would also like to thank Dr. M. Taniguchi for
preparing the muscle samples.
Refocusing Mirror

SR from
Grasshopper
Monochromator

Zone Plate
Pinho!e(<}>lnm)
Specimen
CCD
Camera

Fiig. 1 Schematic of the optical system.

Experimental
Optical arrangement is shown in Fig. 1. The
Grasshopper monochromator installed at BL11A was
used. The monochromatic radiation of 3.1-3.3 nm from
the monochromator was focused on a pinhole (<]>1.0 |xm)
by a zone plate (diameter: 1.0 mm, outermost zone width:
0.25 urn). A specimen was placed 30.0 mm downstream
from the pinhole. Divergent soft x-rays from the pinhole
formed a shadow-projection image of the specimen on a
CCD camera (Astromed Ltd. , CCD: EEV P86000/T, 22
x22 (j.m/pixel, 578x385 pixels) which was set 667 mm
downstream from the pinhole. The magnification ratio
was 22. The image was in-line hologram of the
specimen, since the pinhole could be regarded as a
partially coherent point source.
Specimens, such as chemical fibers (~<]>5 u.m), tungsten
wires ($ 5(j,m), molybdenum wires (<j>13 urn), human red
blood cells, crab muscles, were observed. The exposure
time was about 30 min under the ring current of -300
mA.

Fig. 2 Hologram of cj>5^im tungstem wires.

Results and Discussion
Fig. 2 shows a hologram of tungsten wires ((j>5 jtm),
and Fig. 3 shows a hologram of human red blood cells.
Disappearance of higher order diffraction fringes is due
to the lack of the spatial coherence. Computer-aided
reconstruction processes of these holograms are currentry
under way.
Fig. 3 Hologram of red blood cells.
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S K-EDGE SEXAFS ANALYSIS OF HIGHER COORDINATION SHELLS OF
c(2x2)S OVERLAYERS ON Ni(100) AND Ni(llO)
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Introduction
By virtue of recent developments of theoretical aspects
of EXAFS, one can obtain detailed information on local
structures beyond the first nearest neighbor (n.n.) shells by
using, for instance, the FEFF6 code [1]. In this study, we
have analyzed polarization-dependent S K-edge SEXAFS of
c(2x2)S overiayers on Ni(100) and Ni(llO), and have
determined detailed surface structures for the first and
second Ni layers.

0.04±0.02 A than the other second layer Ni atoms. The
conclusion is in good agreement with the LEED study [3].
For S/Ni(110), the S atom is known to locate at the
twofold hollow site with the S-Nil and S-Ni2 distances of
2.28 A and 2.20 A, respectively [2]. Note that the second
layer Ni2 is placed closer to the S atom than the surface
layer Nil. We have performed similar FEFF simulations
and found that ther also exists a buckling of the second
layer Ni and the magnitude is ~0.05+0.02 A.
References

Experimental
Clean and (lx l)-ordered Ni(100) and Ni(l 10) crystals
were dosed with saturated amounts of H2S at ~600 K. Very
clear and sharp c(2x2) LEED patterns were obtained for
both surfaces. S K-edge SEXAFS spectra were recorded
with the S-K fluorescence yield mode at ~100 K.
Polarization dependence was examined at normal (6^90°)
and grazing (6=15°) x-ray incidence. For Ni(110),
azimuthal angle dependence was investigated only in the
plane including the [001] axis.

[1] J. J. Rehr et al., Phys. Rev. Lett., 69,3397 (1992).
[2] T. Yokoyama et al., Surf. Set, 313, 197 (1995).
P] U. Starke et al., Surf. Sci., 232, 56 (1990).

Results and Discussion
In the previous study [2] we already determined the
local surface structures up to the second n.n. shells for
both surfaces. For S/Ni(100) it has been clarified that the S
atom locates at the fourfold hollow site with the S-Nil and
S-Ni2 (Nil: surface layer Ni, Ni2: second layer Ni)
distances of 2.19 A and 3.14 A, respectively. In the present
study, we have theoretically evaluated polarizationdependent SEXAFS including multiple-scattering paths for
sufficiently large clusters by using FEFF6 [1]. Figure 1
shows Fourier transforms of SEXAFS at #=20° obtained
experimentally and theoretically. Both spectra are well
consistent with each other, indicating high reliability of
FEFF standards. Although there have been found several
intense multiple scattering paths in the higher n.n. shells,
some contributions appearing in the Fourier transforms can
be described within the single scattering scheme. We have
consequently found a buckling of the second layer Ni, as
shown in Fig. 2. It is revealed that the second layer Ni
locating exactly below the S atom lies deeper by

2

3
o 4
DISTANCED)

Fig. 1. Fourier transforms of S K-edge SEXAFS kx(k) of
c(2x2)S/Ni(100) at x-ray incidence angle of 15°, obtained
experimentally and theoretically.

0.04 A
Fig. 2. Schematic side view of surface structure of c(2x2)S
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Introduction

determined by the triangulation of back reflection x-ray

Recent developments of the theory of EXAFS
including multiple scattering events allow one to analyze
higher coordination shells with high accuracy. In this
study, we have analyzed polarization-dependent S K-edge
SEXAFS of (VW3)R30°S/Ni(lll) beyond the first
nearest neighbor (n.n.) shell by using theoretical standards
given by FEFF6 [1], and have consequently obtained
detailed surface structure.
Experimental
A clean and (1 x l)-ordered Ni(l 11) crystal was dosed
with 1 L H2S at ~200 K. A very clear and sharp
(\£xV3)R30° LEED pattern was obtained. S K-edge
SEXAFS spectra were recorded with the S-K fluorescence
yield mode at a temperature of 95 K and x-ray incidence
angles of 90° (normal incidence), 55° and 15°.

standing-wave method [3].
The second peak in the experimental Fourier transform
appears at ~3.8 A, which is slightly larger than that in the
fcc-calculated one by ~0.1 A. From the conventional curvefitting analysis of the shell, we have found an expansion of
the spacing between the first and second Ni layers by ~9%
upon adsorption of the S atoms.
References
[1] J. J. Rehr et al., Phys. Rev. Lett., 69,3397 (1992).
[2] Y. Kitajima et al., Surf. Sci., 320, L49 (1994).
[3] Y. Takata et al., Surf. Sci., 265, 111 (1992).
(a)

(b)

Results and Discussion
In the previous study [2] we already detennined the
local surface structure. It was revealed that the S atom
locates at the threefold hollow site with the S-Ni(surface)
distance of 2.13 A. The main purpose of the present work
is to clarify which hollow site the S atom favors. As
shown in Fig. 1, there are two inequivalent threefold
hollow sites on N i ( l l l ) ; one is so-called hep site exactly
above the second layer Ni (Fig. l(a)), and another is socalled/cc site above the third layer Ni (Fig. l(b)). These
two sites provides exactly the same features for the first
n.n. shell, and one needs the analysis of the higher n.n.
shells to distinguish the two geometries. We have
performed FEFF6 simulations [1] employing sufficiently
large clusters. In these calculations, the S-Ni(surface)
distance of 2.13 A was employed, and no lateral or vertical
displacements of substrate Ni layers were assumed. Figure
2 shows Fourier transforms of experimentally and
theoretically (for both hep and fee sites) obtained SEXAFS
functions kx(k). When one compares the features around 35 A, one can conclude that the fee site is more appropriate.
The fcc-site adsorption was also found in the case of
(vW3)R30 o Cl/Ni(lll) whose surface structure was
243

Fig. 1. Structure models of (-v^xV3)R30°S/Ni(l 11): (a) hep
and (b) fee.
0.7

2

3
4
DISTANCE(A)

Fig. 2. Fourier transforms of S K-edge SEXAFS functions
k%(k) obtained experimentally (solid), together with
calculated ones (hep: dotted, fee: dashed). The fee site is
found to be more probable.
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Introduction

ZnSe based II-VI alloys have been considered
to be suitable material for application to short
wavelength optoelectronic devices. Recently, blue lasers
based on a ZnSSe-ZnMgSSe double heterostructure
(DH) have been successfully operated under the
continuous wave mode at room temperature.1' However,
the atomic disorders of ZnSSe and ZnMgSSe have never
been investigated enough, though the randomness in the
distribution of each element is strongly connected with
electronic and excitonic properties. We present a sulphur
AT-edge extended x-ray absorption fine structure
(EXAFS) study to elucidated the distribution of
chalcogen atoms in
ZnSxSei-x (x=0.06) and ZnixMgxSySei-y (x=0.18, y=0.2) with zincblende structure.

El J
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.2800
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Figure 1

Experimental
ZnSSe and ZnMgSSe films were grown on
GaAs(100) substrates by molecular beam epitaxy
(MBE). The film thickness of samples is about 1.5jxm.
Sulphur K-edge EXAFS (2400-2900 eV) measurements
were carried out at BL-11B with a gas-flow proportional
counter. The sample temperature was kept at about 100K
with liquid-N2 cooling. The EXAFS data are analyzed
according to a standard procedure2' by adopting the
parameters calculated with the FEFF 5 program for the
backscattering amplitude lf(k)l and the phase shift
functions 6.

DISTANCE (10 nm)

Figure 2

Results and Discussion
Figure 1 shows a sulphur K edge EXAFS
spectrum of ZnSxSei-x (x=0.06). The Fourier transform
of the EXAFS function k3x(k) is presented in Fig.2. The
EXAFS data of Zni-xMgxSySei-y (x=0.18, y=0.2) could
be obtained similarly. The analytical results of the
EXAFS in ZnSSe and ZnMgSSe of the effective
coordination number N and the interatomic distance R
are summarized in table I and II. It was found that each
interatomic distance in these compounds has almost the
same length as that in a binary compound, respectively.
Further, the ratio of numbers of sulphur to selenium
atoms in the second-neighbours around sulphur atoms
are proportional to the respective composition ratio both
in ZnSSe and in ZnMgSSe. This result indicates that
there is no clusutering in ZnSSe and that chalcogen
atoms are also randomly distributed in ZnMgSSe.

ZnSSe
1st

Zn

N

R(nm)

4.0

0.23S

S

0.7(5.7%)

0.386

Se

11.3(94.2%)

0.416

2nd

Table 1
ZnMgSSe

1st

N

R(nm)

Zn

1.9(80%)

0.234

Mg

0.5(20%)

0.241

S

1-9(17%)

0.387

Se

8.6(83%)

0.415
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H. Okuyama, M.Ozawa, A. Ishibashi, M. Ikeda and
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2) P.A. Lee, P.H. Citrin, P. Eisenbergerand B. Kincaid:
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2nd

Table II
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function k%{k) of SO 2 . The peak A is assigned to an S-O

Introduction
There have already been reported the structures of SO 2

bond, whose distance was determined to be 1.51 A by the

on Ag(llO) and Pd(100) surfaces, which show that the
plane of the SO2 molecule is nearly perpendicular to the

curve-fitting analysis. It is found longer by 0.08 A than

surface. Recently we have studied SO2 adsorption on

results. O K-edge SEXAFS study of the same system

clean Ni(100) and Ni(l 11) surfaces at ~170 K by means

was carried by Pangher et al. , who determined the O-S
and O-Cu distances as 1.48 A and 1.95 A, respectively.
The former is in agreement with our results within
experimental error. The peaks B and C come mainly from
S-Cu contributions but cannot be explained by a single
shell. Some multiple scattering contributions should be
taken into account. Although the adsorbed structure has
not been determined yet, our results, combined with O KSEXAFS, imply that the O atoms of SO 2 molecule are
directly bound to the Cu substrate with the O-S bond
inclined as ~60° from the surface normal.

that of solid SO2, being in agreement with the XPS

of S K-edge XAFS and found that on both surfaces the
SO2 molecule is adsorbed with the molecule plane
parallel to the surfaces. These findings are in clear
contrast with all the previous studies. In the present
study, we have investigated the adsorption behavior of
submonolayer SO 2 on Cu(100) by S K-edge XAFS.

Experimental
A Cu(100) single crystal was prepared by mechanical
polishing and electrochemical etching. The cleaning was
carried out by argon ion bombardment (1 kV) and
annealing (930 K) by means of electron bombardment.
The surface cleanliness and order were confirmed by
XANES and LEED, respectively. The sample was cooled
down to 180 K and subsequently dosed by 0.4 L with
SO2 gas in an UHV chamber. Polarization dependant S
K-edge XANES, EXAFS and S Is XPS measurements
were carried out at BL-1 IB.
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Results and Discussion
The S i s binding energy of submonolayer SO2 on
Cu(100) is higher by 5.2 eV than that of atomic S on
Cu(100), and is lower by 2.6 eV than that of multilayer
SO2. These results indicate that there exists molecular
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SO2 on the surface exclusively, and that the Cu substrate

Figl. Fourier Transform for S K-edge EXAFS of

contributes to lower the binding energy by charge transfer

SO2/Cu(100)
N.Pangher, H.M.Koppe, J.Feldhaus.and J.Haase Phys.
Rev. Lett.71,4365(1993)

to the adsorbed SO2 and the final state relaxation. Fig. 1
shows the Fourier Transform of the S K-edge EXAFS
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~1.1 A can be ascribed to the S-O coordination and the
bond length was determined to be 1.49±0.03 A which is
longer than that of multilayer SO 2 (1.43 A), being in
agreement with the NEXAFS remarks. The one at ~1.9
A is to the S-Ni shell and the distance is found to be 2.20
±0.03 A and the S atoms are found to locate on the longand short-bridge sites with equal amounts of distribution.
A consequent schematic structure is shown in fig. 2.

INTRODUCTION
Recently, we have investigated the surface structures
of SO2/Ni(l 11) and SO2/Ni(100) and found that on both
surfaces SO2 adsorbs with the molecular plane parallel to
the surfaces [1]. However the previous conclusion for
Ni(llO) by ARUPS [2] seems contradictory with our
work. Thus in the present study, we examined the surface
structure of SO2 adsorbed on Ni(l 10) surface by means of
S K-edge NEXAFS and SEXAFS.

S-0

EXPERIMENTAL
A clean and (lx l)-orderedNi( 110) crystal was prepared
in an UHV chamber and was subsequently dosed with 0.4
L SO 2 at 170 K. Azimuthal-angle dependence of the
XAFS spectra was investigated in different runs. In the
first run the electric field vector E was kept along the
[110] azimuth, and in the second run E was kept along
the [001] azimuth. S K-edge NEXAFS and SEXAFS
were measured in the fluorescence yield mode at BL-1 IB
at 92 K.
RESULTS and DISCUSSION
The S K-edge NEXAFS spectra of the submonolayer
SO 2 on Ni(l 10) were taken at incident X-ray angles 8 of
90°, 55° and 15° The polar dependence of the spectra was
similar to that of SO 2 /Ni(lll) and Ni(100) [1]. The
polar angle dependence of the 31* and a* peaks indicates
that SO 2 adsorbs with molecular plane parallel to the
surface. From the lower energy shift of the a* resonance
by 1.4 eV compared to the multilayer one, we can deduce
the elongation of the S-0 bond length. From the
intensity of the Jt* resonance in the 55° incidence
spectrum we found that the charge transfer from the
substrate to the Jt* orbital upon SO2 adsorption on Ni(l 1
0). On the contrary little azimuthal dependence was
observed, and this implies that SO 2 molecule is oriented
randomly with respect to the azimuthal angle.

E
o

0
0

1

2
.
Distance R (A)

3

•!

Fig. 1 Fourier Transforms of S K-edge SEXAFS
functions of submonolayer SO 2 on Ni(110), with E is
along the [110] azimuth.

Fig. 2 Schematic view of surface structure of
submonolayer SO 2 on Ni(110). The SO 2 molecule is
lying flat. Both the long- and short-bridge adsorption is
equally distributed.

Fig. 1 shows the Fourier transforms of the extracted
SEXAFS functions k\{k), with the electric field vector
E is along the [110] azimuth. The feature appearing at
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INTRODUCTION
Since sulfur dioxide SO 2 plays a role of a strong Jt
acceptor than CO, structure and electronic properties of
submonolayer SO2 on metal surfaces are quite
interesting. We report on the surface structure and
electronic properties of SO 2 adsorbed on N i ( l l l ) and
Ni(100) studied by S K-edge NEXAFS and SEXAFS .

1.51±0.03 A for SO2/Ni(100). The S-O distances are
found to be longer than that of multilayer SO2 (1.43 A),
being in agreement with the NEXAFS remarks. The S-Ni
distances are estimated to be 2.16+0.03 A for
SO2/Ni(l 11) and 2.18±0.03 A for SO2/Ni(100) and the S
atoms are found to locate at the bridge site on both
surfaces. Consequent schematic structures are shown in
fig. 2.

EXPERIMENTAL
Clean and (lxl)-orderedNi(lll)andNi(100)crystals
were prepared in an UHV chamber and were subsequently
dosed with 0.5 L SO2 at 170 K. At this temperature only
submonolayer SO2 adsorbs on the surfaces since
multilayer desorbs above 120 K. Polarization dependent S
K-edge NEXAFS and SEXAFS were measured in the SK fluorescence yield mode at BL-1 IB at 92 K.

S K-edge NEXAFS

multilayer SO2

RESULTS and DISCUSSION
Fig. 1 shows the S K-edge NEXAFS spectra of
submonolayer SO2 on Ni(100) taken at incident X-ray
angles 6 of 90°, 55° and 15°, together with the spectrum
of multilayer SO2. Similar spectra were obtained for
Ni(l 11). Two intense resonances found in the spectra are
assigned to the transitions of Sls-to-Jt* and Sls-to-o*(SO), respectively. The Jt* resonance is most enhanced at
grazing X-ray incidence and the a* resonance is
maximized at normal incidence, this implying the flatlying orientation of the molecular plane. From the curvefitting analysis, the co value (polar angle) is given as
90+10° on both surfaces. The lower energy shifts of the
a* resonances by 1.4 eV on N i ( l l l ) and 1.7 eV on
Ni(100) were observed compared to multilayer one,
indicating the elongation of the S-O bond lengths. The
intensity of the JI* resonance in the 55° incidence
spectrum (equivalent of polarization-averaged spectrum) is
noticeably suppressed compared to the multilayer one.
This means that the charge transfer from the substrate to
the jt* orbital upon SO2 adsorption.
From the SEXAFS analysis, the S-O bond lengths
were determined to be 1.48+0.03 A for SO 2 /Ni(lll)and
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Fig. 1 S K-edge NEXAFS spectra of submonolayer SO2
on Ni(lOO), together with that of multilayer SO2.

1.51 A
2.18 A

Ni(100)
Fig. 2 Schematic views of surface structures of
submonolayer SO 2 on Ni(l 11) and Ni(lOO).
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Introduction
Adsorption of aromatic sulfur compounds on metal
surfaces has been an important subject for
understanding
the
mechanisms
of
the
hydrodesulfurization process. Recently, we have
investigated the surface structures of thiophene on
Ni(100) at 43 K by means of S K-edge SEXAFS and
NEXAFS, and found that the C4H4S molecule is
adsorbed with the molecular plane parallel to the
surface and the S atom locates at the bridge site. In
the present work, the adsorption of thiophene on
Cu(100) has been studied using S K-edge SEXAFS
and NEXAFS spectroscopies in comparison to the
previous investigation.

From the analysis of the EXAFS spectra, the S-C
distance and the polar angle of the S-C bond co with
respect to the surface normal were found to be
1.71±0.05 A and 90±8°
respectively. These results
]
indicate that the distance of
S-C bond is as long as that
of multilayer (1.71 A) and
the molecular plane of
G4H4S is completely flat on
tree surface. The S-Cu distance was found to be
2.43±0.02 A and the adsorption site of S atom was
determined to be bridge site. Comparing to the
results of C4H4S/Ni(100), the adsorption site of S and
the polar angle of S-C bond are the same as those on
Ni(100). However, the distance of the S-C bond is
shorter than that on Ni(100) (1.80±0.05 A) and the
distance between S and substrate atom is longer
than that on Ni(100) (2.20±0.02 A).
All the results of SEXAFS and NEXAFS indicate
that charge transfer from Cu to C4H4S is smaller
than that from Ni to C4H4S, and the interaction
between Cu and C4H4S is weaker than that between
Ni and C4H4S. Since the d band of Cu lies deeper
than that of Ni, the n* orbital of C4H4S on Cu has a
weaker interaction with the d band of Cu comparing
to that of Ni.

Experimental
A Cu(100) single crystal was mechanically and
electro-chemically polished. Cleaning was carried
out by argon ion bombardment (500 eV) and
annealing (-1000 K) by means of the electron
bombardment. The surface cleanliness and order
were confirmed by NEXAFS and LEED, respectively.
Submonlayer C4H4S adsorption on the clean Cu(100)
was carried out by dosing -5 L C4H4S (1 L = l.OxlO6
Torr-s; 1 Torr = 133 Pa) at ~220±10 K. It was kept at
105 K during the spectroscopic measurements.
Results and Discussion
Fig. 1 shows the NEXAFS spectra of
C4H4S/Cu(100) together with that of multilayer
C4H4S. Comparing with the multilayer C4H4S
spectrum, two features at 2472.3 eV and 2473.5 eV
were assingned to the JI* and o*(S-C) transitions,
respectively. The a*(S-C) resonance is most
enhanced at normal X-ray incidence and n
resonance is enhanced at grazing incidence. This
implies the flat-lying orientation of the molecular
plane on the surface. Though polarization
dependence is effectively canceled out at 55°
incidence for any specific sample orientation, the K"
resonance is suppressed comparing to that of
multilayer C4H4S. This comes from the charge
transfer from the Cu substrate to jt* orbital, then we
estimated the amount of charge transfer by
comparing the intensity of it* resonance of
C4H4S/Cu(100) with that of multilayer C4H4S and it
was estimated as (1.0±0.2)e. This is smaller than
that of C4H4S/Ni(100) ((1.4±0.2)e).

a (S-C)
multilayer
C4H4S (6=55°)

§

I

2470

2480

Photon Energy (eV)

Fig. 1 S K-NEXAFS spectra of the C4H4S multilayer
and submonolayer. All spectra were taken at
105 K.
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Introduction
The study of the metal/silicon interfaces has
become a topic of great interest, because of important applications in electronic devices. However, only a few studies have been reported in
reverse systems ( silicon on metal) so far, which
is also important from the standpoint of catalytic
reaction mechanism. So, we mainly investigated
the growth and the structure of copper silicide
by means of Si K-edge XAFS.
Experimental
Details of the ultra high vacuum chamber
and experimental procedures have been described
elsewhere.1 Briefly, a Cu(lll) crystal was cleaned
by cycles of Ar + sputtering and annealing. Silane
was doposited on the Cu(lll) at 110 K, followed
by annealing to 230 K and 600 K.

At 230 K, both normal and grazing incidence
spectra have a distinct peak. At grazing incidence the peak is assigned to a Si-Cu bond, but
at normal incidence the peak could be assigned
to a Si-Si bond, not a Si-Cu bond by the curvefitting analysis. The Si-Cu distance is determind to be 2.44 A, and the Si-Si distance 2.34 A,
which is equal to that of a Si crystal. This result
suggests that a few Si atoms are combined with
each other, and made an island-like structure.
At 600 K, the polarization dependence is much
reduced. From the analysis of the spectra, we
concluded that the main peak is assigned to a
Si-Cu bond whose distance is determined to be
2.48 A, and that the surface Cu atom might be
replaced by the Si atom. This result suggests
that a drastic change occurs in the structure of
adsorbed species between 230 K and 600 K.

Result and Discussion

110 K

The silane saturated surface at 110 K displayed a clear (y/z x \Z3)#30° LEED pattern
which is in agreement with the work by Wiegand et. al.2 As temperature raised, the LEED
pattern changed to weak (1 x 1) at 200 ~ 300
230 K
K. At 500 ~ 600 K a clear (\/3 x V3)R30° pat• Si-Cu
Si-Si —
tern appeared again and at 700 K returned to
the (1 X 1) pattern.
Fourier transformation resulted from the SEXAFS spectra of silane saturated sample at 110 K,
230 K and 600 K are shown in Fig. 1. At 110
600 K /
K, the grazing incidence spectrum has a distinct
peak which is assigned to the nearest neighbor
Cu, while the normal incidence spectrum has less
distinct peak. From the curve-fitting analysis
using theoretical parameters by Rehr et. al.3, we
0 1 2
3 4 5 6
Distance/A
determined that the Si-Cu distance on Cu(lll)
is 2.45 A, and the adsorption site is a 3-fold hol- Fig. 1 Fourier transforms of kx(k) at grazing
low. Moreover, from the theoretical simulation and normal incidence for SiH4 on Cu(lll)at 110
FEFF6, the Si atom might be located on top K, 230 K and 600 K
of the Cu atom in the second layer ( hep site ).
J
From the previous studies2, the adsorbed species
T. Kanazawa et. al., PF Activity Report, 11 (1993), 262
2
B. C. Wiegand, S. P. Lohokare, and R. G. Nuzzo, J. Phys.
on Cu(lll) would be mainly SiH2 and hydrogen
Chem., 97 (1993), 11553
atoms.
3
J. Musfcre, Y. Yacoby, E. A. Stern, and J. J. Rehr, Phys.
Rev. A, 48 (1990) 10843
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From the AES study it was clarified that each (/~17X
/"17)R14° unit mesh contains eight S atoms [2]. It is
found from the STM images that there exist two types of S
atoms. Half of the eight S atoms(Si) are imaged as bright
spots in each unit mesh and their interatomic separation is
4.0+0.15 A . Another lialf of S atoms(S2) are imaged as
darker spots in each unit mesh and these atoms are assumed
to be embedded in the plane of the surface Cu layer.
Colaianni et al.[2] have already proposed a surface
structure model of the ( 7 " l 7 x / l 7 ) R 1 4 ° S/Cu(100)
system. However the S-Cu distances and the coordination
number in this model does not satisfy the present SEXAFS
results. In order to meet the SEXAFS results we propose a
new structure model as depicted in fig. 1. The top-layer Si
atoms locate at the trapezoid-shaped hollow site composed
of four Cu atoms of the first layer. The embedded S i atoms
are surrounded by six Cu atoms (two of the first Cu layer
and four of the second layer) and locate on the normal fourfold hollow site of the second layer. The Sj-Cu and S2-Q1
distances are all equal to 2.29 A . This model successfully
explains both the STM and SEXAFS results.

INTRODUCTION
The S/Cu(100) system is known to exhibit two different
LEED patterns depending on the S coverage [1]. At the
low S coverage near 0.25 ML, a p(2 X 2) LEED pattern is
observed. Another stable S/Cu(100) phase which shows
clear (v r 17Xv r 17)R14 LEED pattern is formed after
thermal annealing of the saturation coverage of 0.47 ML
[1]. The previous structural study on the
{^TllX-flT)
R14 phase by STM has clearly indicated a drastic
reconstruction of the surface Cu layer [2]. We have
measured S K-edge SEXAFS of the ( V"l7X /~17)R14°
S/Cu(100) system and further observed STM images of
the system. From these results we have successfully
elucidated the reconstructed surface structure of the (-/~17
X-/~17) R14° S/Cu(100) system and proposed a new
structure model which is consistent with both
the SEXAFS and STM results.

EXPERIMENTAL
A clean Cu(100) crystal was dosed with 4.0 X10"4 Pa
H2S for 300 s (900 L) at -800 K. A very sharp and
intense (v r 17X/"l7)R14° LEED pattern was observed.
Polarization dependent S K-edge SEXAFS measurements
were carried out in the fluorescent X-ray yield mode at
BL-1 IB. The SEXAFS spectra of this sample were taken
at the X-ray incident angles of 90 (normal incidence),
55° and 15° . In order to suppress thermal vibrations, the
sample was cooled down to 100 K using liquid N2. STM
images were taken with a sample bias voltage of 25 mV
and a constant tunnel current of 2.5 nA using another
UHV chamber at ambient temperature.

REFERENCES
[1] J. L. Domange and J. Oudar, Surf. Sci. 11, 124 (1968).
[2] M. L. Colaianni and I. Chorkendorff, Phys. Rev. B 50,
8798 (1994).
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RESULTS AND DISCUSSION
From the analysis of SEXAFS spectra the first nearest
neighbor (n.n) S-Cu bond distance is determined to be
2.29+0.03 A , which is almost independent of the X-ray
incident angle. This implies that all the S-Cu distances
are nearly equal to each other even if two or more
inequivalent S atoms are present in this system. The
averaged S-Cu bond angle with respect to the surface was
found to be 30+3° . When the amplitude reduction factor
SQ2 is assumed to be 0.74, the coordination number N in
this system can be determined as 5.1 +0.5.

Fig. 1 Schematic top view of the new structure model for
S/CU(100).
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Sulfur K-edge NEXAFS (Near Edge X-ray
Absorption Fine Structure) spectra of fly ash
powder samples were measured using both
total electron yield (sample current) and sulfur
if-X-ray fluorescence yield methods. The total
electron yield probes surface less than 100 A
depth and the X-ray fluorescence yield probes
deeper than 1000 A. Therefore we can obtain
both the surface and bulk chemical information
on powder samples.
The experiment was performed on the
beam line BL-11B. InSb(lll) double-crystal
monochromator was used.
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The samples measured were fly ash
powders. Australian coals from Newlands and
Saxonvale were burned in an industrial
furnace at 1700 K and fly ash powders were
gathered [1, 2].
The obtained spectra are shown in Fig. 1.
Six hours were required to accumulate one set
of spectra shown in Fig. 1 because the sulfur
concentration was less than 20.3 %. The S 6 +
peak was at 2482 eV and S ' peak 2473 eV.
Therefore we could determine the chemical
state of sulfur using these NEXAFS spectra.
The surface was S*>+ chemical
state, and
the bulk was mixture of S2" and2S 6+6+chemical
states. We have found that the S VS ratio of
bulk was different when the coal origin was
different.
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Fig. 1. XAFS spectra of fly ash collected from
combusted Australian brown coal.
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the Brillouin zone boundary. Using V0=12.0 eV and
m*=1.10me, where m e is the free-electron mass,
empirical bulk valence band structures along 2-line
(squares for A, || [001] and triangles for Aj || [llo]) are
shown in fig. 1 together with the band structure calculated
by Takegahara(solid lines) using APW method with LDA
approximation^] for comparison. The binding energy of
the calculated band structure is referenced to valence band
maximum. Although there are some disagreements in fig.
1, our empirical band structure of the O2p valence bands
along 2 line in the bulk Brillouin zone was in qualitatively
overall agreement with the calculated band structure.

Introduction
SrTiC>3 (cubic perovskite-type crystal structure at
room temperature) is a typical insulator with a wide band
gap (EG~3.2 eV). This transition metal oxide has no 3d
electron formally, namely, the valence band of SrTiC>3
consists of mainly O2p bands in origin[l]. Therefore, it
may be considered that its valence band structure can be
simply described by one-electron picture. However, there
is little experimental evidence which has directly
demonstrated whether the electronic structure of SrTiC>3 is
described by one-electron picture or not. So, in order to
examine the electronic structure of O2p valence bands, we
have performed ARP studiesofSrTiO3(110) surface.

References
[l]R.Courths, B.Cord and RSaalfeld: Solid State
Commun. 70(1989)1047.
[2]K.Takegahara: J.Electron-Spectroscopy and Related
Phenomena 66 (1994) 303-320.

Experimental
The ARP experiments were performed at the Photon
Factory (BL-11C), using the hemispherical electrostatic
analyzer with an acceptance angle of ±1° (VSW). Total
instrumental energy resolution was 150-250 meV full
width at half maximum, depending on the photon energy
in the energy range of 18~32 eV. All ARP spectra were
recorded on normal emission with a light incidence angle
of 8j= 50° and measured at room temperature. The base
pressure in the ARP systems was ~3xlO"10 Torr.
Polished, (110) oriented single crystals of SrTiO3,
which were reduced by annealing in UHV at 800 °C for
several hours, were free from charging effect. Annealing
in UHV and O 2 were used to remove contamination. The
cleanliness of the sample surfaces was confirmed by
Auger electron spectroscopy. The sample geometrical
structure was checked using low-energy electron
diffraction.
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Results and Discussion
Normal emission spectra of SrTiO3(110) surface are
taken between 18 and 32 eV in the [001] (A|( | [001])
azimuth and [110] (A|| | [110]) azimuth. Four features in
this valence band are observed labeled E, F, G and H for
A, || [001] and I, J, K and L for A,, | [llo]. In the direct
transition model, these valence bands in the normal
emission spectra should arise from transitions involving
initial states with crystal momentum lying F-Z-M of the
bulk Brillouin zone for the (110) surface. In order to map
the bands, we assume direct transitions into a freeelectron-like
final
state
of
the
form:
E(k1)=(h2k12/8jt2m*)-VQ, where m* is the effective mass
of the electron, VQ is the inner potential referred to Ep,
and k^ is the component of the wave'-vector of the
outgoing photoelectron normal to the surface. VQ and m*
have been decided as empirical adjusting parameter to
obtain initial-state dispersion which is symmetric about
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Fig. 1 Empirical band structure of the O2p valence bands
along 2-line in the bulk Brillouin zone. Squares and
triangles are empirical band structure of Aj || [001] and
[110]). The calculated band structure (solid lines) using
APW method is included for comparison[2].
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Introduction
References
Magnetic circular dichroism (MOD) in the exciton
1) R. K. Ahrenkiel et al., Phys. Stat. Sol., b5X 603
region of Alkali Halides provides useful information
(1972).
about their related electronic structures. However,
2) R. Onaka et al., J. Phys. Soc. Japan, 5JL 1045
MCD studies in the VUV region have been severely
(1983); J. Phys. Soc. Japan, 12,, 3248 (1983).
limited because of their experimental difficulties.
3)T. Koideetal.,Rev Sci. Instrum., 6JL 1462
The pioneering MCD measurements
of KI and Rbl
(1991); PF. Act. Rep., Z 265 (1989).
were performed by Ahrenkiel1) and Onaka2).
4)
A.Yamada et al., J. Phys. Soc. Japan, 5_L 1520
Although they obtained effective g values (geff) at
(1982);
J. Phys. Soc. Japan, 5_3_. 3676 (1984).
fundermental exciton peaks, their results did not
agree with each other. We, therefore, decided to
20 measure the MCD of several Alkali Halides in order
(b).
Q
33
O
to settle the geff values of their exciton peaks. Since
0 Q.
we 3have already reported the results for KI and
- -20
Rbl ), we present here the recently obtained results
V
for KBr and RbBr.
cr -2 - -40
Experiment
We have measured MCD spectra of KBr and RbBr
in the energy region 6 ~ 9 e V at BL-11C. The
measurement was carried out at room tenperature as
well as at low temperature (30K). A calcium fluoride
stress modulator is used for a quarter-wave retarder
and linearly polarized synchrotron radiation from
Seya-Namioka monochrometer is converted to
50-KHz left and right circularly polarized light. The
detecter is a sodium salicylate-coated photomultiplier
specially designed for use under high magnetic
fields. The dc component of an output of the
photomultiplier is kept constant by controlling a
high voltage applied to the photomultiplier. The ac
component, which is proportional to the MCD signal,
is detected with a phase-sensitive technique.
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Results
Figure 1 displays MCD (in reflection) and
reflectance spectra of RbBr taken at 30K in the
region below 9.0eV. Spectra of KBr are similar to
those in Fig. 1. There are five excitonpeaks (®,(D,
©,©,©) and two weak structures ((D,©). The MCD
signals for each structures is proportional to the
logarithmic derivative of reflectance. Similar reuslts
are obtained for KBr. This indicates the validity of a
rigid shift model, thus allowing a direct derivation of
the geff for each transition without resorting to
Kramers-Kronig analyses. The obtained geff values
are tabulated in Table 1.
The assignments of the structures deduced from
the present geff values are consistent with those
determined from previous piezoreflectance
studies4^; ® and © are attributed to spin-orbit split
F excitons, ® to Te~- Ts+ interband thresholds, (D,
to L excitons.
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FIG. 1 (a) Reflactance spectrum of RbBr at 30K. The
spectral features are denoted by arrows, (b) MCD and
logarithmic derivative spectra of RbBr, - (AR/R) MCD
and (1/R) (dR/dE) respectively. The sign of the MCD
spectrum is reversed for convenience when making
comparison.
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RbBr (30K)

1.03

0.68 -0.88 -0.53

-0.47

RbBr(300K)

1.11

1.03

-0.46

-0.47

KBr(30K)

1.39

0.73 -0.77 -0.44

-0.32

KBr(300K)

1.11

1.03

-0.40

®

-0.81

©

-0.54 -0.44

©

Table 1. Effective g-values experimentally obtained at
room temperature and at 30K.
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Introduction
Diluted magnetic semiconductors Cdi_xMnxTe and
Zni_xMnxTe, have attracted considerable attentions because
of their novel magnetic and magneto-optical properties [1].
Recently, it has been reported that deposition of Mn onto
CdTe(l 10) surfaces yields interdiffusion across the interface
and leads to the formation of Cdi_xMnxTe surface alloys
[2,3]. In this study, we have measured the valence-band
photoemission of Mn-ZnTe(l 10) interface through Mn 3p-3d
resonance.

[3] N. Happo et al., Phys. Rev. B50, 12211 (1994).
[4] M. Taniguchi etal., Phys. Rev. B46,15789 (1992).
[5] H. Sato et al., unpublished.
[6] T.Mizokawa and A.Fujimori, Phys. Rev. B48, 14150
(1993).

Experimental
Photoemission measurements were performed at BL11D. Clean ZnTe(llO) surface was in situ prepared by
cleavage under 3xl0~10 Torr. Mn was deposited onto the
(110) surface. The Mn coverages 6 were determined with a
quartz thickness monitor.
Results and Discussion
Figure 1 shows photoemission spectra of MnZnTe(llO) interface as a function of 9. For each coverage,
thick and thin curves indicate the spectra measured just on
resonance (hv=50.0 eV) and at antiresonance (hv=47.5 eV),
respectively. Binding energy is referred to the Fermi level EF.
Peaks at 10.7 eV originate from Zn 3d core emission. With
increasing 0 from 0 to 1.0 A, Mn 3d-related peaks at 4.9 eV
grow up in the resonance spectra. For 8 >1.0 A, the emission
at EF is observed and the spectral feature gradually
approaches that of metal Mn [2] with 9. One notices that the
spectra for 6 below 1.0 A are apparently different from that of
metal Mn and close to that of bulk Zn!_xMnxTe [4].
Therefore, we assume a formation of Zni_xMnxTe surface
alloy as a result of the interaction of Mn atoms with
ZnTe(llO) surface. In comparison with the spectra of bulk
alloys [5], we have evaluated the x-values for surface alloys in
parentheses in Fig.l.

10
5
0
Binding Energy (eV)

units.)

Fig.l. Mn 3p-3d resonance spectra (thick curves) and
antiresonance spectra (thin curves) of Mn-ZnTe(llO)
interface at several Mn coverages 8.

Figure 2 shows the Mn 3d partial density of states
(DOS) of the Mn-ZnTe(llO) interface at 9 =1.0 A derived
from subtracting the antiresonance spectrum from the
resonance one. Binding energy is referred to the valence band
maximum. It should bo noticed again that the Mn 3d partial
DOS is similar to that of the bulk alloy [4]. All Mn 3d spectra
are almost unchanged for 9 below 1.0 A and consist of three
characteristic features; a main peak at 3.7 eV, valence bands
at 0-2.5 eV and a satellite structure around 8 eV [6]. The
relative intensities of these structures are almost independent
of 0.
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Fig.2. Mn partial density of states of Mn-ZnTe( 110) interface
at Mn coverage of 1.0 A.
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A-X Bands of CO: The Astronomical Situation
Carbon Monoxide (CO) is the second most
abundant interstellar molecule after H2. Because
the latter is homonuclear and has no dipole
moment, it does not readily absorb or emit
radiation and is difficult to observe. CO, on the
other hand, is easily detected and studied, and
therefore is used as a tracer of molecular material
in galaxies.
Estimates of CO abundances are,
however, poorly determined observationally and
not well understood theoretically. Incomplete or
inconsistent molecular parameters have contributed
to many of the difficulties in the past. As a
consequence,
the acquisition
of
improved
spectroscopic and photoabsorption cross section
data for CO at VUV and FUV wavelengths (91 - 140
nm) has been a major focus of our research
program using the 6VOPE spectro-meter on beam
line 12B.
Recently, absorption by interstellar CO was detected
by astronomers who used the Goddard High
Resolution Spectrograph on the Hubble Space
Telescope (HST) to observe the spectrum of the star
£Ophiuchi. This star is hot and its spectrum is very
similar to that of a "blackbody" at about 40,000 K.
Other observations have demonstrated that there
are a number of interstellar clouds between us and
^Ophiuchi. These clouds are detected and studied
through absorption features in the spectrum of the
background star.
Determination of molecular densities in these
clouds from the strengths of the observed
absorption features requires accurate oscillator
strengths (/-values). For the A ! n(v') - X ! I(0) bands
of CO observed on the line of sight to t^Oph,/-values
for the higher vibrational level bands (v'>12) are
needed. These lines are weaker and therefore less
saturated (i.e., the absorption is more proportional
to the density integrated along the line of sight)
than those of stronger absorption bands at longer
wavelengths.
A review by Morton & Noreau (1994) found a
number of discrepant oscillator strengths for the
A(v')-X(0) bands with larger v'. In particular, /values measured by Chan et al (1993) disagreed
with those of Eidelsberg et al (1992); there were
calculated values that supported each set of
experimental data. Consequently, the astronomers
could not use the literature /-value data to
constrain the conclusions from their observations,
but instead obtained /-value data from them: In
other words, the astronomers used the S1.5B HST to
perform measurements that should and could have
been done in the laboratory.

between
121 and
127 nm. This
unique
spectrometer, used in the 4th order of a 1200
grooves/mm grating, allowed us to study of the CO
absorption spectrum with higher resolution than
other groups could use. The methods used were
similar to those employed in our previous work
(Stark et al 1991, 1993), though we used a new
absorption cell, 52 mm long with 2 mm thick MgF2
windows, in order to improve control and
measurement of the density of the absorbing gas.
Pressures of 0.2 to 3 Torr were measured with a
capacitance manometer.
Our results (Smith et al
1994) support the experimental values of Chan et
al (1993) and the calculated one of Kirby & Cooper
(1989).
Intersystem bands of CO
Spin-changing 'intersystem' molecular transitions,
which are in principle forbidden by the strict rules
for electric dipole radiation, are observed when
molecular levels are perturbed. Federman et al
(1994) detected absorption by seven intersystem
bands of CO, a'(17), a'(14), a'(ll), d(12), d(7), e(5),
and e(4)-X(0), in limited observations with the
GHRS on HST of the line of sight to f Ophiuchi.
Many more such bands will be detected as HST
observations continue and as more wavelengths
and sources are observed. Quantitative use of these
bands in analyses of interstellar clouds will require
correct and complete fundamental spectroscopic
data.
The intersystem bands are weak and,
therefore, more likely than 'allowed' bands to be
unsaturated. Federman et al (1994) found that the
results of their observations were inconsistent and
pointed to the /-values as the most likely cause of
the discrepancies.
We made preliminary
observations of four of the intersystem bands
observed by Federman et al (1994). Other bands
were blended with the much stronger A-X bands.
Analysis of the data are in progress, as are plans
for additional measurements on CO cooled to 77 K,
at which temperature the blending should be
reduced. The authors thank W. H. Parkinson for his
assistance with this project, which was supported
by NASA grant NAGW-1596 to Harvard University.
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A-X Bands of CO: Observations and Results
At approximately the same time as the HST
observers were observing absorption by CO, we
used the 6VOPE to study absorption by the (11,0) (14,0) bands of the A-X system of CO at wavelengths
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Introduction

References

Crystalline Se consists of infinite spiral chains.
Each atom is covalently bonded to two nearest
neighbors within a chain and has four second nearest neighbor atoms in the adjacent chains. Pressure variation of the structural parameters of Se
reflects anisotropic character of the bonding]!]. In
order to study pressure dependence of intra- and
inter-chain bonding we measure EXAFS of Se under pressure up to lOGPa at room temperature.

[1] R.Keller, W.B.Holzapfel and H.Schulz,
Phys.Rev.B 16 (1977) 4404.
[2] J.J.Rehr, J.Mustre de Leon, S.I.Zabinsky and
R.C.Albers, J.Am.Chem.Soc. 113 (1991) 5135.

OGPa

Experimental
EXAFS measurements were performed using
MAX90, a cubic-type multianvil apparatus installed in BL-13B2 of the Photon Factory. The
sample was powdered and sandwiched between
two layers of a Scotch tape. It was inserted in
a hole of Boron-Epoxy cube. The synchrotron radiation was monochromatized by a Si(lll) double
crystal monochromator. The size of the incident
x-ray beam was reduced to 0.5 x 0.5 mm 2 . The
intensities of the incident and transmitted x-rays
were measured by ionization chambers.
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Fig. 1. The magnitude of Fourier transform of
kx(k), | F(r) |, for Se at various pressures.

Results and discussion
Figure 1 shows the radial distribution function
| F(r) | at various pressures, which were obtained
from Fourier transform of x(k) multiplied by k.
The first and second peaks correspond to the covalent bond length and interchain distance, respectively. The position of the second peak shifts
to lower r and the intensity of the peak strongly
increases with increasing pressure, whereas those
of the first peak are almost constant. We carried out Fourier back-transform of | F(r) | in the
corresponding region and fitted filtered spectrum
weighted by k3 using theoretical parameters tabulated in FEFF table[2]. Figure 2(a) shows the
first, second and third neighbor distances as a
function of pressure. The present values agree
with those determined by the high-pressure x-ray
diffractionfl]. Figure 2(b) shows the pressure dependence of mean square displacements r2 of the
first and second peaks. The mean square displacement of the first peak slightly increases with increasing pressure while that of the second peak
strongly decreases. These changes are attributed
to the weakening of the covalent bond and the
strengthening of the interchain interaction.
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Fig. 2. (a) First(circle), second(square) and
third (triangle) neighbor distances for crystalline
Se as a function of pressure. Lines indicate results of an x-ray diffraction study[l] (b)Mean
square displacements, r 2 , for first(circle) and second(square) peak as a function of pressure.
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Introduction
Cs£AuIAuIIIX6(X=Cl,Br,I) are well known as
perovskite-type Au mixed-valence compounds. In
these crystals, all the halogens are distorted
from the midpoint of the Au ions, and the linear
[Au'Cb]" and square planar [Au MI Cl4]~ complexes are formed alternately. Recently, we have
found a pressure-induced tetragonal-to tetragonal transition in the metallic phase.1' This
structural phase transition is regarded as a
band Jahn-Teller transition driven by the
Au1 •!''—>Au'' transition.
The purpose of this
paper is to investigate the behavior of the Au
valence state in CS2AU2CI6 under high pressure
from the analysis of the Au L3 near edge structure.

the bridging halogen Cl and the ligand-to-metal
o donation influence the Au valence state.
Both of them increase with increasing pressure.
Among them, the latter is responsible for the
decrease in the intensity of the white line. At
ambient pressure, considering only the nearest
neighbor Cl ions, the Au1 and Au 1 l ' are coordinated by two and four Cl ions, respectively.
When the pressure is increased, the bridging Cl
ions approach the midpoint of the Au1 and A u 1 "
ions. Consequently, the practical coordination
numbers of Au1 and Au1 " sites changes from 2
to 6 and from 4 to 6, respectively. The pressure induced a donation from the Cl ions in
[Au I M Cl4]' to Au1 and from the Cl ions in [Au1
CI2]" to Au1'' is presumably responsible for
the remarkable decrease in the intensity of the
white line under high pressure.

Experimental
The Au L3 near edge structure of CS2AU2CI6
under high pressure was measured by using MAX90,
a cubic-type raultianvil apparatus, installed in
the BL13-B2 station. The anvils used were made
of sintered diamonds having an edge length of 3
mm. BN was used as a pressure transmitting
medium in a boron-epoxy cube. The incident and
the transmitted beams were measured by ionization chambers filled with N2 and Ar gas, respectively.

- CsAuCI3
-0.5 .

300K

. 4.5 GPa

c

-1

0.8

Results and Discussion
Figure 1 shows the X-ray absorption near edge
structure (XANES) of Au L3 in Cs2Au2Cl6 at 0 and
4.5 GPa. The sharp line (called white line) at
the lowest energy side of Au L3 corresponds to
the allowed transition from 2p to 5d in Au ions.
Therefore, the intensity of the white line is
related to the density distribution of the unoccupied 5d states.
In the case of the Au mixed valence compound,
CS2AU2CI6, the white line consisting of those of
the Au' and Au''' ions cannot be separated. As
shown in Fig. 1, the intensity of the white line
at 4.5 GPa is remarkably weaker than that at 0
GPa, which indicates that the sum of the
valences of Au1 and Au 1 ! ' decreases with
increasing pressure.
This phenomenon is
explained as follows.
The charge transfer from Au1 to Au 1 '' through
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Fig. 1 Au-L3 XANES of Cs2Au2Cl6 a t
0 and 4.5 GPa. T = r . t .
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The powder mixture of the sample and BN filled
in the half volume of sample chamber and the
other half was filled with the powder mixture of
Ge and BN. Cell parameters were calculated by
the first neighbor distance of Ge-Ge in order to
estimate the pressure values. Intensities of the
monochromatized incident X-ray beam and those
of the transmitted X-ray were measured by
ionization chambers.

Introduction
The pressure-induced amorphization of some
silicates and germenates is likely to relate to the
coordination change of Si or Ge atoms.
Generally fourfold coordinated Si or Ge atoms
are stable at ambient pressure. The coordination
change tends to occur from fourfold to sixfold
under high pressure. Andrault et al. (1992)1}
conducted the in-situ XAFS measurements under
high pressure at room temperature by using a
diamond anvil cell (DAC) and found that the
coordination change of Ge atoms occurs on
CaGeO3-wollastonite from 7 GPa to 12 GPa.
They suggested that the coordination change
could lead to the pressure-induced
amorphization. On the other hand, Nagai
(1995)2) indicated that CaGeO3-wollastonite is
transformed into the rhodonite-form at about 6
GPa and that the X-ray diffraction pattern of the
rhodonite-form is maintained up to 15 GPa
without showing the amorphization. The
wollastonite-rhodonite transition progresses up to
673 K under high pressure. However, the Ge
atoms of CaGeO3-rhodonite are not sixfold but
fourfold coordinated. This inconsistency
between the diffraction data and the XAFS data is
a controversial problem. It is difficult to obtain
high resolution XAFS data using a DAC,
because the Bragg reflections of diamond anvils
interfere with the XAFS signals. Therefore, we
are performing supplementary XAFS
experiments under high pressure at room
temperature using a cubic anvil type apparatus
(MAX90) installed at BL-13B2 using sintered
diamond anvils, in order to avoid the Bragg
reflections and further conducting the preliminary
XAFS measurements under high pressure and
moderate temperature (from 293 K to 873 K).

Results
The XAFS data were obtained up to about 11
GPa at room temperature and from 293 K to 873
K at 8 GPa. The data analyses are in progress.
An example of a result of the Fourier transform
for Ge K-edge of CaGeO3-perovskite at 10 GPa,
873 K is shown in Fig. 1.
Ge-Ge

Ge-0

1
Ge-Ca

Ah

if

t

10 GPa

873 K

CaGeO 3

Distance (A)
Fig. 1. Fourier transform for Ge K-edge of
CaGeO3-perovskite at 10 GPa, 873 K. No phase
shift correction was made.

Experimental
Sintered diamond anvils truncated 3x3 mm
square were used and the pressure mediums
(6x6x6 mm3) were made of the amorphous
boron/epoxy resin. Carbon disks were used as
heaters and the sample temperature was
monitored with an almel-chromel thermocouple.
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Introduction
In the previous work,1-2) we found that
photon stimulated ion desorption (PSID) from
poly(methylmethacrylate) (PMMA) thin films
was highly dependent on the photon energy (hv)
near carbon and oxygen K absorption edges.
The photon energy dependence of CH3"1" ion yield
showed a remarkable difference from the
absorption spectrum, indicating a clear evidence
of site-specific photochemical reaction in PMMA.
There are two methyl groups in PMMA; one is
bonded to the main chain and the other one is to
the end of side chains. Therefore, it was difficult
to distinguish experimentally from which
chemical site the observed CH3+ ions originate.
In the present experiment, we measured hv
dependencies of CH3+ion yields near oxygen Kedge for poly (methyl aery late) (PMA) and
poly(methacrylic acid) (PMAA) which, in
contrast to PMMA, have a methyl group at the
end of side chain and at the main chain,
respectively.

530
535
540
545
PHOTON ENERGY (eV)

Fig. 1 PIY spectra of CH3+ ions near OK-edge for
poly(methy] methacrylate)(PMMA), poly(methyJ acrylate)
(PMA) and poly(methacrylic acid)(PMAA). Total electron
yield (TEY) spectrum of PMMA is compared in the upper
panel.

Experiment and Results
The experiments were performed at the beam
line BL13C at the Photon Factory of The
National Laboratory for High Energy Physics.
The PSID ions were measured with the
previously described time-of-flight (TOF) mass
spectrometer using pulsed soft x-ray during
single-bunch operation of the storage ring. The
thin polymer films (thickness < 100 A) were
prepared by spin-coating onto Au-evaporated
Si(100) wafers.
Figure 1 compares hv dependencies of CH3+
ion yields (PIY) from PMMA, PMA and PMAA
near oxygen K-edge, where the total electron
yield (TEY) spectrum of PMMA is also shown.
In the TEY spectrum, there are four absorption
features A, B, C and D. The feature A can be
ascribed to the electronic transition of Ols(C=
O)-*Jt* (C=O), B to Ols(O-CH3)-»rc* (C=O)

and Ols(C=O)-*a* (C-OCH3), C to Ols(OCH3) -»o* (O-CH3), and D to Ols(O-CH 3 )
-»-a*(C-0CH3) .2) In the PIY spectra of CH3+>
PMMA and PMA show an intense peak at hv
corresponding to the absorption feature C, while
PMAA gives a faint peak. The results lead to a
conclusion that CH3+ observed by the excitation
of PMMA with hv«536eV [Ols(O-CH3) ^cr*
(O-CH3)] originates from the CH3 group bonded
to the end of the side chain.
References
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Introduction
New types of carbon structures such as carbon nanotubes
and fullerenes attract much interest to their electronic properties because of the unique structural features. The band
structures of the single-shell nanotubes and fullerene molecules have been calculated, some of the results being compared with measured spectra for unoccupied orbitals l\ In
this study, we present XANES of the carbon nanotubes as
compared with those of fullerenes, C60 and C70.

which reduces the interaction among the n orbitals in the
nanotubes.

Experimental
The preparation procedure of carbon nanotubes and
fullerenes used in this study was described elsewhere2).
The XANES spectra were recorded by monitoring total
electron yields at BL13C. The energy resolution (E/AE) at
the C K-edge was about 1000 with the entrance and exit slit
width of 50 |am.
Results and Discussions
Figure 1 shows the XANES spectra of the nanotubes and
fullerenes. Each spectrum exhibits different features in the
region between 285 eV and 290 eV, which are assigned to
ls-7i* transitions l). In contrast to the XANES of
fullerenes with plural sharp features, the XANES of the
nanotubes displays a sharp, intense feature at 284.5 eV with
two broad features at 287.7 eV and 288.7 eV. The latter
two features cannot be assigned to ls-rc* transition but assigned to interlayer bands3) with a symmetry by an analogy
to HOPG 2). The nanotubes used in this study were observed as concentric multi-layer tubes consisting of sixmembered rings alone, with diameters of a few tens of
nanometers and length of a few micrometers by a microscopic technique 2). The almost infinitely long graphitic
structure yields degeneracy of n bands, resulting in an
analogous ls-rc* XANES feature to HOPG shown in Fig. 2.
The XANES features of the nanotubes are almost identical with that of the HOPG measured with the incident angle
of 30 degree except the interlayer bands. However, taking
into account the random orientation of the nanotubes, the
spectrum should be compared with that of HOPG measured
with the incident angle of 55 degree. The comparatively
low intensity of the ls-7t* transition in the XANES of the
nanotubes may be attributed to the curvature of the sheets

290
300
310
320
Photon Energy / eV
Fig. 1 The XANES spectra of (aJQa, (b)C70> and (c)nanotubes.
All the spectra were normalized in the intensity at 310 eV.
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Fig. 2 The XANES of HOPG with different incident angles.
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INTRODUCTION
X-ray photoelectron spectroscopy (XPS) is often
used for surface analysis by which lots of chemical
information is obtained. However, by use of
conventional x-ray sources, such as Mg Ka (1253.8
eV) or Al Ka (1486.6 eV) emissions, high surface
sensitivity cannot be achieved in some cases
because of large inelastic mean free paths (IMFP).
For instance, subshell electrons such as Si2p or
A12p with binding energies at about 100 eV have
IMFP larger than 30 A." The use of low energy
x-rays from SR enhances the surface sensitivity by
choosing the most appropriate incident energies.
Furthermore, SR enables non-destructive depth
profiling by changing the incident energy for XPS.
The present paper describes preliminary results on
depth profiling of around the surface of zeolite
particles.

times higher than that at excitation by conventional
Mg Ka x-rays.4> Thus, highly surface sensitive
spectra are obtained without long-time data
acquisition.
Figure 2 shows the change of Al/Si ratio with
incident x-ray energy. The steep increase of the
ratio with incident energy below 400 eV indicates
the Al enrichment at the external surface of the
zeolite particles. Further analysis is being
conducted to obtain the quantitative depth profile.

120

80
40
Electron energy (eV)
Fig. 1 XPS spectrum of zeolite at 184 eV excitation
0.8

EXPERIMENTAL
All the experiments were carried out at the BL13C2' coupled with a multi-purpose analytical
chamber with a hemispherical electron analyzer3'.
The zeolite sample used in the present paper was
faujasite-type with a Si/Al ratio of 9.6. To minimize
the charging, the zeolite powder was dispersed on a
stainless steel plate.

200

400
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800
Incident energy (eV)
Fig. 2 Change in Al/Si ratio with incident energy
1) S. Tanuma, C. J. Powell and D. R. Penn, Surface and
Interface Anal., 21,165 (1993).
2) Matsubayashi, H. Shimada, K. Tanaka, T. Sato, Y.
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Imamura, T. Sato, Y. Yoshimura, T. Hayakawa, K.
Takehira, K. Tanaka, and A.Nishijima, Rev. Sci.
Instrum., in printing.
3)N. Matsubayashi, I. Kojima, M. Kurahashi, A.
Nishijima, A. Itoh, and T. Utaka, Rev. Sci. Instrum., 60,
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4) J. J. Yeh and IrLindau, Atomic Data and Nuclear
Data Table, 32,1 (1985).

RESULTS AND DISCUSSION
Figure 1 shows the XPS spectrum measured
with an excitation energy of 184 eV. The
spectrum exhibits photoelectron peaks
corresponding to the important constituent elements
of zeolites. When the incident energy is as low as
200 eV, photoionization cross sections for these
subshells are very high. For instance, the cross
section for Al 2p at 200 eV-excitation is hundred
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Introduction
Metal nitrides which posses high hardness and
corrosion resistance character have been applied to the
surface-coating films of many kinds of tools. The surface
oxidation of nitride films which affects the properties of
the films have been studied by means of x-ray
photoelectron spectroscopy(U). However, the surface
oxidation mechanisms are not yet clarified.
The purpose of this study is to clarify the surface
oxidation behavior of chromium nitride films which have
been reported to be superior to TiN films from the view
point of the oxidation resistance.
When a conventional AlKa x-ray source (h v
=1486.6eV) is used, inelastic mean-free-path for Nls is
approximately 20-30A which is not suitable for the
discussion on the surface oxidation mechanisms at the
initial stage. Thus, we have employed SR x-ray source
(h v =772eV) by which the inelastic mean-free-path for
Nls is approximately 10-15A.

transition was observed at a higher energy than the N2pCr3d peak. The sharp peak indicates that the
intermediate is not oxynitride but interstitial nitrogen.
The above results indicate that with replacement of
nitrogen in chromium nitride by oxygen the released
nitrogen occupies the interstitial position in the
chromium oxide matrix as molecular or atomic nitrogen.
A part of the interstitial nitrogen in the chromium oxide
matrix is evolved from the surface with further progress
of oxidation. Oxynitride species, described as CrNxOy,
are not likely formed during the course of the surface
oxidation.
x6

300*C

~

as-received

Materials and methods
1

404

The CrN films were deposited onto austenite stainless
steel by cathode arc ion plating method at 500 °C under
5xlO"6Pa(3). These samples were obtained by oxidizing
the films under an ambient atmosphere at 300 °C and
400 "C for an hour. All the XPS and XAS measurements
were performed at the BL-13C(4>5). The excitation energy
used for the XPS measurements was 772eV. The XAS
spectra were recorded in the total-electron-yield mode.
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Fig. I Nls XPS spectra of as-received and oxidized
CrN thin films excited by SR x-ray (h > =772eV)

Results and discussion
Fig.l shows the Nls XPS spectra of as-received and
oxidized CrN films. In the spectrum of the as-received
film, a small peak is observed at 398.9eV which may be
assigned to nitrogen or nitrogen monoxide, besides the
main peak at 396.2eV which is assigned to N 3 ' of CrN.
The ratio of the small peak to the N 3 ' peak increased
with progress of oxidation. In the spectrum of the sample
oxidized at 400°C, a new peak was observed at a higher
binding energy at 402.2eV.
Fig.2 shows the N K-edge XAS spectra of as-received
and oxidized CrN. N2p-Cr3d and N2p-Cr4sp peaks
assigned to chromium nitride were observed in the
spectrum of the as-received sample. In the sample
oxidized at 300°C, a sharp peak assigned to ls-n*

.1.SII

41)11

4;i)

441)

Phulim Energy (oV)
Fiu.2 N lC-edgc x-ray absorplion spectra of
as-received and oxidized CrN thin films
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Introduction
Anomalous scattering is one of the
powerful physical characteristics that
utilize the phase information and the
choice of a structure and its enantiomorph
in the protein crystallography1).
The
precise measurements of the diffraction
data allow us to use the anomalous
scattering in practically. In the natural
proteins, many electron transporting
proteins have atoms that have anomalous
scattering. Among them, ferredoxin from
Sulfolobus acidocaldarius is one of the
most interesting one because the organisms
are found in the critical environment
which is very low pH and high
temperature.
The ferredoxin has two
iron-sulfur clusters. Using the anomalous
scattering, we tried to solve the structure
of the ferredoxin.
Experimental
Crystallization of the ferredoxin, Mr
10,908 excluding the clusters, was done by
the batch method2). The tetragonal crystal
belongs to the space group P432i2 or
P4]2l2 with the cell dimension of a=
b=50.12A and c=69.52A. The recordings
of the diffraction images on the imaging
plates were carried out with the oscillation
method using BL-14B station in the Photon
Factory.
The recorded images were
digitized by using BAS2000 image
processor.
The wavelength used are
1.743, 1.740, and 1.500A. The collected
intensities were successfully processed by
the Rossmann's programs system3). The
obtained r.m.s.(IAFI)/r.m.s.(F) were 0.04,
0.06, and 0.07, respectively, over 10 - 5 A
resolution.
263

Results
To obtain the phase information,
location of the iron-sulfur cluster had been
examined by using the Patterson function
with using the anomalous scattering effects
of the present crystal at 5 A resolution.
The anomalous difference
Patterson
function that calculated with single wave
length indicated that there are several
reasonable peaks that corresponding to the
iron-sulfur cluster (Fig. 1).
The
interpretations of those peaks are
underway.

U 05
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}
Fig. 1. The Harker sections of anomalous
difference Patterson map.
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Introduction
Silver halides which are classified as ionic bonded
compounds actually exibit the intermediate properties between ionic and fully covalent bonded materials. The results of our neutron diffraction measurements show that the structure factor of molten Agl
has a small prepeak around 1 A" 1 and that the prepeak intensity has a maximum value around molten
(AgBr)o.5(AgI)o.5[l,2]. These results suggest the existence of a cluster in the molten mixtures. It is interesting to study partial structures in the molten mixtures. In additon, there is a problem that the structure
obtained from XAFS spectra of largely disordered systems does not agree with the result of diffraction measurements. In this study, we have measured XAFS
spectra of molten Ag halides and those mixtures.
Experimental
XAFS measurements were carried out about Agand I-K absorption edges by a transmission method using the spectrometer installed at BL14A. Si(311) and
Si (553) double crystal monochrometers were used. The
sample thickness in each fused quartz cell was adjusted
to the values from 50/xm to 180/xm which give the edge
jump of about 1. The sample was melted under He
atmosphere to eliminate bubbles from the melt.
Results and discussion
Figure 1 shows normalized XAFS oscillations around
Ag-K edge, x(fc), of molten Ag(Br!_xIx) near the melt—i
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ing temperature. Clear oscillations are observed for
molten Agl and the amplitude of oscillations is large
in low k region. On the other hand, the amplitude of
x{k) for molten AgBr is small, which suggests large
fluctuations in Ag-Br ionic distance. With increasing
Agl concentration, the amplitude becomes large.
Figure 2 shows \{k) around I-K edge of the molten
mixtures. Note that the maximum concentration of
AgBr is 0.8. The ,\(fc) around I-K edge for the molten
mixtures show similar patterns. However, the first
peak of molten Ag(Bro.4Io.6) »s slightly shifted towards
larger k. This result may be correlated with the maximum of the prepeak intensity obtained from our neutron diffraction measurements.
The nearest neighbor ionic distances obtained from
curve fit analysis based on a Gaussian model are about
0.2 A shorter than those obtained from the neutron
diffraction measurements. The first nearest partial
coordination numbers are also inconsistent with the
result of the neutron diffraction. A further analysis
is now in progress to obtain partial structures in the
molten mixtures.
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Figure 2: x(*0 of molten Ag(Br 1 _ a; I x ) around I-K edge.

93-G028
EXAFS STUDY OF THE a-Agl PHASE
STABILIZED AT ROOM TEMPERATURE IN A GLASS MATRIX
Francesco Rocca
Centro CNR di Fisica degli stati aggregate, 1-38050 Povo (Tn), Italy

Giuseppe Dalba, Paolo Fornasini
Dipartimento di Fisica dell'Universitd di Trento, Povo (TN), Italy

Francesca Monti
Facoltd di Scienze, Universita di Verona, Italy

Tsutomu Minami, Masahiro Tatsumisago, Naobi Torata, Motoaki Adachi
Osaka Prefecture University, Dept. of Appl. Mat. Sciences, Sakai-Osaka, Japan

Syunji Kishimoto
Photon Factory, Nat. Lab. for High Energy Physics, Tsukuba, Japan

I. INTRODUCTION
The superionic a-Agl phase of c-Agl has been recently
stabilized at room temperature in a new superionic glassy
composite, 80AgI • 15Ag2O • 5B2O3 (a-Agl composite)
[1]. In this experiment, the local structure around Iodine
has been studied by temperature dependent EXAFS measurements at the Iodine K edge in the a-Agl composite
and, for comparison, in the superionic pure glassy matrix
65.3AgI • 26Ag2O • 8.7B2O3 and in c-Agl. Data analysis
was performed by the cumulant method [2], which allow
a model independent characterization of the thermal and
static disorder.
II. EXPERIMENTAL
Absorption spectra were recorded in the transmission
mode at the beam line 14A. The electron-beam energy
was 2.5 GeV and the maximum stored current 380 mA.
A Silicon (533) double crystal monochromator was used.
The temperature range explored extended from 10K to
300K for the a-Agl composite and from 10 K to 463 K
for the c-Agl, while the superionic glass was measured
only at 10K and 300K.

the first-shell EXAFS were then separately analyzed by
the cumulant method [2], taking the 10K spectrum of/3Agl as a harmonic reference. By studying the temperature dependence of the cumulants, the thermal and static
contributions to disorder have been separated. In all of
the systems considered, the thermal disorder shows an
analogous temperature dependence, suggesting a similar
local vibrational behaviour. However, a large contribution from static disorder is found in pure glass and in the
glassy portion of the composite material. Tor c-Agl, the
values are in good agreement with those previously obtained from the analysis-of Ag K and I L3 EXAFS [2]. The
present results on the glassy samples essentially confirm
previous findings [3]. Work to separately determine the
contributions from the a-phase and the glassy network
in the a-Agl composite is in progress.

[1] M. Tatsumisago, Y. Shinkuma and T. Minami, Nature
354, (1991) 217.
[2] G. Dalba, P. Fornasini and F. Rocca, Phys. Rev. B 47,
(1993) 8502.
[3] G. Dalba, P. Fornasini, F. Rocca and A. Tomasi, Sol. State
Ionics 53, (1992) 1253.

III. RESULTS AND DISCUSSION
The EXAFS signal was extracted from the absorption
coefficient according to the conventional procedure [2].
Figure 1 shows the EXAFS signals, kx{k), for the three
compounds at 10 K and 300 K. A reasonably good signal
to noise ratio was achieved below 11 A" 1 for all the spectra at all temperatures. The fc3x(*0 EXAFS signals
were Fourier transformed in the range 2.7-11 A" 1 and
the first-shell peaks backtransformed to separate the corresponding contributions. The phase and amplitude of

10

15

FIG. 1. EXAFS signals kx(k) at 10 K (upper curves)
and 300 K (lower curves), (a), c-Agl in the /3-phase; (b),
a-Agl composite (80AgI-15Ag2O-5B2O3) and (c), pure glass
(65.3Ag/ • 26Ag2O • 8.7B2O3).
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Introduction
The bimetallic Pt-Sn/SiO 2 catalysts prepared by the
selective bimetallic CVD reaction of Sn(CH 3)4 and Pt
metal particles on SiO2 exhibit much higher activity
than the monometallic Pt/SiO2 catalyst for NO
dissociation and unsaturated nitrile synthesis from NO
and hydrocarbons (nitroxidation).!' In this work, the
structure of Pt-Sn bimetallic ensemble was investigated
by EXAFS. We considered the model structure
combined with other characterizations and the reason
for these promoting effect.

These results leads to the bimetallis ensemble model
structure as shown in Figure 2 , These distances are
shorter than expected from Pt-Sn alloy structure, maybe
due to the higher Sn concentration or simple DebyeWaller factor estimation.
Pt-Sn bimetallic ensemble, as shown in Figure 2,
seems to stabilize the allylic species derived from
alkene dehydrogenation, which play an essential role
for selective unsaturated nitrile synthesis. It also works
for dissociating NO bond and these nature lead to the
selective unsatturated nitrile synthesis.

Experimental
A Pt/SiO2 (1.7 vvt% ) catalyst was prepared by a
conventional impregnation method with aqueous
solution of H2PtCl6 • 6H2O, dried at 373 K, calcination
at 773 K in air and reduced with H2 at 673 K. Pt-Sn
SiO2 catalysts were prepared by the reaction at 423 K
between Sn(CH3)4 vapor and Pt/SiO2.. 2CH4 per Sn
were evolved during the reaction. No Sn(CH 3)4 reacted
with SiO2 at this temperature. All residual carbon
species were removed as CH 4 by reduction with H 2 at 5
73 K. The catalysts were reduced again at 673 K in situ
before each run. Nitroxidation reactions were carried
out in a closed circulating system. EXAFS spectra of
these catalysts were measured at BL-14A (Sn-K edge)
and BL-10B (Pt-LIII edge) for each reaction step. The
EXAFS spectra were analyzed by the program "Rigaku
EXAFS". The FEFF code 5.05 was used for curve
fitting analysis of Sn-Pt and Sn-Sn bonds. 2>

0.0

0.1

0.2 0.3 0.4
Distance / nm

Fig. 1. The Fourier transform of k 3 /(k) of Sn K-edge
EXAFS oscillation for Pt-Sn'SiO 2 catalysts (Sn. Pt =
0.2).

Results and Discussion
Figure 1 shows the Fourier transform of k 3 x(k) at Sn
K-edge EXAFS data for Pt-Sn/SiO 2 (Sn'Pt = 0.2 atomic
ratio) catalyst. The peak around 0.1-0.3 nm is due to
the Sn-metal bonds.
The curve fitting analysis
indicated that these bonds are due to the Sn-Pt and Sn
Sn. The bond distances were 0.263 nm for Sn-Pt and 0.
260 nm for Sn-Sn, respectively. Surface Sn/Pt ratio
was estimated to be Sn'Pt = 1.5 for the ensemble
completion, according to the
CO adsorption
measurement on Pt'SiO2 and Pt-Sn'SiO2 catalysts,

Fig. 2. The Pt-Sn bimetallic ensemble model structure;
Sn-Pt: 0.263 nm, Sn-Sn: 0.260 nm.
References
1) T. Inoue, K. Tomishige and Y. Iwasawa,
J. Chem. Soc; Chem. Comuuin., in press.
2) J. J. Rehr, J. M. Leon, S. I. Zabinsky and R. C. Albers,
J. Am. Chem. Soc., 113,5135(1991).
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with that of ijfoc ' n R^CsCgo which exhibits the decrease
around Tc. ^
The a(2) increases monotonically above 11 K. No
anomalous behavior was found around Tc The solid curve in
Fig. l(b) is fits of a(2) in all temperatures to an Einstein
oscillator model, yielding the Einstein temperature 0 E =330 K
(cog = 230 cm"1). The cog is 1.5 times higher than that for the
tetrahedral Rb-C determined by Rb K-edge EXAFS.5 The wg
for the tetrahedral Rb-C shifts lower near TCy implying the
softening of lattice. However, such a softening has not been
observed around the octahedral Cs+ ion.
The behavior of the octahedral rc S -C around Tc suggests the
importance of anharmonic moment, o(3). The preparation of a
sample with the Cs + ion occupying only the octahedral site is in
progress, in order to perform the analysis taking into account the
anharmonic moments.

Introduction
X-ray diffraction technique revealed that alkali-doped C™
superconductors AJBC^ (A and B indicate alkali metals) have
a face-centered-cubic lattice (f.c.c.) at room temperature, where
alkali metals occupy the octahedral (1/2,1/2,1/2) and tetrahedral
(1/4,1/4,1/4) sites.^-2 It has been generally considered that a
metal ion with larger ionic radius occupies the former site, and
that with smaller ionic radius the latter site. However, we have
found from the Cs K-edge EXAFS spectra of Rt^CsCgo 3 and
Na2CsC6o^ that the Cs+ ion occupies both octahedral and
tetrahedral sites; in Rt^CsCgrj a t 19 K, 17 % of Cs+ ion
occupies the tetrahedral site 3 .
In the present work, the temperature dependence of the local
structure around the octahedaral Cs + ion in Rl^CsCgo is
investigated in order to clarify their behavior around Tc.
Experimental
Preparation of Cgo and Rt^CsQjo was previously described in
details.3"5 Tc was ascertained to be 31.5 K by SQUID
magnetometer (SHE VTS900). The EXAFS measurements were
performed using synchrotron radiation of the Photon Factory at
the National Laboratory for High-Energy Physics (KEK,
Tsukuba).^ Cs K-edge X-ray absorption spectra were collected
in transmission mode, using BL-14A with two Si(553) flat
crystal monochromators.The sample temperature was regulated
using a closed-cycle He refrigerator (Cryomech CP510)
equipped with a temperature controller (Tristan Technologies
LTC-10), and was detected on the sample cell with a (Au-0.07
% Fe)-chromel thermocouple.
The programs "XAFS93" and "MBF93" were employed for
EXAFS data analysis7>8 The magnitude and imaginary part of
Fourier transform, <5(r), were obtained from the EXAFS
oscillations k^xOO?
In order to determine the structural parameters, the Fourier
filtering technique was employed.6 A non-linear least-squares
fitting was applied to the filtered data according to the following
theoretical equation 7

300

L

0.008
0

Results and Discussion
The two-shell fitting by dividing into the tetrahedral Cs-C and
octahedaral Cs-C was employed in the parameter fitting. The
wp 'S of Cs+ ion at the tetrahedral and octahedral sites were
fixed to 0.1 and 0.9 in all temperatures, respectively; the
analysis involving the anharmonic Debye-Waller terms was
impossible. The N around Cs + ion was fixed to the
crystallographic values, 24 for the tetrahedral site and 12 for the
octahedral site. L2
The octahedral rc s _c w a s determined to be 3.78(2) A at 11
K. The value is rather close to that predicted based on X-ray
diffraction data, 3.80 A.l>2 xhe temperature dependence of the
octahedral rc S -C and °(2) are shown in Fig. l(a) and (b). The
r
Cs-C increases with decrease in temperature below 100 K and
reaches a maximum around 40 K. Trie behavior is in contrast

50

300

Fig. 1. Plots of (a) rc s _c and (b) o(2) versus temperature T
(10-300 K) for the octahedral
References
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Introduction
Solid methylammonium iodide is known to exist in
four different forms named a', 51), j3'2), and e3), Phase a'
stable at room temperature has a tetragonal structure
(P4/nfnm). 4 ) The C-N axis coincides with a four-fold
rotation axis in the crystal, and hence the cation is
orientationally disordered about this axis. Phase S is a
metastable one existing below 166 K. The stable phase,
P', is obtained by cooling the salt under a high pressure
(200 MPa) or by annealing it around 200 K for a long time
(5 days ~ 3 months). Phase e is an ionic plastic phase
forming the CsCl-type cubic structure.
The a' - 8 transition is reversible for cooling and
heating processes at ambient pressure so long as the
sample is carefully purified and dried. This transition is of
a higher-order nature and interpreted as an order-disorder
process of the CHqN^" 1 " ion about the C-N axis.5) The
dynamical behavior of the cation was studied by *H
NMR 3 ) and anomalous cationic motion was found from
the temperature dependency of ^H spin-lattice relaxation
time in the a' - 8 transition region from ca. 130 to 170
K. In the present paper, we investigated the temperature
dependence of the local structure around I" ion in Phase a'
and 8 in order to further clarify the nature of the a' - 8
phase transition.
Experimental
CH3NH3I was prepared in the same way as that for the
*H NMR study.3) Iodine K-edge X-ray absorption spectra
were collected in the transmission mode at BL-14A of the
Photon Factory (KEK, Tsukuba) in the temperature range
of 30 -297 K. The incident beam was monochromatized by
Si(553). The sample temperature was regulated using a
closed-cycle He refrigerator (Cryomech CP510) equipped
with a temperature controller (Tristan Technologies LTC10). The temperature was observed by a silicon diode
sensor. The programs "XAFS93" and "MBF93" were
employed for EXAFS data analysis.7)

Results and Discussion
In Fig. 1, the imaginary parts and magnitudes of the
radial structure function, <I>(r), are shown. Comparing the
crystal structure of Phase a' 4 ) and 5,^) a pronounced
peak around 3 A was attributable to the C and N
neighbors of the I" ion. The best fitting analysis for the
peak was carried out using a 2 shell model and a restricted
4 shell model (the Debye-Waller term a^2) is limited to
one kind for each C and N scattering atom) in Phase a'
and 8, respectively. In the fitting calculation, the
parameters r| and AEQ were fixed to the values evaluated
from the EXAFS spectrum at 30 K and the crystal data of
Phase 5.6) The temperature dependence of a' 2 ) is shown
in Fig. 2. o^2) in Phase 5 increased gradually with
increasing temperature from 100 K. The sudden decrease
in a^ 2 ) was observed near the transition point. This
anomalous behavior is considered to relate to the change
of the librational motion of the cation due to the
transition.
References
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Fig. 2. Temperature dependence of a@) (O for the N
scattering atom and O for the C scattering atom)
in Phase a' and 5 of CH3NH3I.

Fig. 1. Radial structure function, <J>(r), for the I K-edge of
CH3NH3I at 297 and 30 K.
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Introduction
Partitioning of cations between the M(l) and
M(2) s i t e s in a pyroxene crystal is supposed to
reflect the temperature at which the crystal
attained thermal equilibrium. In the presentstudy,
the distributions of Fe z+ and Mg2+ ions over the
M(l) and M(2) s i t e s were determined by singlecrystal X-ray diffraction on the diopside solidsolution of the system CaMgSi206(Di)-CaPe3+AlSi06
(Es),
employing the anomalous dispersion technique related to the Fe K absorption edge.

dispersion terms
by Sasaki 3 '.

Results
The populations of Fe 3 + ions obtained from the
data of 0.750 A radiation are 0.365 at the M(l)
site and 0.022 at M(2), indicating practically
complete localization of Fe 3 + at M(l). Difference
Fourier synthesis was carried out utilizing the
differences of the observed structure factors
obtained with 1.745 and 0.750 A radiations for
the coefficients. Fig. 1 shows the section of the
map through the plane z=l/4,on which the M(l) and
M(2) sites lie. The deep depression of electrondensity observed at M(l) unequivocally indicates
the localization of Fe 3 + at the M(l) sites.

Experimental
Crystals of diopside solid-solution containing
Es components were synthesized from a mixture of
reagent grade SiO2, MgO, Fe 2 0 3 and A12O3, and
CaC03 for alkali t e s t s in the molar ratio of Di70
%-Es20%. From the results of EPMA, the composition of the crystal chosen for structure analysis
was
assessed
as
(Alo.4BsSii.547)06.

were taken frotnthe table given

1

>b

Cao.9 9sMgo.5 2 9 F e o . 3 8 7 A I 0 . o s e
The c r y s t a l was confirmed t o

have a diopside-type structure with the space
group C2/c, and a=9. 774(6), b=8. 865(8), c=5.303(3)
A, /3=105.94(4)° and V=440.5(6) A3. The crystal
was shaped into a sphere with the diameter of 60
j«m for intensity collection.
Intensities were
measured on the four-circle diffractometer installed at BL-14A with two wave-lengths 0.750(1)
and 1.745(1) A, the latter being a l i t t l e longer
than the Fe K absorption edge. Absorption corrections were carried out by u t i l i z i n g the absorption coefficents given by S a s a k i " .
No corrections were carried out for polarization. In total
3108 and 124 crystallographically independent
intensity data, which satisfied the condition
Fo I ^3CT ( I F O I ). were obtained with the beams
of wavelengths 0.750 and 1.745 A, respectively.
The structure was refined with the least-squares
method s t a r t i n g from the atomic parameters given
by Tabira et a l . 2 ) for a crystal of diop^ide
solid-solution containing Co. The final R and Rw
values were 0.028 and 0.035 for the reflection
data collected with the 0.750 A radiation, and
0.037 and 0.049 for the other data.
All the

G

Fig. 1. A section of the difference Fourier map
synthesized with the coefficients, Fo(1.745 A ) Fo(0.750 A), through the plane z=l/4.
References
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(RDF) curves, RDF peaks appear at lower r posiIntroduction
tion than real position. In the figure, each
It has been reported by Ivanov et al.
sample except t-GeO
crystal has a peak at
that,
in the relation between composition and
"1.40A.
The
first
peak
for t-GeO2 crystal is
physical properties such as density and refraclocated at larger distance as 1.55A, because the
tive index of alkali germanate glasses, a peak
Ge-0 distance in octahedral GeO g is longer than
appears when the alkali content is increased,
that of tetrahedral GeO 4 . The first peak for
which is now known as "germanate
anomaly". The
h-GeO,,
crystal,
gels
iis
a
broader
uruauci'
than
tiian
that
vnu t of
u*
U
~ <JGV;_
structure of melt-derived germanate glasses is
suggesting that two types of coordination states
known to be constructed by two types of coordiexist in these samples. At the lower side of the
nation polyhedron,i.e, GeO 4 and
Meltsecond peaks of
gels, a small and broad peak
derived GeO, glass consists of four-fold coordiappears with increase
of Na 0 content. The
nated Ge atoms, and the addition of alkali oxide
phenomenon may be explained in terms of the
such as Na 0 to GeO glass causes the formation
edge-shared GeO g octahedra
in those samples.
of six-foHJ coordinated Ge atoms till alkali
Table 1 shows the coordination number of Ge
content amounts to 20 mol% where the fraction of
atom, the corrected inter-atomic distances and
the six-fold coordinated Ge is 25%. In general,
Debye-Waller
factors, respectively,
obtained
structure with ions or atoms in low coordination
from non-linear least square fitting of the
state is favorable at high temperatures, and at
first RDF peak. The fraction of six-fold coordilow temperatures structure with high coordinanated Ge atoms is much more than that
of melttion state is preferred. Therefore, it is exderived glass of the same composition.
pected that Na O-GeO gels prepared by sol-gel
References
method, which enables the low temperature processing of glasses, may contain larger amount of
1) A. 0. Ivanov and K. S. Evstropiev ; Dokl.
six-fold coordinated Ge atoms than melt-derived
Akad. Nauk, SSSR, 145(1962)797
one. With such a background, a sodium germanate
2) K. Kamiya, T. Yoko, Y. Itoh and S. Sakka ;
gels were prepared by sol-gel method, and the
J. Non-Cryst Solids, 9_1(1987)279
coordination state of Ge atoms in the gels was
examined by Ge-EXAFS
using high luminous Xray at the Photon Factory.
Experimental
High purity GefO-CjB " ) 4
(99.999 %) and
NaOCH,
(28wt%
in methanol) were
used as
starting
materials.
The alkoxide
mixture
<a
corresponding
to the oxide
composition of
xNa 0-(lOO-x)GeO
(x=10,15,20mol%) were diluted
with anhydrous ethanol, and then another solution consisting of water, HC1 and ethanol was
added dropwise to the former solution while
stirred and cooled in the water/ice bath. The
molar ratio of water, ethanol and HC1 to Ge
alkoxide was 2.0, 20 and 0.005, respectively, in
the final solutions. The mixed solutions were
kept standing in the room for gelation in a
tight-sealed container. These solutions set to
gels in two days. After aging in the room for
one day, these gels were transferred to 60°Coven for drying. The specimens were X-ray amorphous.
In the neighborhood of the Ge
Kabsorption edge (11.1036keV), X-ray absorption
Figure
1. RDF curves of sol-gel
derived
measurement of the samples were performed at BLxNa 2 0-(100-x)Ge0 2 gels
14A. White X-ray generated by synchrotron was
monochromated using Si(311) crystal monochromater. Two ionization chambers were used to detect
the incident and transmitted beams. Hexagonal
Table 1. Result of non-linear least square
GeO
(h-GeO ) crystal was used as reference of
fitting
four-fold coordinated Ge
ion, and tetragonal
GeO (t-GeO ) crystal as that of six-fold coorNa2O
ri
O 2
a ,
Nc GeO,,
dinated one.

0

Results
Figure 1 shows the RDF curves of
(x=10,15,20> . gels, together
xNa O-(100-x)GeO
with those of t-GeOg and h-GeO crystal. Since
considphase shift parameter is not taken into) consideration in the radial distribution function
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Introduction
coordination number and bond distances for the
three directions should be very similar. In order
Structure of active sites on heterogeneous
to elucidate the structure formed on TiO2(110),
catalysts are strongly affected by the interaction
we analyzed the spectra with FEFF6.0. At first,
of the support. It is reported that Mo oxide
deposited on TiO2 has a strong interaction with
we analyzed the spectra with MoO3 and MoO42"
TiO2 surface and MoO3 layer structure is easily
spectra calculated from FEFF.
But MoO3
formed. Rutile TiO2( 110) has an anisotropic
shows completely different spectra while
structure against [110] and [001].
Such a
MoO42" presents much better results.
This
strong anisotropy is expected to affect the
result is contradicted to the one for Mo oxide
overlay MoO3 and the dynamic structure under
catalyst prepared with TiO2 powder.
The
reaction conditions might have anisotropic
research to reveal the discrepancy is in progress.
properties.
In this study, we adopted
0.10
PTRFXAFS(Polarized Total Reflection Fluores on
— pon
scence X-ray Absorption Fine Structure) to
• -•- s on
explore the surface structure of TiO2.
— MoO3
PTRFXAFS can give anisotropic structures of
the active site.
Experimental
TiO2(110)(20 x 40 x lmm) single crystal was
annealed for 5 hr at 823K. The catalysts for
0.5L (1L= MoO3 120mg/100m2) were prepared
by a wet impregnation method with
-0.10
(NH4)6Mo7O24 • 4H2O aqueous solutions.
k/ lO^nm
After supporting, the single crystal was calcined
n m
i
1
1
1
for 3 hr at 773K in air. The measurement was
son [110]
performed at BL14A.
Four axis goniometer
pon[iTO]
s on [001]
was applied to set the particular orientation of the
0.05
MoO'24
sample against the polarization direction of the
incident X-ray and to achieve the total reflection
- • . }-nR
/
0 00
condition. The X-ray absorption spectra for Mo
K-edge were obtained from 3 directions such as
-0.05
s, p polarization for [llO] ,and s one for [001].
/
The fluorescence was detected by a scintillation
counter(Nal).
i
j
1
1
1
1
-nin L
Results and Discussion
10
As shown in Fig. 1., we observed that the
k / lO^nm
Fig.l Mo K-edge EXAFS spectra for
X(k) for each directions shows no anisotropic
molybdenum oxide on TiO2( 110).
characteristics.
This indicates that the
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Introduction
Zirconium niobium oxide solid-solution (Nb2Zrx.2O2x+i: x = 7
- 12) is a high-melting point (~1450°C), colourless crystalline
solid. Its structure is related to that of the mineral fluorite (CaF2).
Because there are more oxygen atoms in the formula (MO2+i/x)
than can be accommodated by the fluorite-type structure (MO2) the
structure adapts by packing the oxygens together more closely.
What results is a composite modulated structure in which x metal
atoms pack together with 2x+l oxygen atoms in one direction. The
only reported single-crystal structure refinement to date from this
solid-solution was for x = 8, i.e. Nb2Zr6On. However, using data
from conventional X-ray sources has meant that it has not been
possible to resolve the neighbouring elements Zr and Nb. To
overcome this problem data have been collected using synchrotron
radiation at beamline 14A just below the Zr K absorption edge to
increase the scattering contrast between these two elements.
By refining the crystal structures of various members of the
Nb2Zrx.2O2x+i (x = 7 - 12) solid solution we hope to understand
why this composite modulated structure forms at all, what crystal
chemical constraints limit its composition range and what role
metal atom ordering plays in the formation of these structures.

wavelength the intensities of reflections increased by a factor of
about 10 relative to the first wavelength. Four shells of data were
collected, a full sphere 1.09° - 32.70° 29, and hemispheres ±h, -k,
±1 for 32.70° -43.67° 29,43.67° - 54.72° 29, and 54.72° - 65° 29.
Results and Discussion
Data were merged in mmm. Rmerge for X = 0.68920 A and
0.74953 A data sets, respectively, was 1.86 % and 1.68 % for all
data with I > 30(1). The structure of Nb2Zrx.2O2x+i (x ~ 12) was
refined as a composite modulated structure using the program
JANA942) to an over all R w of 0.0406 for X = 0.68920 A and Rw
of 0.0687 for X = 0.74953 A.
The displacive modulation wave amplitudes obtained from
these refinements are in remarkable agreement with those obtained
from a Fourier decomposition of the previously published, conventional superstructure refinement of the x = 8 member^). Despite the
enhanced scattering constrast between Zr and Nb for X = 0.68920
A data, metal atom ordering was not found to be significant.
Comparative refinements as incommensurately and commensurately modulated structures gave distinctly better R-values for the
former case.

Experimental
The project was allocated six days on Beam Line 14A from 24
May to 30 May 1994. Single crystals of Nb2Zrx_2O2x+i had been
grown at various compositions according to the method described
previously 1) using hafnia-free zirconia as starting material. During
this visit to the Photon Factory a composition close to the Zr-rich
end member of the solid-solution (x ~ 12) was chosen. A crystal of
approximate dimensions 25 x 25 x 20 u,m was selected. Data were
collected at two wavelengths, X = 0.68920 A, which is 8 eV below
the Zr K absorption edge, and far below the edge at X = 0.74953 A.
The actual location of the edge was determined by performing
EXAFS experiments on Zr foil and Z1O2 powder. Once the parent
structure unit cell had been determined satellite reflection positions
were located to determine the actual modulation wave-vector
magnitude, which subsequently proved to be sufficiently close to
Vi2a* + b* that data could be collected in a 12 x aparent Primitive
supercell. The need to collect the data on a commensurate reciprocal
lattice was due to the constraints imposed by the current software
and hardware at Beam Line 14A.
At X = 0.68920 A three shells of data were collected, a full
sphere 1 °-30° 29, and hemispheres ±h, -k, ±1 for 30° - 40° 20 and
40°-50° 29. A scan rate of8°min- 1 was used. The intensities of
reflections were well down on what would normally be expected for
a crystal of these dimensions.
The wavelength was then set far below the Zr A" absorption edge
at X=0.74953 A in order to collect a second data set where there was
effectively no scattering contrast between Zr and Nb. At this

1
Variation in metal ion coordination sphere as a function oft' = q^ (T -TQ).
Each curve represents the distance between a specific metal-oxygen pair.

A paper reporting the results of these structure refinements has
been accepted for publication in Acta Crystallographica, Section B,
to appear in mid-19954).
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Introduction
The rare-earth (RE) oxides provide a coherent sequence of
compounds for studying physical properties by diffraction
imaging with synchrotron radiation. Their magnetic
interactions are often complex and difficult to elucidate.
Many physical properties of those compounds are affected
by the partial filling of their f-electron subshells. The f
electrons are not involved strongly in chemical bonding,
their effect being only of second order for most properties.
The number of unpaired electron spins when filling the RE
atoms' f orbitals according to Hund's rule spans a wide
range. The oxides have correspondingly diverse magnetic
properties. Indeed, the lanthanide elements and their
compounds were the proving ground for elaborating the
simple theory of magnetism. Understanding their magnetic
properties requires precise knowledge both of the system
without interactions, and of the mechanisms involved in
those interactions. Analysis of the deformation electron
density, or Ap map, focussing on the influence of the
crystal field and cation-cation interactions on the density
near RE atoms may assist our understanding of the
magnetic interactions in the RE oxides. The C-type
sesquioxides Y2O3, DV2O3 and HO2O3 were studied.
Experimental
Single crystals of Y 2 O 3 , Dy 2 O 3 and HO2O3 were prepared
by flux growth techniques. Diffraction images of the Ap
density for naturally faced crystals with min/max
dimensions 38/102, 46/61 and 36/83 \im for Y 2 O 3 ,
Dy 2 O 3 and Ho 2 O 3 respectively were measured with
focused 0.7 A synchrotron X-radiation at beam line 14A
(1). The vertically polarised beam from the vertical
wiggler was monochromated by a double Si (111) crystal
monochromator. Intensities for six standard reflection
were measured every 100 reflections to monitor the
stability of the incident beam. The measured intensities
were modified and their variances adjusted for fluctuation
of standards. After Lorentz and polarisation corrections,
absorption corrections were evaluated analytically.
Extinction was corrected as part of the least squares
structure refinement.

Results and Discussion
The two crystallographically distinct cation sites in the
body centred 7a3 cubic structure of the C-type sesquioxides
can be derived from the ideal cubic 8-fold coordination.
There are two empty sites along the body diagonal for
metal Ml and two along the face diagonal for M2. The Ml
coordination is slightly distorted octahedral. The M2
coordination is strongly distorted, with 2-fold symmetry.
The two crystallographically distinct cation sites makes
these structures an attractive target for studying the effect
of the crystal field. The high Ap symmetry around Ml
cations in RE oxides shown in Fig. 1 becomes
progressively more prominent from Y to Dy and Ho,
reflecting near 6-fold cation coordination, highlighting the
significance of repulsive cation-cation interactions. On the
other hand the Ap symmetry near the M2 cation is lower
than that expected from cation-cation interactions alone.
The map is strongly influenced by the low symmetry (C2)
O-coordination crystal field. The relative strength of the
crystal field (CF), H c , and the magnetic exchange
interactions, He X , determines the anisotropy, i.e. the
magnetic moment direction. The magnetic structure can be
complex and non-collinear even for simple magnetic
interactions. If the CF symmetry is low enough and the
magnetic interactions are smaller than the first excited CF
energy-level the magnetic behaviour is dominated by the
CF anisotropy. That occurs at the M2 cation sites in the
RE oxides, where Hc>H e x . The influence of the crystal
field (C2) on the Ap maps is strong compared to that of
the repulsive cation-cation interactions. Cation-cation
interactions have a more significant effect on the structure,
and a dominant effect on the electron density at the Ml
octahedral sites where He is less strong. This effect, which
is significant at distances well beyond normal bond
lengths, is spin dependent and may thus determine the
nature of magnetic ordering and structural phase
transitions.
References
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(a)
(b)
(C)
Fig. 1. Ap in the plane through the Ml cation site for (a) Y 2 O 3 , (b) Dy2O3 and (c) HO2O3. Contour interval 1.5 eA' 3 .
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Introduction

over a wide angular range. Such diffuse intensify suggests
that the n+ PS layer contains a lot of scattering Si
nanocrystallitcs which are distributed over a large angular
range, especially near the top surface of PS layer. This is
consistent with the results obtained by HRSEM [2].
Two dimensional intensity distribution around the reciprocal
lattice point (RELP) in reciprocal space revealed that an
intensity distribution elongated along the [100] direction was
always seen for all the PS layers, indicating that the lattice
spacing of the PS layer is predominantly elongated along the
direction normal to the surface of the PS layer than along the
in-plane direction of the PS layer. According to our previous
results on the p+ PS layers [1], the lattice expansion is mainly
ascribed to the hydrogen atoms, although the effect of silicon
oxide can contribute secondarily to the lattice expansion. The
p+ PS layers, prepared with large current densities above
200mA/cm 2 , also
exhibited similar extended intensity
distributions. This extended distribution is well explained by
assuming a mosaic structure in the PS layer, which is
composed of small and elongated crystallites which were
formed as a result of relaxation of constrained stresses in the
PS layer. Their spatial extension was four times larger in the
direction normal to the PS surface than in the direction
parallel to the surface.
From microscopy observations, it was
also found that the p+ PS layers are composed of nearly the
same crystallites as those in the p PS layers formed above
200mA/cm 2 , and that the n+ PS layers exhibited a lot of
nanocrystallites in the vicinity of the external surface of the PS
layer. In fact, hydrogen atoms were detected more densely
near the surface of PS layer than inside the PS layer.

Porous silicon (PS) is a kind of silicon having a pore
.structure, and exhibits strong visible photoluminescence.
However, it doesn't seem that the correlation between the
microstructure
and photoluminescence
has been well
established. In order to elucidate the emission mechanism of
visible light from PS layer, it is essential to find common
features such as the emitting part and its morphology for both
p-type and n-type PS layers. To our knowledge, however, no
study has been carried out to compare the structural features
of both p-type and n-type PS layers, nor were discussed thier
cystalline and morphological features in relation to the visible
photoluminescence.
The purpose of this study is to find common structural
features such as emitting parts and their morphology and
crystallinity for p+ and n+ PS layers through mainly X-ray
diffraction techniques using X-ray multi-crystal diffractometry,
and to discuss the correlation between structural features
(morphology and crystallinity) and photoluminescent natures
with reference to previous results of PS layers.

Experimental Procedure
We used p-type and n-type (100) CZ Si wafers with small
resistivities less than 0.02 Q cm. The details of specimen
preparation were almost the same as those in our previous
studies [1]. The crystallinity of PS layers formed heavily doped
substrates was investigated by measuring 400 rocking curves
with X-ray multi-crystal diffractometry:X-ray double-crystal
diffractometry and X-ray triple-crystal diffractometry; a
(111/100,400,400) setting, with the specimen as the third
crystal and the analyzer as the fourth (14BL).
In this study
only preliminary verification with the naked eye of visible
light emission was carried out by using a He-Cd laser.

Common features for both p+ PS and n+ PS layers are
as follows: (1) the parts which can emit visible
photoluminescence are not amorphous, but crystalline, (2) such
parts are composed of nanocrystallites of several urn's whose
orientations are slightly different from the Si substrate, (3)such
crystallites absorb much hydrogen atoms near the surface of
PS layer, especially for the n+ PS layers with an intense
back ground in a wide angular range. In conclusion, visible
light emission comes from only the PS layer that has a
spongelike structure consisting of a large number of silicon
parts of few nm's in size, and that photoluminescence is
probably due to charge carrier confinement in such three
dimensional structure. Detailed studies of the crystallite size
and the photoluminescence peak position are now in progress.

Experimental Results and Discussion
X-ray rocking curves from n+ PS layers were quite different
from those of p+ PS layers: the p+ PS layers showed two
separate peaks which are respectively ascribed to the Si
substrate and to the PS layer, while the n+ PS layers showed
one sharp peak from the Si substrate and a group of peaks
which are ascribed to several layered pore-structures formed
in the PS layer depending on the forming current density. In
this connection, SEM observations revealed that the p+ PS
layer exhibits simpler pore structures than the n+ PS layer [2].
A comparison between these results indicates that the n+ PS is
inferior to the p+ PS in crystallinity. For the n+ PS layers,
besides several peaks, intense diffuse intensity is always seen

References
[1] H.Sugiyama and O. Nittono, J. Cryst. Growth
103 (1990), 156-163.
[2] K.Takemoto, Y.Nakamura and O.Nittono, Jpn. J.
Appl. Phys., 33 (1994), 6432-6436.
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Introduction
Electronic scattering vanishes for a
90° scattering in the direction of the
incident linear CT-polarization, while
there will generally be nuclear resonance scattering. When scattered beams
are mixed with a-polarized electronic
scattering and it-polarized nuclear
resonance scattering, which can be
generated from a GIAR-film of enriched
57
Fe irradiated by a -polarized incident
beam, the resonance scattering can be
separated by an analyzer at a scattering angle 2 0 B — 90° ,where dB is the
Bragg angle.
The aim of this study is to develope
the polarizer and the analyzer for
producing pure a- or jt-polarized beams,
and then, to detect separately the
nuclear resonance scattering.
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Fig.1. Instrumental arrangement.
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Experimental
Polarizers of 2 0B=9O.2° for 14.4 KeV
radiation are produced using the asymmetric and symmetric 840 reflections
from grooved surfaces of a silicon
single crystal. The angular width of
the 840 reflection measured with a
Si(840) analyzer in the (+,+) geometry
is about 1" , which is close to the
theoretical width 0.36" . The a- and JIpolarized components of the radiations
monochromatized and polarized by the
double 840 reflections are observed at
BL-14B with the Si(840) analyser and a
scintillation counter as shown in
Figs.1. Energy and current of
synchrotron beam were 2.5 GeV and about
300mA, respectively. The analyzer
crystal was set on a four-circle
goniometer. The rocking curves of the
a- , ^-components were measured by step
scanning around the horizontal and
vertical axes.
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Fig.2. Observed rocking curves
Figures 2(a) and (b) show rocking
curves of the a- and Ji-components, respectively, normalized with the intensity of the beam incident on the analyzer. Counting rates at the peak of
the a- and n-components are 4.2xl04cps
and 20 cps, respectively. The integrated intensity ratio 1nlla is 2.9xlO~4,
which is much larger than calculated
one. The disagreement is due to large
angular divergence of the incident beam
in the plane parallel to the direction
of the a -polarization vector.
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An X-cut quartz resonator fast gate has
been developed for synchrotron radiation
applications, especially for the nuclear resonant
scattering. One of the first experiment
observation of the enhancement of X-ray
intensity on oscillating quartz crystal was
reported by Fox and Carr1*. When an electric
signal of frequency f is applied to the X(2ll0)planes in an X-cut plate, the interplanar spacings
of these planes change in a periodic compression
and elongation movements according to the
crystal resonance frequency. The variation of dspacing of diffraction planes with time is
equivalent to the change of the Bragg angle 8B
with time. Therefore, if the alignment is set
around the peak position of the rocking curve, the
diffraction intensity will oscillate with time.
X-cut 766.95kHz quartz resonator device
was prepared from a pure Z synthetic quartz with
thickness L=3.7 mm. The electrodes are thin
films of Au evaporated on both X-plane surfaces,
and the crystal is supported by two contact
points, in order to allow free oscillations without
dampening. Fig. 1 is the schematic representation
of the experimental arrangement of crystal optics
made at Photon Factory - BL14B. Wavelength
A=0.6 A and high indexes back reflection Si 16 8
0 and quartz 16 8 8 0 was used in order to supply
an accurate angular resolution. The rocking
curves of vibrating (16 8 8 0) quartz profiles
were measured. Increasing signal amplitudes
applied to the resonator shows an effect of peak
intensity decrease, and consequently, an
enlargement of profile width, as predicted
theoretically. The time modulation profiles of SR
intensity by the reflection of vibrating quartz were
measured at several angular positions around the
Bragg angle. Fig.2 shows the time modulation at
8=6.0 arcsec, where 8 is the angular displacement
of the diffraction angle from the peak position on
the rocking curve. At this position gating time of
400 nsec, rise time of 200 nsec and signal-tobackground ratio of 15 % were obtained.
The present results depend on various
factors, such as, resonator diffraction planes and
the magnitude of applied field. The signal-tobackground ratio can be improved by using more

perfect dislocation-free and high Q-value crystals.
The X-ray topographs of (16 8 8 0) reflection
Bragg case images revealed a lot of dislocation
lines, and oscillation nodes of vibration. The
especial characteristics of the present fast gate is
the possibility of changing the diffracted intensity
modulation width and the decay time by keeping
the frequency constant.

SiO. 16880

Slit

SI 111

Si 16 8 0

Fig. 1 Experimental setting for the SR time
measurement with quartz resonator .
500

3
4 5
TIME(p sec)

Fig. 2 Time modulation of SR diffracted by a
766.95 Hz resonator at 8=6.0 arcsec. Refer to the
text for the definition of 8.
1) G. W. Fox and P. H. Carr, Phys. Rev. 37
(1931) 1622
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Introduction
A clean Si(100) surface inclined by a few degrees
towards the [Oil] direction reconstructs in a structure
with Si-Si dimers parallel to the edges of doublelayer-height steps. Adsorption of arsenic on such a
surface produces a structure of a 1 x 2 or 2 x 1 singledomain structure depending on the adsorption
condition [1]. Our attempt to prepare a single-domain
Si (100):As surface resulted, however, in a doubledomain structure with coexisting 1x2 and 2 x 1 As
dimers. On such a surface ordered As atoms occupy
three positions 0, x and l-.x with respect to the (022)
lattice planes, where position 0 is occupied by 2 x 1
As-As dimers with dimer bonds parallel to the step
edges, while positions x and l-x are occupied by
perpendicular 1x2 As dimers. We determined the
number ratio of As atoms forming the 1 x 2 and 2 x 1
dimers in our sample using grazing-angle X-ray
standing waves under ultrahigh vacuum condition.
Experimental
Our silicon substrate had a surface inclined from the
(100) plane by 4° along the [Oil] axis. Arsenic was
deposited on the substrate at 650 °C in a molecularbeam-epitaxy chamber (10"6 Torr). X-ray experiments
at BL-14B excited the 022 or 022 Bragg reflection in
the grazing-angle geometry with 16.8 keV X-rays. The
reciprocal lattice vector h for the 022 reflection is
directed out of the surface by 4°, while h for the 022
reflection is parallel to the surface. We recorded As K
emission as a function of A9 at fixed glancing-angles
near the critical angle for total external reflection (1.85
mrad).
Ratio of arsenic atoms located at the 1x2 and 2 x 1
positions
Emission yield is expressed as A+B'r\. A is the
position-independent component of the standing-wave
field strength [3]. B' is associated with the positiondependent component B [3], but does not include
position information for fluorescing atoms. An equal
number of As atoms occupying positions x and l-.r
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cancels out phase <j) in the sin(23Ct+<j>) term in the
expression for B [3]. r\ is defined as r\022= P2xi+ P\x2
COS(2JU) for the 022 reflection, and r\^2= Piy2 + Pix\
cos(2ra;) for the 022 reflection [4]. P l x 2 and Pzxi are
the fractions of As atoms in the 1x2 and 2 x 1 dimers,
respectively. Here we assume x=0.336 obtained from
an surface x-ray diffraction experiment [5]. For a
perfectly ordered surface, P2xi+ P\*2 should be equal to
unity. It is to be noted that r\ does not depend on phase
§ of the standing wave, being independent of A9. We
have evaluated r\022 and r]022 by least-square fits of
two emission curves for the 022 and 022 reflections.
Substitution of these values gave us the simultaneous
equations for P\x2 and f 2x1, which led to P\Y2 = 61.7%
and P2xl =37.5%. This shows that our sample surface
is highly ordered with only 0.8% of the As atoms at
random positions.
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Introduction
Proposal 94G140 aims at studying the
structures of dimers and atomic steps on
Si and GaAs (100) surfaces with X-ray
diffraction and scattering techniques at
a synchrotron source. These surfaces
have simple, basic structures, and are
important for epitaxial growth of GaAs
on silicon substrates. The proposal involves calculation of electron densities
for surfaces from X-ray data. Combined
with the design of a vacuum X-ray scattering facility, the geometry of grazingincidence diffraction limits accessible
reciprocal space.
Reduced scattering
power at high angles further reduces the
number of measurable Bragg reflections,
leading to low resolution in the electron-density maps calculated with the
conventional method. To overcome the
difficulty, we have tried the maximumentropy (ME) method, which has been
quite successful [1].

tron source are given phases obtained
from a refined model [3], which are used
as a constraint in a maximization of
Shannon-Jaynes entropy. The calculation
assumes the symmetry of plane group
p6mm. The map obtained from 84 fractional-order reflections with a 1.135 A
resolution clearly resolves all the 102
atoms of Takayanagi's DAS model [4] (see
the figure).
The figure shows a 7X7
unit cell.
This is a first high-resolution electron density map calculated
for a two-dimensional surface structure.
Electrons are concentrated on the atomic
sites showing highest peaks at the adatom locations where there is an overlap
with the third-layer atoms. The atomic
positions determined from the map are in
good agreement with those from a leastsquares refinement. It was evidenced
that the 102 atoms are visible in a map
calculated from a reduced data set with
20 strongest reflections.

Maximum-entropy method
The ME method does not use Fourier trans
form to calculate electron densities from
observed structure factors Fiiobs). It
does not assume zero amplitudes for missing reflections, which extends the data
resolution and improves the sampling of
reciprocal space. The power of the ME
method has been demonstrated in powder
diffraction [2], which suffers from similar problems
to surface diffraction. A
calculation of electron
densities needs a set of
phased F^obs) data.
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Application to Si(lll) 7X7
surface
The 7X7 reconstruction of
the Si (111) surface is the
most complex one ever discovered, which provides a
good test for the ME method.
In-p]ane reflections observed from a clean Si(lll)
7X7 surface at a synchro278
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Introduction
parallel to the step edges on both the
The 1X2 structure of arsenic deposited
upper and lower terraces, thus producing
Si (001) surface has been refined by
a single-domain 1X2 surface. However,
Jedrecy et al. [1] using X-ray diffracwe could only prepare double-doamin
tion data. The refinement assumed the
samples showing fairly strong 2X1
symmetry of plane group pZmm and used
RHEED spots, on which arsenic was depothe 17 structure-factor data collected
sited in a molecular-beam-epitaxy chamfrom a double-domain sample at a synch- ber. No satisfactory data was collected
rotron source. The 17 Fobs data included
at BL14B using a UHV surface X-ray dif6 integer reflections, with both h and A*
fraction facility [2].
indices integer, which are forbidden in
bulk silicon of the diamond structure.
Maximum-entropy electron density map
Two As atoms are found to be located at
Fig. 2 shows a maximum-entropy electronthe center of a 1X2 unit cell, forming a
density map calculated using Jedrecy's 17
dimer with a 2.55 A bondlength. The
Fobs data with phases assigned from the
four top-layer Si atoms are shifted by
refined model. In additon to the top0.15 A towards the As dimer (Fig. 1).
layer As and Si atoms, small peaks are
No shift is found in the positions of
seen at the second-layer atom positions.
the second-layer Si atoms.
These peaks are absent in a map calculated using a reduced data set with the
6 integer reflections excluded. Further
Experiment
studies
will clarify the contribution of
We attempted surface X-ray diffraction
non-spherical electron distributions
experiments on a single-domain 1x2 Si
around unreconstructed Si atoms to
(001) sample without coexisting 2X1
these peaks.
domains. Our samples were prepared by
heating in ultrahigh vacuum clean silicon
substrates with the surface tilted from
Reference
the (001) plane by 4° towards the [110]
[1] N. Jedrecy, M. Sauvage-Simkin, et
azimuth: evidences show that doubleah: Surfce Sci. 230, 197 (1990).
layer-height steps are energetically
[2] O. Sakata and H. Hashizume: Rev.
favored and silicon dimers are oriented
Sci. Instr. (in press).
Fig. 1
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Introduction
Borrmann and Hartwig1' showed the multibeam effect on the anomalous transmission in Ge
and the present authers predicted2' an extreme
enhancement can be expected for 6-beam
(000,220,242,044,-224,-202) case.
Experiments
along this line here not been tried until quite
recently31 . In this report computations are
extended to a Si crystal titled around the 6beam position, and corresponding experiments
have been conducted at BL-14B.

•-Mo

Theoretical
The dynamical-theoretical computation of
the wave field in Si, i.e.,12 dimensional
eigenvalue problem, have been performed;
absorption coefficients along an intersection
keeping 220 Bragg condition satisfied are shown
in Fig.l, approaching at large tilting
separately to 2-ray effects.
In general azimuths all the curves tend
to a single value, that is, the mean
absorption.
Single effect reduces the
absorption to one thirtieth of the mean value
and the multi-diffraction at the vertex point
enhances the reduction further by twenty.

10
Fig. 1 Absorption vs. tilt angle.
(044) diffraction condition

t

(202)

Experimental
transmitted intensities around the 6-ray
position have been measured at a wavelength
1.22A for a wedge-shaped Si plate; contour maps
of the results at a thickness 3.9mm are shown
in Fig.2. The strong enhancement of an
anomalous transmission due to the multi-ray
effect is clearly seen in all intensities
000,220,044, though the quantitative comparison
needs numerical deconvolution with respect to
the instrumental widths.

(220)

Reference
1) G.Borrmann and W.Hartwig
:Z.Krist.121(1965),6.
2) T.Joko and A.Fukuhara
: J.Phys.Soc.Japan22.(1967) , 597 .
3) A.Y.Kazimirov,M.V.Kovalchuk,V.G.Kohn,
T.Ishikawa and S.Kikuta
:PH Activity Report#9(1991),23 8.

Fig. 2 Transmitted 000-, 220-, and 044 intensities.
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MODEL-INDEPENDENT DETERMINATION OF ELECTRON DENSITY PROFILES IN
MULTILAYERS USING ANOMALOUS-DISPERSION X-RAY REFLECTOMETRY DATA
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1. Res. Lab. of Eng. Mater., Tokyo Inst. of Tech., Nagatsuta, Yokohama 226, Japan
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Introduction
In most X-ray reflectometry works on
thin-film multilayers, model structures
are fit to specular reflection data to
determine the layer thickness, densities
and r.m.s. roughness at the surface and
interfaces. One of the authors and coworkers have developed a technique for
ab-initio determination of the one-dimensional electron-density distribution
in the overlayer using specular-reflection data collected at X-ray wavelengths
close to and away from the absorption
edge of the substrate material [1], The
technique is based on an X-ray scattei—
ing theory using a distorted-wave Born
approximation [2], retrieves the phase
information for the reflected wave from
anomalous dispersion data like in conventional crystallography, and reconstructs electron-density profiles by
Fourier transform.

carbon layer. Parratt's formula is used
to simulate specular reflections at photon energy close to the Ge K edge and
8.27 keV. Fig. 1 shows reconstructed
profiles for a single and triple layer of
Al-C (£"=A1) where a momentum transfer
range of qz= 2 A" 1 was Fourier t r a n s formed. Similar profiles have been
computed for a series of £(70A )C(30A)
layers with E varying from Be to W including Al, Cr, Ni, Ge, Mo and Sn. Reconstructions agree with the model profiles for layers using low-Z Es.
Experiments
In a beam time scheduled in mid March
1995, anomalous-dispersion reflectometry
data will be collected from a few multilayers including Al-C on Ge substrates
and GaAs-AlAs on GaAs substrates at BL14B.
This work is supported by the JapanIndia Cooperative Scientific Programme,
organized by the JSPS and DST.

Simulations
To apply this technique to multilayer
studies, we performed simulations on
structures with alternate carbon and element E layers on Ge substrates. A unit
structure uses a stack of a 70 A-thick
layer of element E on a 30 A-thick

References
[1] M.K. Sanyal, S.K. Sinha, A. Gibaud et
al.: Europhys. Lett. 21, 691 (1993).
[2] S.K. Sinha, E.B. Sirota et al.: Phys.
Rev. B 38, 2297 (1988).

2po
Depth (A)

Depth (A)

Fig. 1.
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Model (broken line) and reconstructed (circle) electron-density profiles
for a single (left) and a triple (right) Al(70A)-C(30A) layer
on germanium substrates.
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COMPTON SCATTERING OF 20- TO 40-KEV PHOTONS
Yoshihito NAMITO, Syuichi BAN, Hideo HIRAYAMA, Nobuteru NARJYAMA*, Hiroshi NAKASHIMA*,
Yoshihiro NAKANEt, Yukio SAKAMOTO*, Nobuo SASAMOTO*, Yoshihiro ASANO* and Syuichi TANAKA*
National Laboratory for High Energy Physics Oho, Tsukuba-shi, Ibaraki-ken, 305, Japan
*Ship Research Institute, Shinkawa, Mitaka-shi, Tokyo-to, 181, Japan
* Japan Atomic Energy Research Institute, Tokai-mura, Ibaraki-ken, 319-11, Japan

The scattered-energy spectra of monochronized
synchrotron-radiation photons toward 90° by C, Al,
Fe, Cu, Au and Pb samples were measured using highpurity Ge detectors to obtain incoherent scattering
function (5) in the 1.14 < x < 2.28 A" 1 region. The
incoherent scattering function (S(x,Z)) is defined as the
ratio of the differential Compton-scattering cross sections of bound electrons in one whole atom
^
and one free electron ( ( ^

1.25
1.00 -

0.75 C/5

0.50 0.25

where

15
i

X =

x (A
FIG. 1. Incoherent scattering function of Cu.

1^399

Here, ko is the incident photon energy in keV , 0 is
the scattering polar angle and Z is the atomic number of the atoms in the scatterer; x is the momentum transfer in A" 1 . The multiple-scattering intensity
was evaluated by a Monte-Carlo calculation Theoretical values of an incoherent-scattering function usnig
the Waller-Hartree theory [1] which is based on form
factor approximation (SWH) is widely used for keV
photon-transport calculations. It is also possible to calculate the incoherent scattering function by integrating
the double differential Compton-scattering cross section based on an impulse approximation with respect
to the scattered photon energy (SIA) [2].
The number of incident photons were monitored using a free air ionization chamber, which was calibrated
with a calorimater. S was obtained by fitting the measured Compton peak with double differential Compton
scattering cross section derived by Ribberfors [2]. In
Fig. 1, the measured S of Cu is compared with SWH
and previous measurements [3-5]. The measured S
of C, Al, Fe and Cu agreed with that based on the
Waller-Hartree theory (SWH) as well as that based on
a relativistic impulse approximation {SIA) within the
experiment error (2.5%). The measured S of high-Z
atoms (Au and Pb) is smaller than SWH by 3 to 6%
and agrees with SIA (Fig. 2).
SIA and SWH agrees for high fc0 while they differ for
low ko (Fig. 2). Doppler broadening of the scattered
photon energy affects this. The details of this measurement appears in the author's recent publication [6].
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FIG. 2. Comparison of S of Pb for different 6 and ko
(z=2.281 A" 1 ).

[1] I. Waller and D. R. Hartree , Proc. R. Soc. London,
Ser. A 124, 119 (1929).
[2] R. Ribberfors and K. -F. Berggren, Phys. Rev. A 26,
3325 (1982).
[3] J. C. Dow et al, J. Phys. B: At. Mol. Phys. 21, 2425
(1988).
[4] P. P. Kane et al, Phys. Rev. A 28, 1509 (1983).
[5] O. Goncalves et al, Phys. Rev. A 30, 1509 (1984).
[6] Y. Namito et al, Phys Rev. A, In printing (Apr 1995).
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QUANTITATIVE ANALYSIS OF GROWN-IN MICRODEFECTS
IN A CZ-SILICON CRYSTAL OBSERVED BY HIGH ENERGY
X-RAY TOPOGRAPHY
Satoshi IIDA*, Yoshirou AOKI*, Keiji HARADA*, Naoki ISHIMATSU*, Takako RON*,
Yoshimitsu SUGITA*, Takao ABE** and Hiroshi KAWATA***
* Department of Physics, Toyama University, 3190 Gofuku, Toyama 930
** SEH Isobe R & D Center, Shin-Etsu Handotai Co., Ltd., Annaka, Gunma 379-01
*** Photon Factory, N. *ional Laboratory for High Energy Physics, Tsukuba, Ibaraki 305

Introduction
600

Grown-in microdefects in a Czochralski(CZ) grown silicon crystal have been observed by using high energy
synchrotron radiation diffraction topography and analyzed quantitatively. Possible origins of the microdefects are discussed.

Experimental
Synchrotron radiation topography experiments were
performed at the vertical wiggler beam line, BL-14C,
with 60 keV high energy x-rays monochromatized by
using a Si (220) monochromatorcut asymmetrically. A
specimen observed was an as-grown CZ-silicon plate,
about 5 mm in thickness, with the [100] surface orientation perpendicular to the growth direction [001], cut
from a boule pulled at a growth rate, 0.4 mm/min.

Results and Discussion
The density distribution of the microdefects (Fig. l(a))
was obtained directly from a traverse topograph of
0 0 8 reflection. The size of the microdefects was determined from the height of the defect-images in the
topograph by using the kinematical diffraction theory
with an assumption that the strain field around the
defects was spherical. The radial distribution of the
defects size is shown in Fig. l(b).
It was also determined that the lattice distortion associated with the defects was a extrinsic type (a interstitial type), so that possible sources of the microdefects are ascribable to silicon self-interstitials or oxygen atoms, but not to vacancies. The total number
of the point defects, which contributed to the formation of the microdefects, was estimated from the total
misfit volume of the defects for the two models of the
microdefects ; aggregates of self-interstitial atoms and
oxygen precipitates (silicon oxide), (see Fig. l(c).)
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Fig. 1. Radial distributions of the density of the microdefects (a), of the size of the microdefects (b), and
of the number of the point defects contributed to the
microdefects (c).
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1. Introduction
From 1981, the intravenous K-edge energy
subtraction coronary arteriography have been developed.
In Japan, a two-dimensional image aquisition system
with SR has been developed. The results of animal
experiments and human studies have revealed various
problems of intravenous CAG with SR, including the
overlap of the coronary artery on cardiac chambers and
other vessels, and the dilution of contrast material. In this
study, we employed two-dimensional SR angiography in
combination with the non-selective arterial injection of
contrast material in dogs to assess the diagnostic
possibility in visualizing the coronary arterial structure.

was almost the same as that of selective coronary
arteriography. The 1.2 mm in diameter of the main
coronary artery and about 0.2 mm in diameter of the
distal branches of the left anterior descending,
circumferential, and right coronary arteries were
observed.
Aortographic CAG with SR provides clear images of
the coronary arteries probably because the image contrast
is markedly improved by the SR angiographic method
and the dilution of contrast material is not as marked as
that in the intravenous method. This method might
produce the new diagnostic approaches of coronary
artery with SR.

2.Methods and Materials
The two-dimensional coronary angiographic system
(2D-CAG system) with SR is constructed at the vertical
wiggler beam line of BL-14C of the Photon Factory in
Tsukuba. This system consists of a movable silicon
(311) monocrystal, fluorescent plate(FUJI FILM HR-6),
avalanche-type pickup tube (HARPICON [ 1J) camera, xray shutler, image acquisition system and workstation.
The monochromatic x-ray beam size is a 40 x 70 mm.
The energy of the beams is adjusted to 150 eV above the
iodine K-edge.
X-ray images were converted to light images with a
fluorescent plate, and this light image was detecled by the
avalanche-type pick-up tube camera. The x-ray TV
images were digitized in a 1024 x 1024 pixel matrix with
a 12-bit depth using a 12-bit analog-to-digital converter.
All images were stored as digitized images in a 144megabyle frame memory. A workstation (Hewlett
Packard 715/33) was used for image processing ami
control of the image acquisition system.
The acquisition interval of each image was set at 66
msec. The image acquisition time of each frame was set
66 msec because the insufficient x-ray flux and
brightness of new TV camera. Dogs were anesthetized
with phenobarbital. A 6F catheter was inserted into the
aorta. Contrast material (Iomeprol 350, 0.80 ml/kg) was
injected by the injector at the rate of 10 ml/sec.

References
1. Umelani K, Kajiyama T, Ueda K, Takasaki Y,
Yokouchi H. SPIE 1994; 2163:361-365
(The HARPICON was jointly developed by NHK(Japan
Broad casting Corporation) and Hitachi, Ltd..)

Fig. I. Coronary arterial images obtained by aortographic
2D-CAG
The coronary arteries are demonstrated and at endsystole

3.Results and discussions
Typical images are shown in Fig 1. The coronary
arteries could be imaged clearly, and the image quality
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X-RAY IMAGING CHAMBER TO SYNCHROTRON
RADIATION EXPERIMENTS
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Yohko AwayaW, Masaki Oura^), Tatumi Mizogawa^3), and Michiyuki Sato(3)
(1) SPring-8 Project Team, RIKEN, Wako, Saitama 351-01, Japan.
(2) Saitama College of Health, 519 Ooaza-Kamikubo, Urawa 338, Japan.
(3) Nagaoka College of Technology, 1603-1 Kamitomioka, Nagaoka, Niigata 940-21, Japan.
with the monochromatized direct beam (20keV,~108photons/mm2 /sec) in order to verify its space-charge-resistivity. As shown in Fig.2, the prototype succeeded in stably
visualizing the direct beam images without any discharge
for longer than 1 hour. These encouraging results obtained
in the present study will provide us with a strong support
in continuing our PSXIC project.

Introduction
When applied to the x-ray scattering experiments at the
third generation synchrotron radiation facilities such as
SPring-8, APS, and, ESRF, the gaseous detectors based
on electron multiplication processes could occasionally
become unstable due to the space charge abundantly generated in their volumes. It is, therefore, an important task
for synchrotron radiation science to develop a new type of
gaseous detectors that are highly space-charge-resistive, hi
this respect, the x-ray imaging chamber operated in the
proportional scintillation mode is one of the most
promising device, since the proportional scintillation
takes place under a much lower electric filed strength
compared to that needed to initiate the electron multiplication 1 ).
Experimental
The incoming x-ray photons to a proportional scintillation x-ray imaging chamber (PSXIC) are first converted
into secondary electrons in a drift chamber filled with, for
example, Xe (98%) + Triethylamine (2%) gas mixture at
1 atm. Being transported to a parallel plate avalanche
chamber, the secondary electrons then induce the proportional scintillation with an electric field of ~lkV/cm. The
luminous pattern reproducing the 2D image of the scattered x-ray photons is observed with an image-intensifierassociated CCD camera. The real-time x-ray images thus
obtained can be processed with a video digitizer and a personal computer2). Having constructed a prototype of proportional scintillation imaging chamber (PSXIC), we examined its performance at BL-14C of PF/KEK by observing the diffraction patterns of several well-known samples
and the monochromatized direct beam images.

Fig.l The observed Laue diffraction
pattern of P-cyclodextrn powder

Results and Discussion

Fig.2
The observed monochoromatized
direct beam image (lmm X2mm)

Figure 1 displays the observed Laue diffraction pattern of
p-cyclodextrn powder with integrating 255 video frames.
One could see not only the ordinary circular diffraction
pattern but the several Laue spots due to the remaining
crystal structure in the sample as well. After optimizing
the operational conditions, we irradiated the prototype

References
1) M.Suzuki et al., Nucl. Instr. and Meth. A348
(1994)280.
2) M.Suzuki et al., Proceeding of 'International Conference Synchrotron Radiation Instrumentation,' The
State University of New York, New York, 1994.
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Introduction

References

The molten alkali halide has been considered
to transform into dense state under high pressure,
which is accompanied by the increase of the
coordination number of nearest neighbor ions.
Recent numerical simulations showed that this type
of pressure induced structure change occurred in
the molten KCl 1 . However, the experimental
approach is required to elucidate this structure
change. This report is the results of high pressure
experimental study on the structure of molten
alkali halide. In this study, KCl is chosen as a
representative alkali halide, because the structure
of molten KCl is expected to change at relatively
low pressure.

(1) Ross, M., G. Wolf, Phys. Rev. Lett., 57, 214217, 1984.
(2) Tsuji, K. et al., Rev. Sci. Instrum. 60, 24252428, 1989.

1

Experiments
Structure of molten KCl under high pressures
has been examined by the in situ X-ray diffraction
method using synchrotron radiation. Experiments
were conducted at the wiggler beamline (BL14C)
in PF by the energy dispersive method with white
beam (up to 120keV). High pressure was
generated by the cubic-type high pressure
apparatus, MAX90. Diffraction profiles were
collected just above the melting points of KCl up
to 4 GPa. (Figure 1). The structure factor, S(Q),
for molten KCl was obtained from the acquired
diffraction data using the analyzing method
proposed by Tsuji et al. (1989)2.
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Fig. 1. X-ray diffraction profiles at 4 GPa and 1500°C.
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Results and Discussion
S(Q) for molten KCl under pressure is shown
in Figure 2. There is no abrupt change in peak
positions and overall feature of S(Q) up to 4 GPa.
However, the first peaks around Q = 2.3 A 1
becomes sharp and high with pressure. These
indicate that the structure of molten KCl gradually
changes up to 4 GPa.
In order to clarify the structure of molten KCl
corresponding to the observed S(Q), we try to
reconstruct S(Q) by the molecular dynamics. As a
result of simulation, the observed S(Q) can be
explained the following structure change in
molten KCl. The distance of nearest K-Cl does not
change much with pressure. The coordination
number of nearest neighbor ions increases with
pressure.

, , , , , ,
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I

, , , , , ,
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Fig. 2. Structure factor, S(Q), for molten KCl at
various pressures obtained by X-ray diffraction.
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DENSITY OF LIQUID SELENIUM AND TELLURIUM UNDER PRESSURE
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Kenich YAOITAa, Takumi KIKEGAWA6 and Osamu SHIMOMURA6
a. Department of Physics, Keio University, Yokohama 223.
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Introduction

clearly observed. The solid line in Fig. 1 represents the result of a parameter fitting. The simulation well reproduced the experimental values.
Figure 2 shows the density of Te at around 4
GPa as a function of temperature. The jump of
the density at the Tel-Tell transition and that
upon melting were clearly observed. The error
estimated from a variation of data is ±1.0%, which
is two third of that of prior experiments. In the
present experiment, however, the proposed L-L'
transition was not confirmed.

X-ray diffraction measurements for liquid Se
and Te indicated that there was a drastic change
in the structure factor under high pressure[l]. Recently, Brazhkin et al. [2] found another transition
(L-I/ transition) in liquid Te under high pressure.
They detected abrupt volume contraction when
a sample was being heated at constant pressure.
To understand these structural changes, the pressure dependence of the density will provide valuable information. We have developed a new Xray absorption method for density measurements
using MAX80 installed in ARNE5[3]. Since the
sample thickness changes with pressure, we need
other standard of thickness to calculate the density from measured x-ray absorption. We therefor
put a sapphire ball, which is x-ray transparent,
in a sample capsule as a calibrant of the thickness, and measured x-ray absorption as a function
of sample position. In the previous experiments,
however, the data was not good enough to detect
the L-L' transition, at which the reported volume
change was 1%. Since a major reason of the error was an instability of monochromatized x-ray
beam due to frequent injection in AR, we carried
out the present experiment at the Photon Factory.
The density of liquid Te was measured up to 700°
at 4 GPa.

References
[1] K. Tsuji, J. Non-Cryst. Solids 117/118, 27
(1990).
[2] V. V. Brazhkin, R. N. Voloshin, S. V. Popova
and A. G. Umnov, J. Phys. Condens. Matter 4
1419 (1992).
[3] Y. Katayama, K.Tsuji, J.-Q. Chen, N.Koyama,
T.Kikegawa, K.Yaoita and O.Shimomura J.NonCryst. Solids 156-158 , 687 (1993).
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Experiments were carried out using MAX90,
a cubic-anvil apparatus installed in the BL14C
station. The energy of the x-ray passed through
a Si(311) double-crystal monochromator was 59
keV. The intensity of the incident beam (Jo) was
monitored by fluorescence x-ray from Sn foil on
the x-ray path. The intensity of the transmitted
beam (/) was measured by a scintillation detector. The size of the incident x-ray beam at sample position was 0.1 X 0.1 mm 2 . The specimen
was placed in a 2-mm-o.d., 1-mm-i.d. BN capsule
together with a sapphire ball 0.5 mm in diameter.
By moving press, I was measured at various sample positions without changing the beam position.
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Figure 1 shows the logarithm of I/IQ at
3.7 GPa and 700°C as a function of the press
height, x. The curvature of the sapphire ball was
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Figure 2. Density of Te at 4 GPa as a function of
temperature.
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PHASE TRANSITION OF o-ZrRuP AT HIGH TEMPERATURES AND HIGH PRESSURES
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ZrRuP crystallizes in two modifications,
the Fe2P-type hexagonal structure(h-ZrRuP) and
the Co2P-type orthorhombic one(o-ZrRuP).
Both phosphides are layer compounds. Each
layer in h-ZrRuP is occupied by either Zr and P
atoms or Ru and P atoms(l). The two dimensional triangular clusters of Ru3 are formed and
linked with each other through the Ru-P bonds
in the basal plane. In contrast, he layers in oZrRuP are filled with Zr and Ru atoms and are
all equivalent(2). We have studied X-ray diffraction of o-ZrRuP at high temperatures and high
pressures.
O-ZrRuP was prepared by reaction of
stoichiometric amounts of Zr, Ru and red phosphorus powders at 1000°C and 2 GPa(3). The
cubic-anvil type high pressure apparatus was
used for the X-ray study at high temperatures
and high pressures. The diffraction patterns of
ZrRuP were recorded at 28=4° with an energy
dispersive method.
The cell volume (Vo) of o-ZrRuP at
atmospheric pressure linearly decreased with
increasing pressure at the rate of d(Vo-V)/dP =
1.12 AVGPa up to 4 GPa. The volume at 4 GPa
reduced to about 97.5 % of Vo. Figure 1 shows
temperature dependence of lattice constants and
volume at 4 GPa. The lattice constants and
volume linearly increased with temperature up to

1) H. Barz, H.C. Ku, G.P. Meisner, Z. Fisk,
B.T. Mattias, Proc. Natl. Acad. Sci. USA,
77, 3132(1980).
2) R. Muller, R.N. Shelton, J.W., Richardson
and R.A. Jacobson, J. Less Common Met.,
92, 177(1983).
3) I. Shirotani, N. Ichihashi, K. Nozawa, M.
Kinoshita, T. Yagi, K. Suzuki and T.
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1000°C. o-ZrRuP transformed to the hexagonal
phase at around 1100°C and 3.5 GPa. The
density of both structures was 8.172 g/cm3 for
o-ZrRuPand 8.148 g/cm3 for h-ZrRuP at room
temperature and atmospheric pressure. The
density of o-ZrRuP is slightly larger than that of
h-ZrRuP. Thus, h-ZrRuP becomes a high
temperature phase. However, h-ZrRuP was
quenched and very stable at the normal
condition.

0.99 0
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Temperature [°C]
Fig. 1 Lattice constants and volume of
o-ZrRuP at high temperatures
and 4GPa.
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Introduction
Actuation of polymer gel by applying electric
field has been investigated as a possible way to a
practical artificial muscle. [ 1] Actuation of
polymer gels by magnetic field, however, has
not been reported so far. There are many
advantage in the magnetic field as a trigger for
the gel actuation. We prepared hydrogel of
poly(vinyl alcohol) (PVA) containing
ferromagnetic body, and investigated as a
magnetically active hydrogel.[2] Here, we will
report on the structure change of magnetic body
immobilized in the hydrogel by magnetic field.
Experimental
Ferro-fluid was prepared by conventional
coprecipitation method, using sodium oleate as an
emulsifier. The ferro- fluid was immobilized in PVA
hydrogel by repetitive freezing-and-thawing method.
Thus prepared PVA hydrogel was served for small angle
X-ray scattering measurements. The instrument of BL15A was used. Wavelength of the X-ray, the distance
between sample and detector, and the irradiation time were
1.488A, 2 m, and 300 sec, respectively. Applied
magnetic field was 1.4 T, and was in parallel direction to
the PSPC anode line.

Results and Discussion
In Fig. 1, the effect of magnetic field
application on the X-ray scattering profiles was
shown. Scattering intensity is mainly attributed
to the magnetic body in the gel, since the content
of ferro- magnetic particles is much higher than
that of PVA. There is a small hump at q=
ca.0.08 which can be considered to be attributed
at the scattering by the magnetic body in the gel
whose size is about 80 A. The effect of the
magnetic field was observed in Fig. 1. In Fig.
2, distance distribution function p(r) was
shown.

Hydrogel; ferrofluid(25wt%), B=1.4T
Hydrogel; ferrofluid(25wt%), B=0T

0.2

Fig. 1 Effect of magnetic field on the scattering
intensity vs q.
Hydrogel; ferrofluid(25wt%), B=1.41
Hydrogel; ferrofluid(25wt%), B=0 T
•

i

c
3

•

•

\

1

^5

0 '-•

,

0

200

400

„ 600

. .

800

100C

r(A)

Fig. 2 Effect of magnetic field on distance
distribution function.
It was suggested that the magnetic field induced
orientation of the magnetic particles to the
direction parallel to the magnetic field.
References: [1] T. Hirai et al., J. Appl. Polym. Sei., 53, 79
(1994). M. Hirai, et al., .1. Chem. Soc, Faraday Trans., 91
(1995). [2] T. Hirai et al., Polym. Gel and Networks, have
been submitted. T. Takamizawa, et al., Proc. of ISF'94,
p.293.
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Introduction
We have been investigating on polymer gels,
and their application as artificial muscle or gelactuator. The results suggests that the action of
the gel actuator induced by electric field depends
on the dielectric constant of the solvent or
medium which is occluded in the polymer
network. [1,2]
For the clarification of the role of the solvent
on the actuation, we expected the polymer chain
itself takes places the role of solvent when it has
enough flexibility, and investigated the effect of
flexibility of polymer chain, using polyurethane
elastomers which has melting point at ca.50°C.
[3,4] In this report, the effect of temperature on
the scattering profile of the polyurethane
elastomer.
Experimental
Polyurethane elastomer investigated was
synthesized by conventional prepolymer
method. Materials used were hexamethylene
diisocyanate (HDI), polycaprolactone diol (PCL,
MW=2000), and 1,4-butane diol. The contents
of the polymer was HDI:PCL:BD=10:4:4 in
mole ratio.
Scattering experiments were carried out using
the small angle X-ray scattering (SAXS)
instrument in BL-15A. Sample detector distance
was 60 cm. Wavelength of the X-ray was 1.488
A. Measurements were carried out by varying
temperature, keeping the elapsed time constant at
100 sec for each sample.
Results and Discussion
The polyurethane sample shows melting
behavior at 40°C. The scattering profile shown
in Porod plots changed before and after melting.
(Fig. 1) Scattering intensity after melting (at
60°C) is smaller than before melting (at 30°C).
Porod slope changed from -3.42 for before
melting to -2.96 for after melting, suggesting

fractal surface changed into rougher by melting.
Electrical actuation was not observed in this
elastomer, suggesting that crosslinks by
allophanate bonds disturbed the mobility of the
polymer chain. Persistence length estimated
from Kratky plot decreased by melting. These
feature in the scattering profile changed
drastically by the composition of the elastomer.
Particularly in the elastomer rich in soft segment,
the scattering intensity decrease by melting was
remarkable, and electrically induced anisotropic
structure change was confirmed.

25.9°C, 39.9°C

58.TC

q=0.05908-0.12238
-1.8

-1.4

-1.0

-0.6

log(q)
Figure 1. Double logarithmic plots of
the scattering curves of a polyurethane
elastomer.
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[2] M. Hirai, T. Hirai, Y. Amemiya, T. Ueki, J.
Chem. Soc, Faraday Trans, 91 (1995) in press.
[3] T. Hirai, H. Sadato, M. Hirai, S. Hayashi,
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Introduction
Our studies of the changes in collagen with age using
synchrotron radiation and imaging plate detectors, have
provided us with exciting new information about the
packing changes in human fetal tendon with the time
duration of the pregnancy. The diameter distribution of
extensor tendon fibrils in the fetal stages is unimodal
whereas at birth the distribution is bimodal. The
arrangement of the fibrils becomes more ordered as the
pregnancy advances. These changes closely correlate
with the activity of the fetus.
Experimental
Samples for this research ranged in age from 14 to 20
weeks after conception for both skin and tendon, twelve
samples in all. These samples were studied during two
separate visits to Tsukuba. For ethical reasons, such
specimens cannot be freely chosen, but those available
were supplemented by some from fetal sheep. The sheep
tendons were obtained at 133 and 140 days, representing
a much more advanced stage of fetal development, since
the normal gestation period for sheep is 145 days.
These samples were stored in physiological saline at -20°
until required. For the X-ray diffraction study samples
were placed in specially designed cells to maintain 100%
humidity. The samples were slightly stretched during
exposure to remove the natural crimp. All samples were
examined using the low angle facility, BL15A source at
the Photon Factory. Sample to imaging plate distances
of 2400 and 600 mm were used for each sample.
Exposure times of 5 to 60 seconds enabled us to handle
the full dynamic range of intensities in the patterns.
Data were recorded on imaging plates and later extracted
by electronic scan. Calibration was achieved by
exposing moist rat-tail tendon, which is known to have a
constant repeat distance of 67 nm.

post-partum tendon.Fig 2. These patterns are similar to
the pattern for skin, in fact, these samples have the best
developed collection of "cylindrical peaks" of any
samples yet studied. These reflections were all fitted to
cylindrical arrays using a Bessel Function analysis of
scattering from cylindrical fibres arranged in an
hexagonal lattice, similar to that of Eikenberry et al.
Cylinder radii varied slightly from sample but was
always lower than 40nm for human samples and slightly
larger, around 45 nm for sheep These results agree with
those of electron microscopy which suggest that mature
tendon does not have fibrils of uniform diameter, but
other tissues give a range of diameters similar to our
results.(Parry et al)
The highly organised lateral regularity of these samples
from the early stages of gestation suggest that the fetal
tendon material has not as yet acquired the onedimensional character required in maturity. Such
regularity is also a feature of two-dimensional
collagenous tissue such as skin but is not exhibited in
mature tendon, a collagenous tissue required to act only
under tension. The gradual alignment within the tissue
does mirror in time the increased movement of the fetus.
References
Eikenberry, E.F., Brodsky, B., Parry, D.A.D. Int. J.
Biol. Macromol, 1982,Vol 4, 322
Parry D.A.D., Craig A.S., and Barnes C.R.G. Proc. R.
Soc.Lond.,1978,B.203,293.

Data Handling
A high precision analysis of the two dimensional data
was carried out using the Smithsonian astronomy
computer packages, IRAF(1986) and SAO Image(1991)
to display and smooth the image, to remove background
and to determine the positions and intensities of the
reflections. Equatorial reflections were fitted to
cylindrical arrays using a Bessel Function analysis of
scattering from cylindrical fibres, similar to the study of
embryonic tissue by Eikenberry et al (1982).
Results and Discussion
It is immediately obvious from that the equatorial pattern
from fetal tendon, Figure 1, is quite different from
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Introduction
ATP plays a crucial role in muscle contraction.
Each ATP molecule is split into an ADP molecule
and an inorganic phosphate on a myosin head (M).
The phosphate is released prior to the ADP
molecule. Vanadate (Vi) binds to a myosin head
and forms a stable M-ADP-Vi complex in which
vanadate probably occupies the phosphate site.
Formation of the complex suppresses contraction
of a skinned muscle fiber. Using a technique to
record a two-dimensional diffraction pattern from
a single skinned muscle fiber on an imaging plate
with synchrotron radiation1', we studied the
arrangement of the M-ADP-Vi complex in a frog
skeletal muscle fiber.

contraction.
Results and Discussion
Monitoring force development of the fiber, we
considered that a stable M-ADP-Vi complex was
formed during active contraction in the presence of
1 mM vanadate. The results obtained with two
procedures were consistent with each other and
could be summarized as follows.
Both in the presence and absence of Ca2+, the
intensities of the equatorial reflections were similar
or close to that of the fresh relaxed muscle. This
indicates that most of the heads with ADP and
vanadate stay close to the backbone of the thick
filament. The first layer line was predominantly
the first myosin layer-line located at 43 nm'1. This
also suggests that the heads forms a helix around
the shaft of the thick filament. Actin layer-lines
were weak, suggesting that the myosin heads were
detached from the thin filament.
The results in the present study suggest that the
M-ADP-Vi complex has a weak affinity toward
actin regardless of the state of the regulatory
system on the thin filament. It is clear that the
formation of M-ADP-Vi holds the myosin head in
the detached state.

Materials and Methods
A single muscle fiber from a sartorius muscle of a
bull frog Rana catesbeicma was used. The fiber
was isolated in a relaxing solution and treated with
0.5% Triton X-100 for 10 min to make the
sarcolemma permeable to solutes. Fibers with a
diameter of 100-150 um were selected.
Experiments were conducted at the beam line
15A. Exposure time was 30 sec. To minimize the
variation in the intensity measurements, care was
taken to use the same plate in all exposures and to
keep constant the interval between the exposure
and scanning.
Dantzig and Goldman2) reported that a stable MADP-Vi complex is formed only during active
contraction.
Following their methods, two
procedures were adopted. One involved Ca2+-free
contraction at a depleting MgATP concentration
(50 uM) and the other, ordinary Ca2+-activated

References
l)Yagi,N., Takemori,S. & Watanabe,M. (1993) In
Mechanism of Myofi lament Sliding in Muscle
(Sugi & Pollack eds) pp.423-432, Plenum Pub.
Co., New York
2) Dantzig,J.A. and Goldman,Y.E. (1985) J. Gen.
Physiol. 86, 305-327
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Introduction

compared to the center. Another is a local
effect which can be noticed by the rather noisy
background in the pattern.

A new X-ray detector system based on an X-ray
image image intensifier and a cooled CCD camera has been developed1'. The image intensifier
has an aperture of 150 mm*1 and the CCD camera has 1024 x 1024 pixels. This system has an
advantage not only that it is free from countrate limitation but also that it has a high sensitivity and a low noise. Thus it is suitable for
recording a diffraction pattern from a weakly
diffracting material. We used this system to
record an X-ray diffraction pattern from a single
skinned muscle fiber of frog.

Discussion
The present study shows that this detector system can be used in place of an imaging plate. It
has an advantage over an imaging plate that the
sensitivity is stable and thus the intensities can
be compared directly between different exposures. The non-uniform sensitivity over the
detector area should be corrected using an
appropriate method.
We have used this system to study the
effect of MgADP on the structure of rigor muscle fibers. The results will be reported elsewhere.

Methods
Single muscle fibers with a diameter of 100-150
(im were dissected from a sartorius muscle of
bullfrog, and treated by Triton to permealize the
cell membrane. An X-ray diffraction pattern
was intensified by the X-ray image intensifier
was recorded by the cooled CCD. Images were
read out through a 12-bit A/D converter to a
frame grabber installed in a personal computer.
An X-ray exposure was 60 sec. There was no
sign of radiation damage after several exposures.
The experiments were made at BL15A with a
specimen-to-detector distance of 140 cm.

References
1) Amemiya,Y. et al., SRI94 abstract (1994)
2) Yagi,N., S.Takemori & M.Watanabe In
"Mechanism of Myofilament Sliding in Muscle"
pp.423-432, Plenum Pub. Co. (1993)

Results
Figure 1 is an X-ray diffraction pattern from a
single skinned fiber in a relaxing solution after
background subtraction. Although the diffraction from a single fiber is quite weak, the pattern clearly shows the features like the myosin
layer-lines. The quality of the pattern is comparable to that recorded on an imaging plate '
showing that the sensitivity and noise of the system are similar to that of an imaging plate.
However, there are two kinds of spatial nonuniformity in sensitivity : one is a global effect
which reduces the sensitivity in the periphery

Figure 1
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Introduction
The initial step of the visual process is the absorption
of light by the visual pigment. The squid visual pigment
is located in microvilli which are cylindrical extensions of
the cell membrane, arranged hexagonally within the
rhabdomes. Untill now, only a few papers have been
published on the structural study of invertebrate rhabdomes
by x-ray diffraction. In those papers, however, the retina
fixed by glutaraldehyde was used, because this tissue
disintegrated within 1 hour of dissection. Previously, we
have reported that we could succeed in recording the x-ray
diffraction pattern from unfixed retina by the use of the
synchrotron radiation and a storage phosphor screen, the
imaging plate1'. Also, we have reported the some change
of diffraction pattern induced in response to the light
stimulation2'.
In the last study, we have repeated x-ray experiments
with samples in the artificial seawater containing other
ionic components than the previously used one, in order to
disclose the relation between the light-induced structural
changes observed previously and the visual excitation of
photoreceptors. Unexpectedly, however, the symmetry of
diffraction intensities differed between them; that is, the
mirror symmetries on both vertical axis (b-axis) and
horizontal axis (a*-axis) which were observed with the
retina in the previously used artificial seawater, were lost
with the retina in the newly adopted one3'. This result
suggests that the mirror symmetries of the microvillar
cross-section are lost by changing the ionic composition of
artificial seawater, but the lattice arrangements of microvilli
are kept nevertheless. Thus, we have done the experiment
to account for which component of the artificial seawater
causes this change.

Experimental
Living, active specimens of the squid, Watasenia
scintillans were captured at Toyama Bay of the Japan sea
and brought to Tsukuba within several hours. The squids
were decapitated and their retinas dissected in dim red
light. For the x-ray experiment, a 1-mm thick slice of
retina was kept in an artificial seawater chamber with
Mylar windows at 4 °C. Schematic diagram of a slice of
squid retina was shown in the previous report1'. The
artificial seawater containing D-glucose was oxygenated
and gently circulated through the sample chamber during
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the experiment. A 100 W halogen lamp in conjunction
with an interference filter and a heat filter, was used for
light stimulation (about 500 nm in wavelength).
X-ray experiments have been performed with a
mirror-monochromator optics (the Muscle Diffractometer)
at BL-15A1 4 '. The wavelength of the radiation was 0.150
nm. The sample-to-detector distance was 1872 mm. X ray diffraction intensity was recorded on the imaging plate
and stored on magnetic tape after converting to the digital
signals with the image reader and the image processor5'.
X-ray diffraction data were successively taken with the
same sample in the dark and light, respectively. The
exposure time was 3 minutes and each recording finished
within 40 minutes after decapitation.

Results
The x-ray diffraction patterns showed two types; that
is, the mirror symmetric and asymmetric ones with respect
to both vertical and horizontal axes, by using newly
adopted artificial seawater. Therefore, the origin of the
asymmetry in diffraction pattern could not be disclosed.
In response to the light stimulation, the change of
diffraction pattern was also observed with retina in the
artificial seawater containing choline ion instead of sodium
ion.
References
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(1988)
2) T. Hamanaka et al., PF Activity Report, No.7, 131
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Introduction
Ovomacroglobulin (OMG) is a homolog of human
a2-Macroglobulin (a2M). a2M is a high molecular
mass (720 kDa) protein in plasma that inhibits proteinases.
What is characteristic to this inhibitor is that it can inhibit
almost all kind of endo-proteinase. The mechanism of this
inhibitory reaction is called "trap mechanism", which is
triggered by the cleavage of so called "bait-region" that is a
part of a2M polypeptide chain by proteinase n) . This
cleavage is followed by the conformational change of a
2M that engulfs the proteinase, which physically inhibits
proteinase to access substrates. During this reaction
intra-molecular thiolester in a 2M molecule is cleaved.
Our plan is to understand this trap mechanism from
bio-physical point of view to know the underlying relation
between structure and function and to know the potential
of protein.
We have already studied the kinetics of the trapping
conformational change of human a 2M observed with time
resolved small angle X-ray scattering (SAXS)' z '. This
study called the relation of the conformational change and
trapping mechanism into question. To get further
information we are now comparing the trapping reaction
between homologs of a2M in different species and
different tissues.
Last year, we observed the kinetics of the
conformational change of a 2M that had been found in the
plasma of horseshoe crab, Limulus polyphemus, reacting
with trypsin. Limulus a 2M (LAM) was selected because it
was thought to be a simple model of a2M. LAM was
reported to be a homo-dimer of 185-kDa subunits<3)
while human a 2 M is homo-tetramer. LAM traps one
trypsin molecule while human a 2 M traps two trypsin
molecules. The reaction of LAM with proteinases shows
interesting similarities and differences with the reaction of
human a 2M. Io value of LAM was estimated to decrease
15% with rate constant 0.59 sec"1 and Rg (radius of
gyration) seemed to change from 6.4 nm to 5.6 run with
rate constant 0.62 sec"1. Both rate constants were smaller
than that of human a 2 M reacting with trypsin (0.8 ± 0.2
sec"1) and human a 2 M dose not change Io value
significantly but changes only its Rg. The change of Io
value suggested dissociation during the reaction. Although
these results were interesting and gave new information
about a2M family, they also showed that the reaction of
LAM with proteinase was more complicated than it had
been thought.
This year we selected OMG. OMG is made of four
identical subunits as a 2 M but trap only one trypsin
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molecule and has no intra-molecular thiolester. These facts
encouraged us to investigate OMG, which is likely to be
proved to be useful in elucidating essential features of the
protein structure and function.
Experimental
X-ray solution scattering experiments were
performed at BL 15-A small-angle installation. The
stopped-flow apparatus and the data accumulating system
were renewed this year, which made our experiment easier
to accumulate a lot of shots' 4 *. The mixing ratio
(vol.: vol.) of stopped-flow apparatus was 1:1. The
temperature of the apparatus was kept at 15' C. Data of
each 100 ms time slice were recorded during 9.4 s. Data of
80 to 150 shots were accumulated. Rgs of each time slice
were calculated from Guinier plot.
Results and Discussion
Excess amount of trypsin was reacted with OMG to
make a second order reaction to pseudo-first order reaction.
Three different trypsin concentrations were used to know
the concentration dependency
of the observed
conformational change. This will show whether the rate
limiting step is second order reaction or first order reaction.
In the case of human a2M, it was first order reaction.
Human a2M was also reacted with trypsin as a standard
material to ensure the condition of this experiment. Further
temperature dependency of the conformational change of
human a 2 M will be found out because we already have
data at 5" C and the temperature is 15' C this time.
As new system for measurement and data processing
was introduced to BL-15A this year and the experiment
was done in December the data are not completely
analyzed yet. The following results are of preliminary
analysis.
When OMG reacted with trypsin, as in the case of
«2M, the scattering intensity increased in the small angle
region due to a decrease of Rg (from 7.9 nm to 6.7 nm)
and the scattering intensity decreased in the mid region.
The half life of the decrease in Rg was seemed to be
several times longer than that of a 2M.
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INTRODUCTION
A family of metal-binding glycoprotein, the
transferrins are found in vertebrate blood
plasma (transferrin), avian egg white (ovotransferrin), mammalian white blood cell and
milk, and many body fluids (lactoferrin). The
transferrins consist of a single polypeptide
having molecular weight ca. 80kDa. Recently,
x-ray crystallographic structure of rabbit
transferrin, and homologous protein, human
lactoferrin were resolved [1]. These proteins
were consist of two lobes which were connected with a short connecting peptide.
Each lobe is further divided into two dissimilar domains. The metal-binding site is located
within the intradomain cleft, and binds some
trace metal ions reversely. X-ray crystallographic structures of Fe(HI)-free and -bound
human lactoferrins show a different topology
of four domains [1]. Conformational changes
were induced on Fe-binding[2]. It was confirmed by solution X-ray scattering studies
that radius of gyration, Rg, and internal
structures of transferrin molecule were
changed [3].
Ovotransferrin shows positive cooperativity on Fe(III)-bindings, whereas there shows
negative cooperativity on AlQID-binding. And
this protein
shows non-cooperativity on
bindings of some other metal such as Cofll),
Cu(H), and Tb(III) etc.
For lanthanide(IH)
complexes of ovotransferrin, the metal release rate from these sites differed markedly
in the presence of EDTA.
The half-value
periods of the release reaction increased with
a good correlation to the atomic number on
lanthanide.
MATERIALS & METHOD
Metal-binding ovotransferrins were prepared
according to previously [2]. Solution X-ray
scattering experiments were carried out at
BL-15A of Photon Factory, KEK.
RESULTS & DISCUSSION
Radii of gyration, Rg, were calculated from
Guinier plots and were shown in Table 1.
Metal-bound transferrins and apotransferrin
at the same concentration were compared.
In metal complexes of transferrin, Rg of

metal-transferrin were dependent on the ionic
radii of bound-metal ions. Conformational
change of transferrin depends on bound-metal
ions.
Previously, stabilities of lanthanidetransferrin complexes depend on the ionic
radii of bound ions[2]. Conformational change
induced by lanthanide ions is in relation to
these ionic radii as shown in Fig. 1. These
results are in relation to stability of its lanthanide-transferrin complexes.
Table 1
Radii of gyration, Rg, for apotransferrin and Fe-, Tb-, Nd-, Yb-bound
transferrins.
The concentration of transferrins is 1.5% in lOmM Tris-HCl containing
lOtnM bicarbonate, pH 8.2.
apotransferrin
Fe-transterrin
Nd-transferrin
Tb-transferrin
Yb-transferrin

28.23 (+0.05)A
27.21 (+0.02)A
27.72 (+0.04)A
27.54 (+0.03)A
27.31 (+0.03)A

28.0

27.0

O.BO , Q90
1.0 (A)
uonic radd

Fig. 1 Relationship between Rg,ap_p of lanthanide-bound transferrins and ionic radii
of lanthanide.
[1] a) M. Haridas. B.F. Anderson, and E.D.
Baker, Photon Factry Activity Report, 9,
87 il9J92) [ProposaLKo,91-Q54]
b) B.F. AndersonTH.M. Baker, G.E. Norris,
D.W. Rice, and E.N. Baker, J.Mol.Biol.,
209 711-734(1989)
[2] K.' Ichimura and H. Kihara, Proteins,
Nucleic acids and Enzymes, 39, 2297-2309,
(1994) (Japan)
[3] D. M. Taylor, Perspectives on Bioinorganic
Chemistry, 2, 139-159 (1993)
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Introduction
We have found distinct conformational changes of the
myosin head during hydrolysis of MgATP and upon
binding of MgADP.Vi by X-ray solution scattering
techniques 1 ). The effects of binding of two MgADPfluoride complexes to SI were investigated. To clarify
the conformational change of SI in the active state,
modeling studies were done using the SI crystal
structure2).
Experimental
Papain-treated chicken skeletal SI was used
immediately after purification by gel filtration. X-ray
solution scattering was done at 19°C at BL15A. The
experiments on samples with MgADP, MgADP.Vi,
MgADP.AlF4 and MgADP.BeF3 were made. The two
fluoride complexes are a new class of phosphate analogs.
Pair distance distribution functions (p(r)) were calculated
from the intensity data of 0.003<S<0.050A-i using a
maximum entropy method. Modeling studies have been
made using a-carbon coordinates of SI crystal
structure3).

also compared to the observed ones in Fig.2. The
observed features of thep(r) functions are reproduced and
the reduction of Rg and the maximum chord length in the
active state could be explained. Better fits to the observed
data can be achieved by taking into account some
alteration of internal structure. Detailed calulations are in
progress.
References
1) K. Wakabayashi et al., Science 258, 443 (1992).
2) Y. Sugimoto et al., Biophys. J. 68 (1995) in press.
3) I. Rayment et al., Science 261, 50 (1993).
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Results and Discussion
The radius of gyration values (Rg) of SI samples used
are depicted in Fig.l, where the data at 6 mg/ml are
shown. The Rg of SI in MgATP solution was about 3A
less than that of free SI and that of the Sl.ADP.Vi
complex decreased by -1.5A. Both Sl-fluoride
complexes also decreased to a value close to that of
Sl.ADP.Vi, suggesting a conformational analogy of
these complexes with the Sl.ADP.Vi and/or the
Sl.ADP.Pi.
To analyze the conformational change of SI in the
active state, modeling studies were carried out for free S1
and SI in MgATP solution. The crystal structure was
slightly modified to fit to the scattering data of free SI.
To get a model of SI in MgATP solution2), we applied a
rigid-body bending of a residue to the free SI model. The
present best-fit models are shown in Fig.2. The
scattering curves from these models gave a fairly good
agreement with the observed ones. p(r) functions were

S1 No Nucleotide
S1.ADP-Vi
S1.ADP-AIF,
S1 in MgATP
S1.AOP-BeFn
S1.ADP
Skeletal S1, 6mg/ml

F i g . l The radii of gyration of various samples at
6mg/ml.
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SI no nucleotide
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200

SI in MgATP
•
Obs.
Calc.

\
\

/ . X

0

50

100

150

ZOO

r(A)

F i g . 2 Models and comparisons of p(r) functions for free
SI (left) and for SI in the active state (right).
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Introduction
It is well known that phosphorylation of light chain
on the heads of myosin molecules is an integral
component of the regulatory mechanism of smooth
muscle. We started x-ray scattering study on the structural
alterations of myosin sub fragment-1 (SI) and heavy
meromyosin (HMM) from smooth muscle with and
without phosphorylation in the absence and presence of
MgATP.

Experimental

those of MgADP-fluoroaluminate and fluoroberyllate,
which are the other analogs of the MgADP.Pi, were
different from it.2)
Fig.2 shows the preliminary modeling studies using
the aggregate of lOA-diameter spheres on the
conformational change of the HMM molecule without
phosphorylation in the absence and presence of MgATP.
Bending down of the two heads around the head-rod
junction seems to be caused by binding of MgATP.
References
1) K. Wakabayashi et al., Science, 258,443(1992).
2) Y. Sugimoto et al., Biophys. J. 68 (1995) in press.

Smooth muscle SI and HMM were prepared from
turkey gizzard myosin by Staphylococcus protease
digestion. Phosphorylation of light chain on them was
made by myosin light chain kinase and ATPyS. X-ray
solution experiments were done at 19°C with the smallangle diffractometer at BL15A. Scattering data were
collected with a 1D-PSD. The protein concentration was
varied from 3 to 10 mg/ml.
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Results and Discussion

5 mg/ml
O -PI

47

i

The Guinier plots of scattering data from all samples
gave straight lines in the range of 0.0028<S<0.0048A-i
(S=2sin9/A,), showing no aggregates in solution. From
the slope of straight lines in this plots, the radii of
gyration (Rg) were determined from all samples. In the
case of HMM, the apparent Rgs were given because the
small-angle data enough to determine true values could not
be measured. The Rg values at 3mg/ml for HMM and
5mg/ml for SI are depicted in Fig.l. When HMM was
phosphorylated, the Rg value decreased by ~7A. In the
presence of MgATP, further decrease (~8A) in Rg
occurred. Without phosphorylation of light chains, much
larger decrease (~14A decrease) in Rg as well as the change
of the scattering profile occurred upon addition of MgATP.
When SI was phosphorylated, the Rg value tended to
slightly increase in the absence of MgATP and decrease
upon addition of MgATP. The Rg value of S1 without
phosphorylation decreased by about 3A upon addition of
MgATP, being similar to the skeletal muscle SI 1 ). The
effect of MgADP.Vi, which is an analog of the
MgADP.Pi, was similar to the skeletal muscle SI, but

60

43

HMM
HMM + ATP

56

S1 No NucleotldB

S1.ADP.VI

S1 in MgATP

S1.ADP-AIF<

S1.ADP

SLADP-BeF,

42

Fig.l The apparent radii of gyration of various samples.
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Fig.2 Models and comparisons of p(r) functions in the
absence (left) and presence (right) of MgATP.
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that the actin molecule is crosslinked to the
proximal end of the SI molecule.

Introduction

In order to study the structure of a complex of
monomeric actin and myosin head (SI),
nonpolymerizable G-actin was prepared by the
reaction of G-actin with m-maleimidobenzoic
acid N-hydroxysuccinimide ester (MBS) and 5diazonium tetrazole (DHT).1) Recently, we
succeeded to make an 1:1 complex of monomeric
DHT/MBS-G-actin and started an X-ray solution
scattering study on the structure of this complex in
solution.

References
1)T. Arata, J. Biochem., 109, 335 (1991).
2) N. Iwasaki, T. Arata, Y. Takezawa,Y. Sugimoto,
M. Tokunaga and K. Wakabayashi,
PF Activity Rep. #11,351 (1993).
3) M. Garrigos, S. Mallam, P. Vachette
and J. Bordas, Biophys. J. 63,1462 (1992).

Experimental
DHT/MBS-G-actin was chemically crosslinked
to the regulatory light chain-deficient Si
through MBS. The crosslinked complex was
column-chromatographed and ultracentrifuged to
remove unreacted SI, actin, and aggregates. Xray scattering was performed by using the smallangle diffractometer at BL-15A. Measurements on
DHT/MBS-actin-Sl complex were made using a 1DPSD in an exposure time of 5 min at 18°C The
protein concentration was varied between 2.9
mg/ml and 11.6 mg/ml.
The specimen-todetector was 2351 mm.

DHT/MBS-G-actin-Sl complex

12

Results and Discussion

The Guinier plots of the net scattering data were
linear for all specimens in the range of 0.081 x 10'4
< S2 < 0.150 x 10'4 A'2 . There was no evidence of
upward curvature at lower values of S 2 , showing no
aggregates in solution.
Fig.l shows the
concentration (c) dependence of the radius of
gyration (Rg). The Rg value, extrapolated to
zero protein concentration, was 60.6 A . The
zero-angle intensity (I(0)/c) versus c plot also
was linear and extrapolation of this plot to zero
concentration yielded a value of 160 kD as an
apparent molecular weight, which was determined relatively using the bovine serum albumin
(Fig.2). This estimated value was close to that of
the sum of the molecular weights of actin and
SI used. The Rg value of DHT/MBS-G-actin is
23.6 A 2) and that of this SI was 40 A, consistent
with the report by Garrigos et al. 3) Using these
values and from the parallel axes theorem, the
distance between the centers of gravity of two
molecules in the complex was estimated to be
about 100 A . This relatively large value suggests
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Fig. 1 The apparent gyration radius (Rg) of
monomeric actin-Sl complex as a function of protein
concentration (c). As a reference , the data of bovine
serum albumin are also plotted.
250 F
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A DHT/MBS-G-actin-S1 complex
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Fig. 2 The zero-angle intensity (I(0)/c) versus c
plot of monomeric actin-Sl complex. As a reference,
the data of bovine serum albumin are also plotted.
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the radial distances of 1/4 nm"1,1/2.3 nm"1 and 1/2
nm" 1 . These relatively broad reflections are
belonging to their principal layer lines. The shift
of the second actin meridional reflection at 1/1.35
nm"1 toward the equator is much clearly seen
during contraction. About 0.3% increase of this
spacing corresponding to the filament elongation
was consistent with the shift of the first actin
meridional reflection reported in our previous
result. 3 ' Changes in thick filament-based
reflections are seen: among the meridional
reflections with the 3n orders of the basic 43 nm
repeat, the intensities of the 15th and 24th
reflections increased, while those of the 18th,
21th and 27th ones decreased during contraction.
Their spacing increase was as large as 1-1.5%.

Introduction
We have been analyzing the structural change
of the thin actin filaments in live frog skeletal
muscle during isometric contraction using the
atomic structures of constituent proteins.1' To obtain
high-angle data, we extended to record the
medium-angle X-ray diffraction patterns up to ~1
nm axially. We describe some features of the
diffraction pattern in the medium-angle region
during contraction.
Experimental
X-ray diffraction patterns from the sartorius
muscles of the bullfrog were recorded on a 18x18
cm 2 imaging plate at BL-15A in the resting state
and during contraction at full filament overlap at
15°C. The fiber axis was tilted by ~ 3° to bring the
second meridional actin reflection at 1/1.35 nm"1
onto the sphere of reflection. The electric pulse
stimulation was applied to the muscle for 1.3 s and
this was repeated 20 times at resting intervals of
0.5 min. Diffraction pattern was recorded for 1 s
during the plateau phase of isometric tension and
summed on the sample plate during repetitive
stimulations. The last tension was just less than
80% of the initial tension. Before stimulation, the
resting patterns were recorded for the same
exposure time. The specimen-to-detector distance
was 0.75 m.

References
1) Y. Ueno, et al, In Synchrotron Radiation in
Biosciences, Chance et al. eds., Oxford Univ.
Press, p.443 (1994).
2) H.E.Huxley, Cold Spring Harbor Symp. Quant.
Biol. 37, 361 (1973).
3) K. Wakabayashi, et al., Biopys.J. 67,2422
(1994).
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Results and Discussion
Fig.l shows the comparison of the paired X-ray
diffraction patterns from the resting and
contracting muscle, where the patterns were
filtered and the Gaussian background was
subtracted to see weaker layer-line reflections in
the medium-angle region. During contraction, the
thin filament-based reflections are intensified
with preserving their distribution along the layer
line, similarly to the low-angle layer lines. In the
low-angle region, the intensity reversal of the
second and third thin filament-based layer lines
was clearly seen during contraction at this camera
length, as was suggested in earlier experiments.2)
This change has been attributed to the
tropomyosin movement in the actin filament on
activation. Distinct intensification was also
observed at several places on the low lines around

(a)

1/1.35nm1

(b)

Fig.l Diffraction patterns from a frog skeletal
muscle in the resting (a) and during contraction (b).
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Introduction
We studied the effects of stretch on the structure of
frog skeletal muscles in the rigor state. We found
that small but distinct changes of the thin filament
structure firmly attached by the myosin heads were
caused by stretching, which have not been shown
previously. Main results are described below.
Experimental
Sartorius muscles of the bullfrog were rigorized
at full filament overlap with iodoacetate
treatment for more than 24 hrs at room
temperature. The rigor muscle was set in the X-ray
chamber and stretched for 5 s by the force of nearly
half the maximum active tension with a moving
coil-driver.
X-ray diffraction patterns from
muscles were recorded before stretch and during
stretch each for 4.5 s on an imaging plate at BL15A.
This was repeated three times and the diffraction
patterns were Summed on the same plate. The
specimen-to-detector distance of 1.55 m was used to
cover the first actin meridional reflection.
Results and Discussion
Fig.l shows a comparison of the paired X-ray
diffraction patterns from the muscle before stretch
and during stretch. At first glance, both patterns
are quite similar to each other. However,
careful inspection indicated that there were
several distinct changes which were caused
by stretching. The actin meridional reflections at
1/2.7 nm-l (Fig.2) and the two layer lines at 1/5.1
nirr 1 and 1/5.9 nm- 1 shifted toward the equator,
showing their spacing increase of 0.25% on average
with preserving their integrated intensities. The
center of gravity of the 5.9 nm layer-line profile
moved slightly to the high-radius side but that of
the 5.1 nm layer-line profile did not move. The
intensity profile of the 2.7 nm meridional reflection
changed little. The meridional reflections such as
1/4.8 nm-l, 1/7.2 nm-l and 1/14.4 nm-l w hich
originally arise from the myosin filament repeat
shifted toward the equator; their spacing increase
was 0.18% on average. The integrated intensity of
the 14.4 nm reflection increased by about 25%,
while those of the other two reflections less

increased, in contrast with the change taking place
in the active muscle during stretch.i)
Thus,
stretching the rigor muscle causes the elongation of
the thin and thick filaments by similar amount to
that observed in the active muscle.2) There is
relatively large intensity increase of the 14.4 nm
meridional reflection, which indicates that the
conformational change of the attached myosin
heads may be caused by stretching.
References
1) H. Tanaka, T. Kobayashi, Y. Amemiya,
K. Wakabayashi, H. Iwamoto, and H. Sugi,
PF Activity Rep. #3, 241 (1984/85)
2) K. Wakabayashi, Y. Sugimoto, H. Tanaka,
Y. Ueno, Y. Takezawa and Y. Amemiya, Biophys.
J. 67, 2422 (1994)
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Fig. 1 X-ray difraction patterns from rigor frog
skeletal muscles before and during stretch.
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It is well-known that GroEL from E. coli belongs
to the heat shock-protein Hsp60 family. This GroEL
functions with GroES in an ATP-dependent manner
during the folding and assembly of protein substrates in
vivo. The GroEL chaperons the refolding of a number
of denatured enzymes with or without ATP in vitro.
The GroEL consists of 14 equal subunits, whose
molecular weight is 57.3 x 103 as calculated from the
amino acid sequence.
The molecular architecture of native GroEL has
been studied by solution X-ray scattering^. The radius
of gyration for the native molecule was estimated to be
66.0 A in 50mM Tris-HCl, lOOmM KC1 at pH 7.5 and
25° C. The maximum dimension was estimated to be
170 A, based on the pair distance distribution function.
Results of the model analysis using small sphere model
(r = 6 A) show that the shape of GroEL is like a
cylinder of which radius and height are 68 A and 150.7
A, respectively. The whole structure of GroEL is
similar to a crystal structure (0=137 A, h= 146 A)
shown by K. Braig et. al 2\ However, the central
penetrating hole through GroEL was not confirmed in
the best-fit structure by small sphere model. In stead of
a penetrating hole, there were two caves on both end of
the heptames. The radius of the cave was one third (23
A) of the cylinder radius and the depth was one sixth
(25 A) of the cylinder height.

diminished the central cave were not coincident with
the measured pattern. Thus, the external shape of
GroEL model should be changed. When ATP was
bound to GroEL, the radius of the cylinder was smaller
than that of GroEL without ATP, while the height of
GroEL remained constant with and without ATP.
The kinetics of 20mM Mg2+-ATP binding to 4.5
fi M GroEL oligomer was analyzed by using stopped
flow X-ray scattering in 50mM Tris-HCl, lOOmM KC1
at pH 7.5 and 25° C. The time course of this structure
change is shown in the Figure. The ordinate displays
integral values of scattering intensity from 260th to
300th channel. The decrease in integral values of
scattering intensity indicates that the structure of
GroEL would change in some part in Guinier region.
The rate of the structure change was estimated to be
about 0.02 s"1.
58000
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We monitored a static solution X-ray scattering of
GroEL, binding to ATP analog (AMP-PNP) in 50mM
Tris-HCl, 20mM Mg2+, lOOmM KC1 at pH 7.5 and
25° C. The Rg of GroEL in the presence of the ATP
analog decreased about 6% in its absence. One can
expect that this change would be due to an alternation
in the inside structure of GroEL. However, the
scattering patterns of the small sphere model that
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Introduction
Only when some special glycerophospholipid
is dispersed in pure water, self assembling
occurs, and only one gigantic aggregate is
produced . Besides, when the self assembled
lipid is mixed with other non-assembled lipid,
all the lipids present self-assemble together, and
only one gigantic aggregate is produced. When
these two types of aggregates are studied by
differntial scanning calorimetry (DSC), it is
impossible to distinguish them, in spite of much
differene of molecular composition. In this
paper, how to distinguish them by X-ray
diffractometry will be reported.
Experimental
Self assembled sample is put into a small quartz
vessel, and the vessel is sealed in an aluminum
pan with holes on both bottom and top, and the
pan is set in a DSC apparatus with holes, in
which X-ray beam can pass through via the
sample to a detector. Temperature dependent
phase transition behavior is studied by DSC and
X-ray diffractometry at the same time by using
the beam line 15A of the Photon Factory, KEK
Japan.
Results and Discussion
In Fig. 1, results of the mixture of DPPA and
DPPC(molar ratio of 0.01:0.99) are shown: where
DPPA(dipalmitoylphosphatidic acid) is a self
assembing lipid, and DPPC(dipamitoylphos
phatidylcholine) is a non assembling lipid. In this
case, only one molecule of DPPA controls onesidedly all the other 99 molecules of DPPC to
build only one gigantic aggregate. DSC curve
and temperature dependences of three outer X-ray
diffraction lines, all of them reflect main phase
transition of the sample, shows exactly the same
manner as that of pure DPPA. However, the
innermost X-ray diffraction line changes
independent of main phase transition, which
implies that alkyl chains of the aggregate exhibit
more complicated movement with temperature.
*^
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Introduction
Uterus is a characteristic organ which undergoes
reversible and extensive changes during pregnancy.
Hormonal environment and mechanical stimuli from
growing fetuses are considered to cause these
changes. In the previous (91-225) and present
proposal, using imaging plates, we have succeeded
to record two-dimensional X-ray diffraction patterns
from intact smooth muscles at physiological
conditions. The patterns from taenia coli of guinea
pigs and anococcygeus of rats showed dynamic
structural changes in its contractile elements with
contraction^: It is suggested that number of myosin
filaments may increase during contraction of rat
anococcygeus muscle but not guinea pig taenia
coli. In the present study we tried to elucidate the
structure of rat uterine muscle.
Materials and Methods
Female rats of Wistar-Imamichi strain (180-250
g) were used. The day 0 of pregnancy was
determined when sperm is observed in the smear of
vaginal contents after mating. In almost all
pregnant rats, delivery occurs on the 21st day of
pregnancy. On the 21 st day of pregnancy before
the beginning of delivery, a 15x30-mm sheet of
uterine tissue was excised from corpus uteri. In
vivo extension was kept by splinting the tissue with
a 30-mm square silicone-rubber sheet. As soon as
excised, the tissue was soaked in a 37°C
physiological saline bath equilibrated with bubbles
of 95% O2 + 5% CO2. In the bath, endometrium
and cricoid muscle were stripped off on the
silicone-rubber splint. Remaining tissue is a sheet
of longitudinal muscle cells aligned well on a serous
membrane. The sheet is about 200 \im thick. In

the preliminary experiment of the present study,
we found that the longitudinal muscle sheet
isolated from cricoid muscle develops tension of
1.4-3.4 N/cm2, which is somewhat smaller than
that developed by an intact uterine tissue (4.6-5.7
N/cm longitudinal muscle sheet) .
The muscle sheet with the silicone-rubber splint
was set vertically on the X-ray beam of BL-15A.
The 3 7 ° C physiological saline was constantly pouring
over the muscle. A 5-mm square hole at the center
of the splint allowed the beam to pass through the
muscle sheet. Diffraction patterns were recorded
on Fuji imaging plates with 60 s exposure.
Results and Discussion
The diffraction pattern showed the 3rd, 5th and
higher orders of reflections from collagen. The 4th
order reflection was also clearly observed. These
reflections were observed as wide arcs across the
meridian. The width of the arc narrowed with a
longitudinal stretch of the muscle sheet. The 5.9nm actin layer-line was observed. Its intensity
distribution seemed to be less dependent on
stretching of the specimen. On the equator, a broad
peak probably due to arrays of thin filaments was
observed. No reflection or layer line from myosin
filament was resolved.
These results indicated that in the present
specimen, aligned myosin filaments with regular
arrangement of myosin projections are not
considerable in density.
References
1)M. Watanabe, S. Takemori and N. Yagi (1993)
J. Muscle Res. CellMotil, 14: 469-475.

304

93G230
THE EFFECT OF SUCCESSIVE STIMULATION OF THE MUSCLE ON THE TIME LAG
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Introduction

Results & Discussion

On contraction of
the muscles,
marked changes in X-ray reflections are
observed, suggesting that conformational
changes of contractile molecules and the
movement of myosin heads during muscle
contraction. However. time resolved Xray diffraction studies have been shown
that these intensity changes reach their
maximums before the peak of tension. The
time lag between the intensity changes
and the peak tension may give us the
information about conformational changes
of actin and myosin filaments to develop
tension.

The time needed to the peak tension
after the onset of stimulation (Ti) and
the amount of peak tension
(Fi) depend
on the number of twitch cycle. As the
number of twitch cycle increases. Ti
decreases and Fi increases. But both Ti
and Fi become constant at the twitch
cycles more than three times under the
present
experimental condition.
The
maximum effects of successive twitches
on Ti and Fi are seen at the 3rd twitch.
The intensity of the 14.3 and 21.5
nm reflections measured with a 5 ms time
resolution are shown in Fig.l, together
with the isometric tension record. The
time needed to peaks of the 14.3 nm
intensity change after the onset of
stimulation (Iij also becomes shorter by
successive twitches as in the case of
Ti.
On the other hand, the 21.5 nm
intensity starts to decrease at the 1st
twitch
and
remains
low
without
appreciable recovery of the intensity
while contractions continue, suggesting
that the myosin heads once moved from
their resting positions at
the 1st
twitch never return to their initial
positions during successive twitches.
Both Ti and Ii decrease, but the
difference, Ti-Ii is fairly constant at
any twitch cycle, suggesting that the
time for movement of myosin heads from
thick to thin filaments is negligibly
small.

Materials and Methods
The experiment was done at the beam
line 15A. using a small-angle X-ray
diffractometer. Sartorius muscles of the
bullfrog were continuously perfused with
the Ringer solution (115 mM NaCl. 2.5 mW
KC1, 1.8 mM C a C K pH 7.2 at 13°C) , and
were stimulated by 5 successive stimuli
at an interval of 80 ms during which the
following twitches started while tension
was still being exerted by the muscles.
Contractions were repeated 10 times for
each muscle at a 20 s interval.
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Fig.l The 1st stimulus is given at t=0.
and the
times when the
muscle is
stimulated are shown by the vertical
lines. Both intensity and tension are
expressed relative to the peak value of
each change. Each data point represents
a mean value of 6 different muscles.
(•): 14.3 nm. jo); 21.5 nm intensity.
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When a stoichiometric amount of ATP is
photo-produced in muscle fibre, the unloaded
fiber shortens about 10 nm per half sarcomere,
the distance which is comparable to the tilting of
myosin head [1]. Our previous studies indicated
that the crossbridge configurations of the fibres
thus shortened were different from those of rigor
fibres [2]. In the present study we investigated
in more detail the crossbridge configuration of
the muscle fibres similarly treated by use of two
dimensional X-ray diffraction technique.
The photolysis of caged ATP was made by a
light flash produced with a Xe-lamp (Eagle co.).
X-ray diffraction of muscle fibres was obtained
by use of an X-ray beam emitted from a
synchrotron (Photon Factory, Tsukuba) and
recorded on imazing plates. A bundle of about
ten single glycerinated fibres prepared from
rabbit psoas muscle was mounted by connecting
each fibre end to the extension of a force
transducer and a servomotor with T-clips. The
sarcomere length of fibres was set at 2.5 um •
The preparation originally in relaxed state was
put in a rigor solution. After rigor tension was
fully developed it was transferred to a caged
ATP solution. Then the preparation was put in
air and light-flashed. The fibers produced
tension (about 1/3 Po) following the
photogeneration of about 110 uM ATP. At 250
ms after the light flash, X-ray exposure was
started and stopped at 3 s later.
Then
immediately the preparation was put in relaxing
solution. This cycle was repeated 20 times and
all the data accumulated to improve the
resolution of the diffraction patterns.
The equatorial diffractions of the fibres
following the photogeneration of 110 uM ATP
showed only small changes indicating almost all
the crossbridges are attached with thin filament
and disordering of the filament lattice is
minimal [3]. On the other hand their meridional
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diffraction patterns showed significant changes
from those of the rigor fibres; i.e., compared
with the diffraction pattern of rigor fibres the 5.9
nm actin layer line became weak and shifted
away from the center (Fig. 1), the 14.3 nm and
21.5 nm myosin layer lines became weak.
The crossbridges in the fibres photoactivated
as above are not cycling but may be frozen in
force producing states. The above results
indicate that these myosin crossbridges remain
attached with thin filaments but are in
configurations different from those of rigor
states.
References
[1] Yamada et al. (1993) / . Physiol. 466, 229243.
[2] Yamada et al. (1993) / . Muscle Cell Motil.
14,358-359.
[3] Yamada et al. (1994) Biophys. J. 66, A193.
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Fig. 1. The intensity distributions along the
5.9 nm actin layer line. Solid circles and open
triangles respectively represent the data points
before and after the caged-ATP flash.
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Introduction
Rheo-optical studies are conducted on a sphere-forming
block copolymer. Small-angle X-ray scattering
(SAXS) is detected with a stage-mounted Imaging
Plate(IP) detector recently developed at the Photon
Factory. X-ray data are simultaneously obtained with
stress measurements on large-amplitude oscillatory
shear deformation, with the purpose to elucidate a relationship between macroscopic properties of the systems and their mesoscopic structure as revealed by
SAXS.
Experimental
Figure 1 shows the schematic diagram of the optical
system of SAXS apparatus with an Imaging Plate (IP)
X-ray detector mounted on a Y-Z stage and a hydraulic
sample deformation device *) that are controlled by a
computer. The direction of the oscillatory shear deformation is the Oy axis. The X-ray beam is irradiated
along the Ox axis. It is also irradiated along Oz axis
by rotating the sample by 90° around the Oy axis.
There is a 100mm x 100mm square aperture for the
scattered X-rays in front of the IP stage. The size of
the IP is 400mm x 200mm, which is used by dividing
into eight sections. Each section is moved to the position of the aperture in turn as shown in the figure and
the X-ray pattern is recorded. The IP stage and the
magnet shutter move synchronously at any phase of
the strain and are controlled by a computer. The X-ray
data are detected simultaneously with the analog data
such as stress and strain. The studied sample is a
polystyrene-block-poly(ethylene-alt-propylene)
copolymer (number-average molecular weight
Mn=3.4xlO^, heterogeneity index Mw/Mn=1.3 where
Mw is weight-average molecular weight, and the PS
volume fraction in the copolymer is 0.103) having
spherical micro domains composed of polystyrene
block chains (PS) in a matrix of poly(ethylene-altpropylene) block chains (PEP). The amplitude of the
strain is 50% and the frequency is 0.0944 rad/s.
Results and Discussion
The results indicate that the spheres are packed in a
body-centered-cubic (bcc) lattice and that the shear deformation induces a preferential orientation of (110) lattice planes parallel to Oxy plane. Figure 2 shows the
deformed bcc lattice (a) and SAXS pattern (b) at a maximum strain at tenth cycle. The angle of peak position
Y is defined as shown in figure 2(b). Figure 2(c)
shows the change of \|/ (solid circle) obtained by

exposing for 1 sec at eight phases of a half cycle, and
the result of fitting (solid line) these data by a sinusoidal curve. In this figure the stress and the strain are
also shown. The dynamic lattice deformation is inphase with the macroscopic strain, but lags behind the
macroscopic stress.
Reference
1) S. Suehiro et al. Analytica Chimica Acta,
184,41(1986)
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Figure 1. Schematic diagram of the optical system of
the SAXS apparatus with a stage-mounted Imaging
Plate X-ray detector and a hydraulic sample deformation
device that are controlled by a computer.
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Figure 2. Relation between (a) the lattice deformation
and (b) the peak position, \|/ of two-point SAXS pattern arising from (110) planes, (c); Variation of peak
position >)/(—•—), macroscopic stress(
-) and
strain(———) with phase angle of sample deformation
obtained at 10th cycle and room temperature.
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pair distribution function of the particles, and
the sublattice correlation function of the
precipitates respectively. When we take the
correlation length for 4>(r), g> larger than the
interparticle distance, remarkable increase in the
intensity at 100 is observed due to the large
coherent 100 domain. On the contrary, the 100
profile is just the sum of the individual particle
scattering if g is less than the interparticle
distance.

Introduction
The decomposition process of Al-Li
alloys is of particular interest because the
decomposition path has not been yet fully
understood. According to several researches,
the system should order homogeneously first,
and then the secondary spinodal decomposition
occurs. But naturally, there arises a question
whether one can imagine a 'homogeneously
ordered' state for an off-stoichiometric sample.
The interesting point is whether the
domain size of initial ordering stage is smaller
or larger than the spinodal wavelength in the
secondary spinodal decomposition. For this
purpose, we modelled the 100 profile in the
similar formulation as used in SAS, and
discussed the effect of sublattice correlation
among the neighboring precipitates.

Formulation of the SAS/100 intensity
After the compositional modulation
occurs to form precipitates, the system can be
described in terms of the particle systems
consisting of ordered precipitates dispersed in
the disordered matrix.
If the long-range
ordered state is achieved in the initial stage of
ordering, one can expect an interference effect
in 100 profile. We formulated the 100 intensity
by two-phase model. The SAS intensity can be
written as;

Results and Discussions
The scattering intensities obtained for Al11.8Li aged at 393K are shown in Fig. 1. It is
clearly seen that no interference effect is
observed in the very early stage of phase
decomposition. It has been observed that the
Guinier radius for 100 is slightly larger than that
for SAS, but not so large as the interparticle
distance. This results agrees with the simulation
results, which suggest no LRO state prior to the
phase separation.
references
1. W. Soffa and D.E.Laughrin, Acta metal!.
mater. 37(1989),3019.
2. A.G. Khachaturyan et al., Metall. Trans.,
19A(1987),249.
3. H.Okudaetal. in Sol. Sol. Phase Transformations, Ed. W.Johnson et al., TMS 1994, 371

l(k)= t±p2<\)2(kR)[\-yv$(\ -P(r)) sin(
The 100 scattering intensity can be written as :

J(k)= S2$2(k' R^l + j/jP(r)#-)sin(^r)dr]

(2)

where the scattering vector, k, is the sum of the
vector to the 100 reciprocal point, ko , and the
deviation from the point, k'. k' corresponds to
the scattering vector k for SAS. <I>,S, P(r), and
<j)(r) are the form factor,LRO of the precipitates,

Fig. 1
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application of the SAXS stopped-flow
technique to monitoring very fast protein
folding processes in a millisecond time
interval.

We have reported the application of synchrotron small-angle X-ray scattering (SAXS) to
the study of protein folding to investigate a
globularization process during the folding
[1,2]. It has been shown that this process
occurs mainly at an early step within a
subsecond time interval during the folding in
bovine carbonic anhydrase and phosphoglycerate kinase. However, the main difficulty
in the use of the SAXS stopped-flow
technique for monitoring the fast protein
globularization was the low signal-to-noise
ratio. This circumstance strongly limits the
analysis of the kinetic curves to obtain the
amplitudes and rate constants of the kinetic
processes. To overcome the difficulty, one has
to make a large number of accumulations,
which demands a lot of protein sample.

1. G.V. Semisotnov et al. (1992) Abstract of
the 4th International Conference on
Biophysics and Synchrotron Radiation.
Tsukuba, Japan, p. 219.
2. G.V. Semisotnov et al. (1992) PF Activity
ReporUO: 366.
3. Smith G.C. (1984) Nuclear Instrument.
Methods Phys. Res. 222: 230-237.
1500

In this study, we show the remarkable
improvement in the signal-to-noise ratio in the
SAXS stopped-flow experiments attained by
exchange of the gas in the PSPC detector
from argon to xenon. The gas exchange
increases the sensitivity of the detector more
than three times [3], so that the signal-to-noise
ratio increases remarkably in the same experimental condition. Figure 1 shows the
globularization process during refolding of
bovine carbonic anhydrase induced by
concentration jump of urea from 8.5 M to 4
M at pH 8.0 and 15°C, and monitored by the
SAXS stopped-flow technique with (A)
argon- and (B) xenon-gas PSPC detector in
the same experimental condition. One can see
that the xenon-gas PSPC detector allows us to
obtain a good resolution of two fast kinetic
processes with quite different amplitudes
during the first 0.5 s of refolding, while the
resolutions is much poorer when we use the
argon-gas detector. Thus, the use of the
xenon-gas PSPC strongly stimulates the
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Fig.l. Refolding kinetics of bovine carbonic
anhydrase monitored by the SAXS
stopped-flow technique with (A) argonand (B) xenon-gas PSPC detector. Concentration of the protein was 7 mg/ml, and the
number of accumulation was 60.
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Introduction
The intensity ratio of the two equatorial X-ray
reflections of skeletal muscle (Ii Q/IJ l) xs
believed to reflect the number of myosin'head
attached to or in the vicinity of the thin filament.
It is known that this intensity ratio decreases as
the muscle is activated by increasing intracellular
calcium 1), but does not increase during
shortening of fully activated muscle until the load
is reduced to less than 20% of isometric tension
(PO)2,3). To test whether the intensity ratio
( I i o / I i j ) is also insensitive to shortening
velocity at a submaximal activation level, we
made a time-resolved measurement of the
equatorial reflection intensities of skinned rabbit
skeletal muscle fibers shortening at a
submaximal concentration of activating calcium.

Table 1. Upon full activation, the intensity ratio
decreased by -40%, as has been reported
earlier1). After the start of shortening at 0.1 P o ,
the intensity ratio increased by -16%, and this
accounted for -23% of the total change upon
activation (transition from resting to isometric
contraction). Shortening at 0.5 P o did not affect
much the intensity ratio. In submaximally
activated fibers, shortening at 0.1 P o increased
the intensity ratio by -12%. This value
accounted for -27% of the total change upon
activation, since the intensity ratio decreased
only -25% upon submaximal activation. The
intensity ratio was again insensitive to shortening
at 0.5 P o . The present results confirms the
previous report3) that the intensity ratio changes
toward its resting value during shortening at light
loads. Further, the present results raise a
possibility that shortening affects the activation
level of contracting fibers, especially at
submaximal calcium concentrations.

Materials and Methods
Bundles of skinned rabbit psoas fibers were
mounted on the experimental apparatus. They
were activated by raising the calcium
concentration to pCa ~ 4 (fully activated) or pCa
~ 6 (submaximally activated) at ~5°C. When
isometric tension reached a plateau, the fibers
were allowed to shorten under a load of 0.5 P o
or 0.1 P o . The time resolution of the X-ray
recording was 20 ms.

References
1) Yu, L.C., Hartt, J.E. & Podolsky, R.J.
(1979). J. Mol. Biol., 132: 53-67.
2) Podolsky, R.J., Onge, R.St. & Lymn, R.W.
(1976). Proc. Natl. Acad. Sci. USA, 73:
813-817.
3) Huxley, H.E. (1979). IR Cross-bridge
Mechanism in Muscle Contraction. H. Sugi
and G. H. Pollack, editors. University of
Tokyo Press, Tokyo. 391-405.

Results and Discussion
The intensity ratios (I^o/Iij) measured for the
four combinations of the experimental conditions
(activation level and load) are summarized in

Table 1 Equatorial intensity ratio (Ii Q/II i) under various conditions
Condition
full active 0.1 P o
full active 0.5Po
submaximal 0.1Po
submaximal 0.5Po

resting
1.05
0.92
1.18
1.25
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isometric
0.62
0.62
0.89
0.99

shortening
0.72
0.65
0.97
1.02
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In a previous work ' , X-ray diffraction patterns from the anterior byssus retractor muscle
(ABRM) of Mytilus edulis were recorded with a
short camera length of 60 cm in order to observe
layer line reflections in both small— and mediumangle regions, from the equator to the 6.9 A
layer line, using an imaging plate of dimensions
200x200 mm. From changes in the axial period of
strong meridional r e f l e c t i o n s in the
medium
angle region, elongations of the thin and thick
filaments were estimated to be 0.48, and 0.33%,
respectively, in the ABRM that isometrically held
a tension of 12.2 kgcm . However, i t was difficult to measure changes in the axial period of
the off-meridional 51, and 59 A layer lines accur a t e l y in the X-ray patterns recorded at 60 cm
from the specimen. Changes in the axial distance
of those layer lines were smaller than one pixel
step, 0.1 mm, at which the intensity data were
read from the imaging plate.
Moreover, overlap
between the very strong 59 A, and the weak 51 A
layer line r e f l e c t i o n s makes i t d i f f i c u l t to
locate the centre of the latter reflection.
In this work, the specimen was set away from
the focusing point of the X-ray beam to the
utmost limit, 220 cm, in the point-focusing camera at BL-15A in
order to effect
s e p a r a t i o n be51 A
tween layer line
reflections.
For
59 A
activating
the
thin
filaments
almost over the
total length, the
specimen
was
fixed at a natur a l length at
which the thin
filaments fully
overlapped the
thick
filaments ', and s t i mulated
by a
strong a c e t y l choline solution
(10~3 M). Small
angle p a t t e r n s
were taken from
the same part of
a muscle bundle
in the contracting,
resting,
and catch s t a t e s
using a fixed
camera l e n g t h ,
and 13 s X-ray
exposure.
X-ray p a t terns
from
a
specimen in the

resting, and contracting s t a t e s are compared in
Fig. 1. The specimen maintained a t e n s i o n of
12.2 kgcm"
during the X-ray exposure in the
c o n t r a c t i n g s t a t e . The 59, and 51 A l a y e r l i n s
move toward the equator during c o n t r a c t i o n by
3.0, and 2.6 pixel steps, respectively, s a t i s f a c t o r i l y long distances that can be measured accurately.
Elongations of the p i t c h of the l e f t handed (59 A in the p i t c h ) , and right-handed (51
A in the pitch) helices are estimated from those
a x i a l movements of the l a y e r l i n e s to be 0.54,
and 0.42%, respectively. The inequality in those
changes of the p i t c h i n d i c a t e s an unwinding of
the left-handed h e l i x .
I n c r e a s e in the a x i a l
period of a c t i n , and decrease in the azimuthal
angle between adjacent actins on the left-handed
h e l i x are c a l c u l a t e d at 0.47%, and 6.7 min from
the i n c r e a s e s in the pitch of the two h e l i c e s .
The former agrees well with the measured value,
0.48%.
1)

Y. T a j i m a ,
K. M a k i n o , T. Hanyuu, K.
Wakabayashi, and Y. Amemiya, J. Muscle Res.
C e l l . M o t i l . , j_5, 659(1994).
2) F. C o r n e l i u s and J . Lowy, Acta P h y s i o l .
Scand., K)2_, 167(1978).
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Introduction
In fully hydrated Phosphatidylcholinemultibilayers
it has been reported the phase sequence of Lc, L$- ,
Fs • and La from low to high temperature. In the
P^ - phase undulated bilayer structure with periodicity of 12-14 nm has been observed. In our recent
study using synchrotron X-ray diffraction, we characterized the new liquid crystalline phase appearing
between the P ^ phase and the La phase in
dilauloylphosphatidylcholine (DLPC)x). In this study
we report new ripple phase in dimyristoylphosphatidylcholine(DMPC) with cholesterol between the
P$' phase and the La phase.
Experimental
Fully hydrated multibilayers of DMPC with and
without cholesterol were prepared by the conventional methods. DMPC and cholesterol were obtained from Avanti Polar Lipid Inc. (Birmingham,
AL, USA) and Sigma chemical Co. (St.Louis, MO),
respectively. X-ray diffraction measurements were
carried out at the BL-15A station. Time resolved
diffraction profiles were recorded with a PSPC
(Rigaku Denki).
Results and Discussion
Figure 1 displays temperature change of the X-ray
diffraction profile of fully hydrated DMPC with 2.0
mol% cholesterol during heating run. These were
successively recorded during slow temperature
scanning at the rate of 0.05°C/min. Below the main
transition temperature (Tm) of 23.9°C, the (01) peak
due to the ripple periodicity appears in the range of
0.04-0.08 ran of 2sin6/ A. The ripple periodicity
observed just below the main transition temperature
is above 20 nm (0.05 nm"1) which is larger than that
in the P^ - phase. To present temperature change of
the (01) peak, contour-line-plot of intensity in
(2sin0/ A)-temperature space is drawn in figure 2.
Below 23.54 °C the (01) peak due to the normal ripple
structure with periodicity of 13.6 nm is observed.
This (01) peak intensity decreases from 23.3°C to
23.54 °C indicating disappearance of the normal
ripple structure ( P ^ ). Instead of this (01) peak,
another peak is produced at smaller angle region.
This peak is due to the another ripple structure with
long periodicity. Intensity of this peak is higher than
that in the normal ripple structure and its ripple
periodicity has strong temperature dependence, (17.5
nm at 23.46°C and 22.5 nm at 23.64 °C ). This long
ripple structure is observed in the narrow temperature
range of 0.25 °C.

In DSC experiment there observed a shoulder at
0.3 °C lower than the main transition peak. This
corresponds to the transition between the normal ripple
structure (Pe. ) and the long ripple structure. Thus,
we considered this long ripple structure as the new
ripple phase named P#< (long). DSC experiments
suggest that the hydrocarbon chain partially melts in
theP^' to the P^- (long) phase transition. This is
similar to the case of the Lx phase which takes place
between P 5 - and La in fully hydrated DLPC.
Because hydrocarbon chain melting is hindered in the
L x phase. These facts suggest that order-disorder
phase transition of phosphatidylcholine proceeds
stepwise.
References
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Fig.l X-ray diffraction profiles of DMPC with 2.0
mol% cholesterol in heating through the main transition.
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Fig. 2 Contour-line-plot of the intensities of DMPC
with 2.0 mol% cholesterol in heating through the
main transition.
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Introduction
The phase diagram of fully hydrated binary mixtures
of dipalmitoylphosphatidylcholine (DPPC) with 1,2dipalmitoylglycerol (DPG) identifies regions where
stoichiometric complexes of 1:1 and 1:2 DPPC:DPG,
respectively, are formed1). The structural parameters
of the 1:1 complex in the presence of pure DPPC
have been determined by synchrotron low-angle and
static X-ray diffraction methods. Structural changes
upon transitions through phase boundaries were
correlated with enthalpy changes observed by
differential scanning calorimetry (DSC) in mixtures
of DPPC with 5, 7.5, 10 and 20 mol% DPG
dispersed in excess water.
Results
Phase separation of a complex in gel phase could be
detected by calorimetry in the mixture containing 5
mol% DPG but was not detectable by synchrotron
low-angle X-ray diffraction.
Static X-ray
measurements provide evidence of phase separation
particularly in the reflections indexing chain packing.
In the mixture containing 7.5 mol% DPG, two
distinct lamellar repeat spacings could be seen in the
temperature range from 25°C to 34°C. A lamellar
spacing of about 6.6 nm was assigned to pure gel
phase DPPC since the change in the spacing
corresponds with thermal transition of the pure
phospholipid and a longer repeat spacing of about 7.2
nm was assigned to domains of the 1:1 complex of
DPPC-DPG. In the temperature range from 34°C to
42°C, i.e., in the region of coexistence of the ripple
phase of DPPC and the gel phase of the complex a
single rather broad lamellar reflection appears due to
superposition of two reflections of DPPC and the
complex; the lamellar spacing of DPPC in the ripple
phase is similar to that of the gel phase of complex.
In the coexistence region of the liquid-crystalline
phase of DPPC and the gel phase of complex (42 ~
48°C), the lamellar reflections of the both phases are
present. The fluidus boundary lies between the
coexistence region and the fluid region. In the fluid
region (48 ~55°C), the gel state of complex persists
up to the fluidus boundary whereupon the liquidcrystalline state of complex replaces the gel state of
313

the complex. This indicates that the complex is also
immiscible with DPPC even above the fluidus
boundary at least in the temperature range close to
the phase boundary. For mixtures comprising 10 and
20 mol% DPG in DPPC, complex formation is
clearly detectable in both the gel region and the
coexistence region by X-ray diffraction. A
comparison of the electron density profiles
reconstructed from the lamellar reflections of DPPC
and the 1:1 complex of DPPC:DPG is shown in Fig.
1. This indicates that the thickness of both the bilayer
and the water layer of the gel phase complex are
greater than those of the respective thickness of gel
phase DPPC.

B

c
.Q

is
Q
c
o

DPPC

UJ

-6

-2

X(nm)
Fig. 1. Electron density distributions in gel phase
DPPCDPG and DPPC
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Introduction
variation increases gradually. In the case of the IP,
We have developed a TV-type X-ray
the pixel size was 100.2 u.m and 99.2 urn, along the
detector which is intended for real-time
X and Y direction, respectively. The pixel nonmeasurements and for time-resolved measurements
squareness was about 1.0 %.
(in a few tens of millisecond time resolution) of XX [pixel]
ray diffraction patterns. This detector consists of a
400
600
1000
9-inch Be-windowed image intensifier, an optical
200
800
lens, a charge coupled device (CCD) and a data
acquisition system. The main role of the image
intensifier is to obtain the sufficient signal gain and
200
thereby high signal-to-noise ratio of the X-ray
image when the X-ray image (220 mm*) is
demagnified into the small format of the CCD (12
mm x 12.2 mm). However, the image intensifier
has drawbacks regarding an image distortion and
non-uniformity of response: A convex detection
surface of the image intensifier leads to the spatial
>- 600
distortion, and the electrostatic field of the image
intensifier is susceptible to the small change of the
surrounding magnetic field. Therefore, software
800
for the correction of the spatial distortion and the
non-uniformity of response is required when this
detector is applied to X-ray
diffraction
1000 L
experiments. Prior to the development of the
software, the image distortion of the detector was
Figure 1: The grid mask pattern which was
quantitatively measured and compared to that of
obtained by TV-type X-ray detector.
the IP.
Experimental and Analysis
120
A brass grid mask which has holes of 0.5
distance from ccnlcr
mm', 4 mm apart from each other was attached in
iUi I
100
•
0-100 [pixel]
front of the TV-type X-ray detector and the IP.
a 100-200 (pixel]
•
200.
3O0 [pixel]
•The brass grid mask was made by numerically
C 80
• 300-400 (pixel|
controlled machine. The error of the hole spacing
• others
n
R 60
was less than 0.02 mm. An radioisotope 241Am
40
(11.1 GBq) was placed 0.6 m from the detectors.
fajri t • * ? • ? f • '
The exposed IP was read by BAS2000 system wilh
20 ••VTVl
an 100 urn xlOO (im pixel size.
J
The peak positions of the holes in the
230
220
200
190
180
160
140
170
image were determined by calculating the center of
Pixel
size
[|j.m/pixel]
gravity of the peaks. Then, the distances between
(a) TV-type X-ray Detector
two neighboring peaks were calculated and
histgramed.
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Results and Discussion
Fig. 1 shows the grid mask patterns which
were recorded by the TV-type X-ray detector. Fig.
2(a) shows the histogram of the distances between
two neighboring peaks in different concentric
regions in the image by the TV-type X-ray
detector. In the case of the IP, the histograms (Fig.
2(b)) were made along the X (laser scanning
direction) and Y (IP scanning direction) axis,
separately. It can be seen that going from the
central to the peripheral region of the TV-type Xray detector, the pixel size decreases and its
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(b) Imaging Plate
Figure 2: The histograms of the distances between
two neighboring peaks.
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pH were calculated from Guinier plot.

Introduction
Results and Discussion
Proteinase A [EC 3.4.23.19] secreted by the
fungus Aspergillus niger var. macrosporus is a nonpepsin-rype acid proteinase.1) It is distinctly
different from ordinary pepsin-type aspartic
proteinases in primary structure, substrate specificity,
and reactivity to inhibitors. The enzyme consists of
two polypeptide chains, a light chain of 39 residues
and a heavy chain of 173 residues.2) They are bound
non-covalently to each other. Three-dimensional
structure of proteinase A are not known. From the
pH-tirration analyses by NMR, CD, and HPLC (gel
filtration) measurements, it was found that the
enzyme was unfolded around neutral pH with the
concomitant dissociation of the two chains. The
midpoint pH of unfolding were 6.1 for CD and
HPLC, and 6.5 for NMR and enzymatic activity
assay. The difference between these midpoint values
were independent of sample concentration, and can
be explained by supposing an intermediate form
during the unfolding.
In order to elucidate the unfolding profiles of
proteinase A in more detail, the conformation and
molecular shape of the enzyme were studied at
various pHs using small angle X-ray scattering
(SAXS).
Experimental
Proteinase A was purified by column
chromatography from the culture filtrate of A. niger.
The sample was prepared by dissolving in 50 mM
buffer, 100 mM NaCl at the concentration of 5
mg/ml. The buffers used were Na acetate (pH 4.1),
Na MES (pH 6.2, 6.5, 6.75), and Na HEPES (pH
7.0). X-ray solution scattering static measurements
were performed at BL15A small-angle installation.
The temperature of the apparatus was kept at 35°C.
The conformation of proteinase A was analyzed
from Kratky plot. Rgs (radius of gyration) at each

Kratky plot of SAXS data at pH 4.1 showed that
the enzyme had native conformation, and the plots at
pH 6.4 and above showed that the enzyme was in
the unfolded state. This is consistent with the results
by NMR and CD measurements. The Kratky plot at
pH 6.0 and 6.25 showed intermediate pattern
between the curves in the native state and in the
unfolded state, and was quite similar to the pattern
in the molten-globule state.3) The Guinier plot at
each pH showed that the Rg values increased along
with the pH values. These Rg values were almost in
agreement with those obtained by P(r)s (pair
distance distribution function).
From the previous study of pH-titration analyses,
apparent Hill coefficient of the unfolding was about
4, which indicated the possibility that simultaneous
deprotonation of carboxyl group and the consequent
electrostatic repulsion in the molecule might cause
the dissociation of the two polypeptide chains. The
results that the Rg increased after unfolding
confirmed this hypothesis.
It had been suggested that the dissociation of two
chains and the unfolding of each chain had occurred
subsequently. In order to elucidate the intermediate
process of unfolding more precisely, pH-jump
stopped flow kinetics experiments are in progress.
We thank Dr. Kazumoto Kimura and Dr. Kaoru
Ichimura at Dokkyo University School of Medicine
for their help to analyse SAXS data.
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our previous works using CD and fluorescence
Introduction
detections, the details of the complex
?1
Calmodulin (CaM) is one of the typical Ca formation mechanism for the CaM-ME system,
binding proteins, which regulates enzyme
in which both of N and C-terminal domains of
?
activity in many intracellular Ca '-dependent
CaM participated, was able to be disucssed and
processes. Small polypeptide of melittin (ME)
it was clarified to be rather complicated than
has been shown to inhibit CaM binding to
those CaM-TNS systems, where only N
?
target enzymes in a Ca '-dependent manner.
terminal of CaM was particpated in the
The hydrophobic dye, TNS, widely used as a
complex formation.
probe of hydrphobic interactions of proteins,
also exhibits the calcium dependent interaction
—
1
1
12000
1
•
CiM
with calmodulin. We have perfomed the
10000
O
stopped-flow experiments on the Ca ? *A
CaM-ME-ICa -),
dependent interaction of CaM with ME and TNS
8000
K 0 CaM-TNSHCi !,
with detections of fluorescence and CD
6000
changes of UV light and clarified that the
4000
binding mechanisms of calmodulin are quite
different against ME and TNS. In the present
2000
studies, the characteristics of the static and
kinetic small angle X-ray scattering(SAXS)
40
(
60
&
20
spectra for the CaM-ME-Ca" and CaM-TNS-Ca2
r/A
* systems were examined.
Fig. 1 P(r) function for various system of CaM.
Experimental
The static and kinetic experiments of SAXS
were carried out at BL-1 5A. CaM was purified
800
from fresh bovine brain according to the
CaM-ME-(CaJ*!4
procedure using the hydrophobic interaction
gel chromatography. ME was purchased from
-1^1 II I I I I "
Sigma and purified by gel chromatography
400 •
before use. TNS, recrystallized twice in
[ n t 11 [ i ethanol, was used.
en
Results and Discussion
or
The pair distance distribution functions, P(r)
for the CaM-ME and CaM-TNS complexes
shown in Fig.1 mean that the CaM-ME complex
I I I•
400formed rather spherical structure, while the
CaM-TNS complex remains as a dumbbell
structure as that of CaM alone. Fig.2 shows
100
20
10
IS
the time domains of the square of radius of
Timo/sec
gyration, Rg, for the dissociation process of the
CaM-ME (a) and CaM-TNS(b) complexes,
Fig. 2 Time course of Rg* for the dissociation
respectively. From the present works and
process of two CaM complex systems.
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Introduction
The chaperonin GroEL from E.Coli is one of the
molecular chaperones. It has shown to facilitate in
vitro folding of the rhodanese (Rho), a monomeric
bovine liver enzyme whose molecular weight is
33kDa." In this folding process, it has been known
that the GroEL arrests denatured rhodanese (dRho),
suppresses the formation of insoluble aggregates
and releases the dRho very slowly in the ATPdependent manner. To clarify the molecular
mechanism of GroEL-mediated folding process, we
have done solution small angle X-ray scattering
experiments of GroEL-dRho system. In this report,
we show the Rg and the structural change between
dRho bound and unbound GroELs.

Experimental
The experiments were done at BL-15A, using the
small angle X-ray scattering technique. The GroEL
overproducing strain pKY206/AD21 was kindly
supplied from Professor K.lto, Institute for Virus
Research, Kyoto University. The GroEL was purified
according to the procedure of Mizobata et a/.2) The
Rho was purified according to the procedure of
Horowitz with some modification31, and denatured
with 5M GdnCI. The concentration of the GroEl and
the dRho was 2.11 M M and 1 .5/AM, respectively.

of the GroEL was 6 9 ± 3 A, while that of the GroELdRho complex was 71 ± 4 A. When the dRho has
bound to the GroEL, the Rg value increased by 2A.
This may suggest that the dRho bound to the surface
of the GroEL molecule, not to the inside of the
central cavity of it. Furthermore, thinking of little
change of scattering curves between the GroEL and
the GroEL-dRho complex, we thought that the dRho
bound in a rather expanded shape. From now on, we
are going to determine the equilibrium constant of
the GroEL-dRho complex, and are going to do kinetic
experiments.

References
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Results and Discussion
Fig. 1 shows the scattering curves of the GroEL and
the GroEL-dRho complex. The scattering curves
displayed two minima at h=0.06, 0.105 A , a faint
minimum at h=0.15 A"1 , and one major maximum at
h=0.07A"\ These peak and valleys corresponded to
those of the spectrum that had been observed by
Igarashi4', and the minimum or the maximum peaks
didn't change so largely between GroEL and GroELdRho complex. It is said that such spectrum reflects
the native GroEL shape, that is, two heptamer rings
that consist of seven 5 3kDa subunits are stacked on
top of each other, and the little change of the peak
and valleys of the spectra may suggest that little
shape change has occurred on the GroEL molecule
when the dRho had bound to it. In other words, the
GroEL kept a native shape when the dRho had bound
to it. Fig. 2 shows the change of the radius of
gyration (Rg) between the GroEL and the GroELdRho complex. The Rg values were estimated from
Guinier plots of normalized scattering curves in a
region of hRg~1 or hRg<1. The estimated Rg value
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Fig.1 The X-ray scattering curves of GroEL (upper)
and GroEL-dRho complex (lower)
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Recently considerable interest has developed for organic materials with extremely high optical nonlinear ities. In particular, MNA is one of the most promising
materials for nonlinear optical devices.1'2) The growth
of MNA single crystals of large size and high quality is
prerequisite for accurate characterization and technical
applications of their materials.
MNA crystallizes in the monoclinic structure with
space group la (equivalent to Cc), lattice parameters
of a=8.22 A, 6=11.62 A, c=7.58 A, £=94.08° and four
molecules per unit cell at room temperature. The melting point of MNA crystals is about 133°C. So far, solution, vapor or melt growth have been applied for the
growth of MNA single crystals. However reports on
the assessment of structural perfection of the grown
crystals have been limited in number.
In this work, MNA single crystals were grown from
melt by Bridgman method. The structural perfection
of grown crystals was examined by synchrotron X-ray
topography, which have been successfully applied for
characterization of defects in some organic molecular
crystals such as urea and benzophenone.3'4)
MNA single crystals were grown in the pyrex tube
5 mm in an inner diameter from melt by Bridgman
method. The growth direction was normal to (102). In
cooling process after crystal growth, some cracks were
introduced in the direction of about 73° to the growth
direction, so their planes are expected to be (112). For
X-ray topographic experiments, the cylindrical grown
crystals were cleaved along cleavage plane (010) into
thin specimens of ~0.3 mm in thickness.
The synchrotron X-ray topography yielded the welldefined topographic images with no intrinsic asterism
for the specimens, as shown in Fig. 1. Large volumes
of the specimen are dislocation free, except for upper
and lower regions as shown in Fig. 1. The volumes
at A are missing from the image, since they are of a
different crystallographic orientation to the rest. The
dark regions at B show high defect density. These upper and lower regions had adhered to the tube, where
considerable strain will have been induced by the difference between the expansivities of the crystal and tube
during growth and subsequent cooling. The strain can
yield mechanical deformation of the crystals with the
introduction of defects. This is one of major problems
for crystal growth with Bridgman method.
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These results suggested that the crystals of high
quality can be grown from melt by Czochralski method.

1mm
A

Growth Direction

Fig. 1 X-ray topograph of (010) section, which is
obtained by cleaving and polishing the MNA crystal
grown from melt by Bridgman method. The topograph
was taken in the 112 reflection. Some cracks at C and D
are observed, which were introduced during the cooling
process after crystal growth and handling of specimen,
respectively.
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Introduction
In-situ observations of dislocations in ice crystals were
carried out by x-ray topography in a temperature range
between 254.7K and 272.7K under shear stress of
0.060MPa. A steep increase of dislocation velocity was
found as a temperature approaches the melting point.
We have already reported this phenomenon that
dislocation velocity in ice crystals increased steeply just
below the melting point", however, could not yet realize
the mechanism of it because of not sufficient number of
measurements. In this study we took notice of the change
in the shape of dislocation lines by the difference of
temperature, in addition to the accurate measurement of
dislocation velocity itself.
Experimental
Specimens were prepared from single crystals of ice Ih
(ordinary ice) grown by the Czockralski's technique. The
dimensions of the specimens were 2.8X5.8X3Otnm3.
A small deformation apparatus was mounted on a
goniometer, and uniaxial compressive load was applied to
the specimen as described in the previous report2'.
Temperature fluctuation was suppressed as low as ±0.05K
by blowing temperature controlled nitrogen gas.
Temperature difference between the top and the bottom of
the specimen chamber was smaller than 0.09K.
Motion of the dislocations were observed intermittently
by the x-ray TV topography camera, and the images were
recorded on a videotape. Displacement of dislocations was
measured by comparing two images recorded at different
times.
Results and Discussion
Fig. 1 shows the temperature dependence of dislocation
velocity measured between 272.7K and 254.7K, at an
effective shear stress of 0.060MPa. The data below
269.7K fitted on the solid line give an activation energy of
O.63eV using Arrhenius' equation. This value agreed well
with those reported so far. On the other hand the data
above 269.7K show a steep increase, which yield about
50% larger velocity at 272.7K than the extrapolated value
from lower temperatures.
These velocities plotted in this figure are the average
values of several tens of dislocations in a same condition,
for the velocities are distributed over somewhat a wider
range as reported in previous report3). This distribution
may be caused by the characteristics of individual
dislocations and by low shear stress. That is the velocities
of different shapes of dislocations may differ each other
even if they are in a same condition.
It was also found that the curvature of the migrating
dislocation lines critically depends on the temperature as
shown in Fig.2. The curvature radii above 269.7K are
significantly larger than those below the temperature. This
suggests that the cause of steep increase of dislocation
velocity is related to the change in shape of dislocation line.
Theoretical consideration will be given in a separate paper.
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Temperature dependence of the curvature
radius of fitted circle to dislocation line
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Introduction
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Analysis of minute lattice strain fields using doublecrystal x-ray topography with higher order reflections is
effective for studying the degree of lattice perfection. In this
work, this technique is applied to quantitatively determine the
strain fields in an as-grown CZ Si wafer which shows
ring-shaped region of densely distributed oxidation-induced
stacking faults (OSFs) after oxidation thermal treatment. The
resulting variation profile of the lattice dilation shows a small
valley in the ring-shaped region, while also showing a peak
just outside the ring-shaped region. Furthermore, the sign of
the inclination angle reverses in the just outside the ringshaped region.
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Experimental
-5
Double-crystal reflection topographs were taken for
a fan-shaped as-grown sample which shows ring-shaped
region of densely distributed OSFs after oxidation thermal
treatment. The experimental arrangement was set up on beam
line 15C.]) Two sets of topographs were taken with Ilford L4
nuclear emulsion plates at four offset angles from the exact
Bragg condition. In one case (case A), incident x rays were
impinged from the wafer edge side, and in the other case
(case B), from the wafer center. Exposure times were 30
seconds while the storage ring was operated at an energy of
2.5 GeV with an average positron beam current of 330 mA.
Photographic densities were digitalized by a microdensitometer.
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Figure 1 Spatial fluctuations of (a) A9 and (b) Ad/d.

plane normal to the sample. When the intensity changes in
cases A and B are denoted by AIA and A1B, respectively, we
obtain the expressions,
(2)
and

Results

AIA-MB

In double-crystal reflection topography, the image
contrast can be approximated very well by assuming a linear
relation between the Bragg angle deviation and local intensity
change, given by Bonse2' as
A/= fc-8co= k(-—tanQBd

n-AAQ)
*

(3)

which give separately Ad/d and A9, respectively.
The isolated A9 and Ad/d, obtained from two sets of
topographs using eqs. (2) and (3), are shown in Figs. l(a)
and l(b), respectively. Comparing Figs. l(a) and l(b) shows
that M/d contributes to the topographic contrast much more
than A9. The two broken lines show the boundaries of the
ring-shaped region. In this region, we find that the variation
profile of the lattice spacing shows a small valley in the ringshaped region, while it shows a peak in the area just outside
the ring-shaped region. In addition, the sign of the inclination
angle changes in the exterior region.

(1)

where A/ is the local intensity change, 5co the local Bragg
angle deviation in radian units, 9B the exact Bragg angle,
Ad/d the local variation in the lattice spacing, A0 the angle of
local inclination from the exact plane, ng and A, the unit
vectors parallel to the goniometer axis and the lattice tilt axis,
respectively, and -k the slope of the diffraction profile.
Equation (1) shows that local variations in both lattice
spacing and inclination contribute to A/. Kikuta et al.
reported a way to isolate these two contributions.3' Their
method uses the fact that the sign of ngn, in eq. (1) is
inverted after a 180 degree rotation about the diffraction

References
1) S. Kimura et al., J. Appl. Phys. 77, (1995).
2) U. Bonze, Z. Phys. B 153, 278 (1958).
3) S. Kikuta et al., Jpn. J. Appl. Phys. 5, 1047 (1966).
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Introduction
Plane-wave x-ray topography (PWT) combined with
synchrotron radiation (SR) is sensitive enough to detect
minute strain fields caused by microdefects and impurity
inhomogeneity in as-grown silicon crystals. Striation contrast recorded on imaging plates (IPs) enabled us to analyze
local lattice distortion in silicon1"3'. We have developed a
system for characterizing lattice distortion45, utilizing an
IP-processing system for transmission electron microscopy, JEOL PIXsysTEM5). Since the characteristics of IPs
affect the results of distortion analysis, the dynamic range,
spatial resolution and granularity of IPs have been
investigated using the PWT optics.

recorded on IP can be completely read out at lower spatial
frequency than 4 Ip/mm and 2.5 lp/mm in the HR and HS
modes, respectively.
The fluctuation of the intensity of the IP images
was characterized by the root mean square (RMS) granularity. Figure 2 shows RMS profiles obtained from IP images. In a low-dose region from 10° to 103 photons/mm2,
RMS exceeds 10 and rapidly decreases with an increase in
the x-ray dose, since the granularity is mainly caused by a
quantum mottle. In the high-dose region from 104 to 106
photons/mm2, RMS slowly decreases and approaches 1
with an increase in the x-ray dose, since a structure mottle
due to the IP and its processing system is dominant.

Experimental
The exposure of IPs to an SR x-ray was performed
at the beamline BL-15C of the Photon Factory. The wavelength of the x-ray was tuned to 0.112 nm by a Si-Ill
double-crystal monochromator. The x-ray beam was incident at a glancing angle of 0.8° on a 100-mm diameter Si
crystal used as the 800 asymmetric-reflection collimator.
The x-ray beam diffracted from the collimator was limited
by a slit of 50 X 3 mm2 and was recorded on the IP. During the exposure, the IP was traversed back and forth at a
constant speed perpendicular to the diffracted beam in the
scattering plane in order to record a uniform image.
In measurements of the dynamic range and the granularity, the x-ray dose was changed by using several Al
plates with different thicknesses as absorbers. In measurements of the spatial resolution, an x-ray test chart mads of
a 30 fim-thick Pb film was positioned in front of the IP.
The test chart was used as a metal mask to produce a
square-wave input pattern with spatial frequencies from 2.0
to 20 lp/mm. The type of IPs used in this experiment,
Fuji DL-UR n , provided higher spatial resolution than
other types of IPs. After the exposure, the IPs were processed to produce digitized images using the PIXsysTEM.

References
1) I. Maekawa, Y. Kudo, S. Kojima, S. Kawado and T.
Ishikawa: Appl. Phys. Lett. 62 (1993) 2980.
2) Y. Kudo, K. Y. Liu, S. Kojima, S. Kawado and T.
Ishikawa: Semiconductor Silicon/1994
(The
Electrochemical Society, Pennington, 1994), p. 1135.
3) S. Kawado, Y. Kudo, S. Kojima, K. Y. Liu and T.
Ishikawa: Jpn. J. Appl. Phys. 34 (1995) L89.
4) Y. Kudo, S. Kojima, K. Y. Liu, S. Kawado and T.
Ishikawa: Jpn. J. Appl. Phys. 33 (1994) L823.
5) N. Mori, T. Oikawa, Y. Harada and J. Miyahara: J.
Electron Microsc. 39 (1990) 433.

Results
The intensity of IP images was linear to the x-ray
dose over 4 orders of magnitude of intensity. This result
was obtained in both the high sensitivity (HS) mode and
the high resolution (HR) mode, and was consistent with
the result obtained by electron exposure55.
To evaluate the spatial resolution of the IP images
from square-wave input patterns, the contrast transfer function (CTF) was plotted against a function of spatial frequency, as shown in Fig. 1. At a spatial frequency where
the CTF response is higher than 0.9, the output pattern
reproduces the input pattern. In this case, the input pattern
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Introduction
Results and Discussion
The fabrication of shallow junction has become
Figures 1 and 2 show the rocking curves of the
one of the important subjects in semiconductor
+
technology for very large scale integration circuits. reference wafer and an As ion-implanted wafer.
In Fig.2 we find that the diffraction intensity is
Recent development on ion-implantation
enhanced on the lower angle side of the rocking
techniques made the shallow dopant injection
curve.
possible, and the rapid thermal annealing
technique was also developed to activate dopant
The extinction distance at a grazing angle of 8 c
atoms after ion-implantation.
was calculated according to Kishino's theory and
was found to be 0.222 ^m. Therefore, the
To apply these techniques to semiconductor
asymmetry of the rocking curve in Fig.2 is
fabrication processes, recovery of the silicon
considered to be caused by the surface deformation
lattice must be estimated. X-ray diffraction
due to the ion-implntation.
provides a useful method for the estimation of
lattice deformation. In the asymmetric reflection,
The skew geometry has the advantage that the
it is difficult to reduce the extinction distance to
setting of the grazing-incidence conditions is easy,
less than 1 ^m. However, the extinction distance and many reflection planes are available without
becomes very short when the total reflection
changing the grazing angle; therefore detailed
occurs.
information about the anisotropy of lattice
deformatioin will be investigated.
In this study, the skew geometry with grazingincidence conditions has been applied to the
estimation of surface lattice deformation in As +
ion-implanted silicon.
«

Experimental
The samples used in this experiment were 8
inch, n-type CZ silicon wafers with a resistivity of
~1 Q-cm, and As + ion-implantatioin was
performed with an energy of 70 keV and a dose of
10 15 atoms/cm2.
After the ion implantation, the wafers were
provided for X-ray rocking curve measurements
without thermal annealing, together with an
unprocessed wafer as reference. The X-ray
optics was set up at the BL-15C. The incident Xray beam was monochromatized by the 111 silicon
double-crystal monochromator at a wavelength of
0.653A , and the 448 skew reflection was selected
to measure the rocking curve of the sample.
The critical angle (9C) for the total reflection
was 1.67 mrad. The measurement was carried
out by inclining the sample to the incident X-ray
beam by an angle of 8 (about 6 c) and by rotating
the sample around the surface normal without
changing the grazing angle 0.
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Introduction
We have constructed a tunable X-ray
polarimeter in order to measure an optical
activity with X-rays. The polarimeter can
analyze a rotation angle and a degree of
ellipticity of the polarization of X-rays
transmitted by a specimen. It consists of a
polarizer and an analyzer in an arrangement
similar to that used in visible-light optics, i.e.
crossed Polaroid 1 ). The polarizer and the
analyzer are monolithic silicon 422 channel-cut
crystals providing four consecutive Bragg
reflections. The channel-cut crystal operates as
a high-extinction polarizer in an energy range
around 6B = 45° by intentionally introducing a
small offset angle between the two sides of the
channel2).
In order to evaluate the performance of the
polarimeter, we have measured the Faraday
rotation spectra with a Co foil near Kabsorption edge. The Faraday rotation is
related with the X-ray magnetic circular
dichroism (XMCD) through the KramersKronig transformation. The results were
compared with those of XMCD after they were
transformed by Kramers-Kronig relation .

applied magnetic field was about 0.6 T.
Figure l(a) shows the Faraday rotation spectra
and the absorption spectra of the pure Co foil
(4 am thick) near the Co K-edge. The error of
the measured rotation was within 100 uxad.
The Faraday rotation spectra were reversed
when the magnetic field was reversed. The
difference of the Faraday rotation spectra
between parallel and anti-parallel magnetic field
were transformed according to the KramersKronig relation. The results are shown in
Figure l(b) along with the XMCD spectra.
Good agreement has been obtained between the
transformed Faraday rotation spectra and the
XMCD spectra.
-1.0

s

xlO"3]

Experiment and results
The Faraday rotation spectra were measured
in an energy range of about 70 eV around the
Co K-absorption edge. The magnetic field of 1
T was applied to the specimen in parallel and
anti-parallel to the beam direction. The
absorption spectra were simultaneously
measured by using two sets of ion chambers
which were placed upstream and downstream
of the specimen. The experiment was carried
out at BL-4A and BL-15C. Transmission
XMCD spectra were measured at AR NE-1 in
which elliptically polarized X-rays were
provided from the insertion device. The

0.0 J
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8 -

• / K.-K. transform of
* f Faraday rotation
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Figure 1
1) D.P.Siddons, M. Hart, Y. Amemiya and J. B.
Hastings : Phys. Rev. Lett., 64 (1990) 1967-1970.
2) M. Hart and A. R. D. Rodrigues : Phil. Mag. B40,
(1979)
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Introduction
Circularly polarized x-rays (CPX) plays an essential role in studies of magnetic materials through
magnetic Compton scattering, magnetic Bragg
diffraction and magnetic circular x-ray dichroism. To date, many kinds of x-ray optics have
been developed using an x-ray phase retarder
(XPR) to transform linearly polarized synchrotron radiation to circular polarization. Because
most of these optics were complicated and inefficient, they have not been used so much at synchrotron radiation facilities. However, recent development of transmission x-ray phase retarders
(TXPR's) opened up new possibilities to construct simple and efficient polarization-tunable xray optics [1,2]. We have developed new polarization-tunable x-ray optics at the Photon Factory.

larization states for A0=+15O", +20" and +10".
Results and Discussion
Figure 2 shows results of polarization measurements. At each A9 of +150", +20" and +10",
horizontal, circular and vertical polarizations
were produced respectively. The transmission ratio at the TXPR was as high as 70 %. This confirms us that the quite simple optics in Fig.l is
very effective for polarization-tunable transformation of synchrotron radiation. If this optics is
used at planar undulator or wiggler beamlines,
brilliant and arbitrary-polarized x-rays will be obtained.
References
[1] K. Hirano et al.: Jpn. J. Appl. Phys. 30 (1991) L407.
[2] K. Hirano et al.: Rev. Sci. Instrum. to be published.

Experimental
Figure 1 is a drawing of our polarizationtunable x-ray optics. The optics consists of a
double-crystal monochromator and a TXPR. The
three crystals are arranged in (+, -, +) setting. The
scattering plane of the optics is inclined by 45°
with respect to the horizontal plane to equally excite a and n polarization components in the
TXPR. After the monochromatization and collimation of the incident beam at the double-crystal,
the TXPR makes polarization transformation.
Since the phase shift, 5, produced between a and
7i components in the TXPR is tunable through the
offset from the Bragg condition, A9, the polarization of the outgoing beam is easily controlled
through A9. For example, CPX is produced when
8 is (n+l/2)rc rad (n:integer) and vertical polarization when 5 is (2n+l)7C rad.
We checked this optics at BL-15C (bending
magnet beamline). The wavelength was selected
at 1.026 A with Si(220) double-crystal monochromator. For the TXPR, we used a 1.09 mm
thick diamond (001) plate near the asymmetric
Laue 111 diffraction condition. To measure the
polarization of the outgoing beam we mounted a
Si(642) analyzer crystal (9B=45°) on a four-circle
goniometer and measured reflected integrated intensities for various %-angles. We measured po-

Fig.l Polarization-tunable x-ray optics.
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Fig.2 Results of polarization measurements.
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Introduction
Dynamic theory of x-ray diffraction leads
to anisotropy of refractive index near the Bragg
condition (diffractive birefringence). To date several kinds of x-ray phase retarders (XPRs) have
been developed based on this principle. Among
them transmission x-ray phase retarders (TXPRs)
which make use of transmitted (forwardly diffracted) beam have remarkable features as follows [1]: 1) phase shift is tunable through the offset from the Bragg angle, 2) sign of the phase
shift reverses between opposite side of the Bragg
peak, 3) high efficiency of polarization transformation and 4) position and direction of the outgoing beam is kept unchanged from the incoming
beam. Due to these advantages the TXPRs have
been used at many synchrotron radiation facilities
for control of polarization.
So far, we have used nearly perfect crystals
such as silicon, diamond and germanium for
TXPRs. Since TXPRs are usually operated away
from the Bragg condition, the phase shift is not so
sensitive to imperfections in TXPRs. This suggests us new possibilities to make TXPRs of mosaic crystals. To show that mosaic crystals are
available for TXPRs, we tested LiF crystals at
BL-15C.
Experimental
Figure 1 is a drawing of the experimental
setup. The horizontally-polarized white radiation
from the bending magnet is monochromatized at
1.57 A by a Si(l 11) double-crystal A. Slits B and
D limit the beam size to lmmxlmm and collimate the beam to 9.6" in vertical and 7.6" in horizontal. Between the slits is an ionization chamber
C for an intensity monitor. The horizontally-polarized and monochromatic x-rays is incident on a
0.75 mm thick LiF(001) plate E adjusted near the
002 Laue diffraction condition. The scattering
plane of E is inclined by 45° with respect to the
horizontal plane to excite o and n components
with equal amplitude. The mosaicity of the LiF
crystal was estimated to be 35" from the rocking
curve measurement. A Si(422) crystal F is
mounted on a four-circle diffractometer to measure the polarization of the transmitted beam. At
several offset angles of -500", -250", -170", -

125", -85" and -65", we measured %-angle dependence of the reflected integrated intensities.
Results
Figure 2 shows results of polarization measurements. Clear change of polarization is observed with the offset angle of the LiF crystal. In
particular, at the offset of -125" reflected integrated intensities are almost constant with respect
to %-angle, which indicates production of circularly polarized x-rays. Transmission ratio at the
LiF crystal (i.e. efficiency of polarization transformation) was about 10 %. This confirms us that
even mosaic crystals are available for TXPRs under proper operating conditions.
References
[1] K. Hirano et al.: Nucl. Instrum. & Methods
Phys Res A 336 (1993) 343.

Fig. 1 Schematic view of experimental setup
A: Si(lll) double-crystal, B & D: Slits, C: I.C.,
E: LiF crystal plate, F:Si(422) polarization analyzer,
G&H: Nal scintillation counters
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Fig.2 Results of polarization measurements
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Introduction
In the visible light wavelength region, polarization imaging, e.g., polarizing microscopy, is
one of the most popular method to investigate
optical properties of birefringent (double refractive) materials such as fibers, minerals and crystals. In the x-ray energy region, polarization imaging technique has not been developed so far
because birefringence does not appear when xrays pass through materials. However recent researches on diffractive birefringence [1], which
appears during dynamic diffraction of x-rays at
perfect and mosaic crystals, opened up new possibilities to expand this technique to x-rays. We
have developed x-ray polarization imaging technique based on the diffractive birefringence.
Experimental and Results
In the typical polarizing microscopy, a
sample is placed between polarizer and analyzer.
Linear polarization produced by the polarizer suffers polarization transformation at the sample.
The analyzer visualizes the polarization state to
give information about the optical properties of
the sample. Figure 1 is a simple expansion of this
scheme to x-ray synchrotron radiation. The optics
consists of a double-crystal monochromator A, a
sample B and an analyzer C. Reflected beam by
the analyzer C is recorded on an x-ray film or on
an imaging plate D. Polarizer is not necessary because horizontal polarization of synchrotron radiation is used in Fig. 1.
Preliminary tests for polarization imaging
were perfomerd at BL-15C using the optics in
Fig.l. Wavelength was selected at 1.5A with the
S i ( l l l ) double-crystal A. The double-crystal
consists of an asymmetrically-cut first crystal
(a=10°) and a symmetrically-cut second crystal.
The vertically expanded beam by the asymmetric
reflection was incident on a LiF(002) sample
crystal B adjusted around the 002 Laue diffraction condition. The scattering plane of the LiF
crystal was inclined by 45° with respect to the
horizontal plane to excite both a and % components. Polarization of the transmitted beam was
projected on an x-ray film D by a Si(333) analyzer C (0B=45°). Photograph 1 is the image recorded on the x-ray film. Exposure time was
about 5 minutes under single bunch operation of
the storage ring.
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Photograph 1 clearly shows polarizationdependent contrast caused by birefringent properties of the sample. This preliminary result convinces us that polarization imaging technique is
available for characterization of birefringent materials even in x-ray energy region. For example,
surfaces, interfaces and films would be studied
with this technique under grazing incidence diffraction condition. Further it would be applied to
characterize polarization-tunable insertion devices such as elliptic multipole wigglers and
asymmetric wigglers.
References
[1] K. Hirano et. al.: Nucl. Instrum. & Methods
Phys. Res. A 336 (1993) 343.

Fig.l Optics for x-ray polarization imaging.
A: double-crystal monochromator, B: sample crystal,
C: analyzer crystal, D: x-ray film

Photo. 1 Polarization-dependent image recorded
on the x-ray film D. (visual range is
6mmx8mm)
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Introduction
Grazing incident surface X-ray diffraction (GISXRD)
has been used for in situ structural studies of
electrode/electrolyte interfaces by employing the
synchrotron orbital radiation (SOR) source (1,2).
Recently, many investigations on gold electrodes
modified with self-assembled monolayer of thiol
molecules have been carried out. However, the only
limited information on the structure of these monolayers
and the structural change of the electrode surface is
available.
In this report, we compared the diffraction patterns
from the gold electrodes with and without adsorbed
monolayers and discussed the structural change of gold
surface layer as a result of the adsorption of
ferrocenylalkane thiol monolayer.

a fan-shape were observed at the modified gold electrode.
Such peak distribution suggests some surface domains
with (111) structure existed on the gold surface and that
the plane of them were not parallel each other. Thus, the
adsorption of ferrocenylundecane thiol leads to a change
of the surface structure of gold. S.-Huethorst et al.,
reported by STM measurements that gold surface atom
dissolved in the thiol solution with the formation of a
gold thiolate complex, when gold substrate was dipped in
the organic solution containing thiol molecules (4).
Thus, the present structural change of surface gold layer
was also suggested to be due to the adsorption of thiol
molecules.

a
0.69

Experimental
Gold substrates were prepared on glass by vacuum
deposition (ULVAC, EBH-6) at 300 ° C .
Ferrocenylundecane thiol used as a modifier molecule was
synthesized (3). Surface modification of gold was carried
out by dipping the substrate in hexane solution
containing ferrocenylundecane thiol. The GISXRD
experiments were performed on the 53-pole permanent
magnet wiggler beamline 16A at Photon Factory. The Xray beam is monochromated at a wavelength of 1.488 A.
The glancing angle of the X-ray beam on the surface of
the gold electrode is made to be 0.126°. A specially
designed electrochemical cell is mounted on the co-axis of
a two-circle diffractometer. The diffracted intensity was
measured by one dimensional gas proportional counter,
in front of which a Soller collimator is placed, as a
function of a diffraction angle, 2 8 , and a vertical
component of the momentum transfer, Q .
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Fig. 1
Equal intensity in 20-Q z space of X-rays
diffracted by gold electrode surface before (a) and after (b)
adsorption of ferrocenylundecane thiol at open circuit
potential in 0.1 M HC1O4.

Results and Discussion
Figure 1 shows the equal intensity contours of Xrays as a function of 29 and Q z measured at the gold
surface before and after adsorption of ferrocenylundecane
thiol at open circuit voltage in 0.1 M HCIO^. Although
only one sharp peak around 20=35° corresponding to
(111) surface atomic structure was observed at the gold
surface before adsorption, several peaks distributed like as
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Introduction

Langmuir-Blodgett (LB) films may allow designer
control of molecular level packing1 to produce noncentrosymmetric films suitable for second-harmonic
generation (SHG)2"4.
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These dye materials (see above structure) comprise of a
hydrophilic head with a hydrophobic alkyl tail which may
be aligned at the air-water interface prior to deposition,
Figure, la X-ray diffraction data for an LB film of dye I
but when transferred to a solid substrate the layers
(n = 17) at X = 1.488 A: Q x resolved scan. The solid line is
frequently invert to form centrosymmetric bilayer arrangea Lorentzian fit to the experimental data.
ments iY-type). Unless interleaved by compatible spacer
layers, " very few single-legged dyes form non-centrosymmetric multilayers in which molecules pack in a parallel
manner (Z-type)2 However, with the addition of a second
.hydrophobic group at the opposite end to the hydrophilic
chromophore helps Z-type deposition,4 but there is only a
narrow range of alkyl chain lengths which allows the films
to be non-centrosymmetric. Z-type deposition and associated nonlinear optical properties of cationic dyes may be
improved by the addition of a third alkyl chain and the use
of an amphiphilic anion. The SHG from one of these dyes
has been shown to increase quadratically with the number
0.2
1.0
O.t
0.6
0.8
-!L4
-U
of LB layers to a thickness of ca. 0.6|am, this being the
thickest Z-type structure obtained to date.
Figure, lb.
Grazing incidence synchrotron X-ray diffraction studies
A
slice through the maximum at Q x = 1.520 A' 1 .
were performed on a ten layer LB film of the heptadecyl
homologue of dye I using wiggler BL16 at the Photon
References
Factory. The data from measurements in the plane of the
1.
Allen,
S.
in:
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film (Q x scans) and out of the plane (Q z scans) are shown
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1

Introduction

Alkali metal adsorption on solid surfaces has for a
long time been a subject as a fundamental chemisorption system, which leads to various interesting phenomena such as a work function decrease, an activation of
a surface toward gas adsorption, etc.
In this short report, we present the result of the
study on the Cs/NbC(lll) system using the photoemission (PE) spectroscopy.

2

because the coverage dependent adsorption of Cs proceeds from the isolated to the metallic state with increasing coverage. The larger shift in the Auger peaks
exhibits that the two-hole screening increases remarkably in the metallic region of Cs layer compared with
the one-hole screening.
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Experiment

The PE experiments were performed on BL-16U.
The clean NbC(lll) surface was obtained by repeated
flashings to around 1500 °C. Cesium was deposited on
the surface at room temperature using a well-degassed
SAES dispenser.
The base pressure was less than 2xlO~ 8 Pa.

3

Result and Discussion

lift

Fig.l shows both the photoemission peak intensity
o
10
ratio Cs 4d/Nb 4p and the work function change A$ as
Cs depositor! time (min.)
a function of Cs deposition time. The curve of the PE
Figure 1: (a)PES intensity ratio of Cs 4d/Nb 4p, and
intensity ratio consists of two linear segments with a
(b)A$ as a function of Cs deposition times.
kink at around 2 min. deposition. This shows that the
Cs monolayer completes on the NbC(lll) surface at
~ 2 min. deposition. The A«$ falls into the minimum
(B)
value of —3.8 eV in coincidence with the monolayer
N«*O2.3°2,3
2
completion.
Fig.2(A) shows the Cs 4d core region PE spectra of
(a) 30 sec. and (b) 2 min. Cs depositions. In addition
?
to the spin-orbit doublet of 4d peaks, the three distinct
Cs ^4^02,302,3 Auger peaks (indicated with bars) are
/
<B
/
Cs 4d 5O
fd
seen. Both the Auger and the photoemission peaks
a.
shift to the lower binding energy side as a function
of Cs coverage by ~ 1.9 eV and ~ 0.5 eV, respectively
n
D«po«ition Tim» (min.)
(fig.2(B)). The possible core level shift arising from the
Binding Entrgy (»V)
initial state effect could be cancelled when we only conFigure 2: (A) Cs 4d photoemission spectra of (a) 30
sider the difference between Auger and PE shifts. The
sec. and (b)2 min. deposition times. The spectra are
free atom to metal shift in the Auger and PE peaks are
normalized to the Cs 4d5/2 peak hight. (B) Total peak
mainly caused by the "extra-atomic" relaxation due
shifts of Cs 4d5/2 photoemission and Cs NOO Auger
to the screening of the final two- and one-hole states
peaks.
with valence electrons, respectively [1]. The similar
effect could be expected in the Cs/NbC(lll) system
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Introduction
Ion implantation is one of the most
commonly process of fabricating LSI devices.
Locations of implanted impurities and lattice
distortions are significant factors to decide
electrical property. The local environment
around implanted As into single-crystalline
Si1)-2) and poly-crystalline Si3) has already been
reported. They proposed the existence of SiAs
precipitate, vacancy complex defects (AsmV) as
well as substitutional As after annealing. The
aim of this study is to compare the local
structure around implanted As into single-crystal
with poly-crystal.

to 4 and 12 at higher temperature annealing. It
means progress of substitution of As atoms and
recovery of Si crystallinity during annealing.
For poly-crystalline sample, though RNN.
N]MN and NNNN show the same tendency as
single-crystalline sample, RNNN is longer than
one for single-crystalline sample and also Si.
Therefore, the lattice distortion around the
implanted As expands in poly-crystal more than
in single-crystal. We consider this difference of
lattice expansion is caused by the mechanism of
re-growth from amorphous between single- and
poly-crystal.

Experimental
Single-crystalline samples were implanted
with 70 keV, 1 X 10 16 As/cm"2 and polycrystalline ones were implanted with 40 keV, 1
X
10 1 6 As/cm" 2 , respectively. After
implantation, samples were annealed at 800°C
or 1000°C.
The XAFS measurements were curried out
on the beam line 17A of Photon Factory (PF).
The wavelength of incident X-ray is set with a
Si (111) double crystal monochromator and the
fluorescence X-ray was detected by Ge solid
state detector.
Results and Discussion
After implantation, before any annealing, all
the samples were amorphous and the only
nearest neighbor (NN) shell is observed. Next
NN (NNN) shell is visible after annealing.
XAFS results of this work are shown in Table I.
In comparison with annealing temperature, the
atomic distance (R) of NN is almost the same
but one of NNN is smaller at lower temperature
annealing for single-crystalline sample. This R
of NN (RNN) is larger and the R of NNN (R N NN)
is smaller than that of Si (RNN 2.35 A and RNNN
3.84 A), respectively. The changes of RNN and
RNNN indicate that the lattice distortion is
localized around the As atom. The coordination
number (N) of NN and NNN increased forward

Table I. XAFS results of As into Si
(a)lmplanted into single-crystalline Si
sample

RNN

NNN

RNNN NNNN

as-implanted
8()0°C 30min.
1000°C30min.

2.39
2.38
2.40

2.54
2.55
2.83

3.81
3.85

5.22
10.3

(b)Implanted into poly-crystalline Si
sample

R-NN

NNN

RNNN NNNN

2.29
as-implanted
2.38
80()°C 60min. 2.39
2.91 3.84
100()°C30min. 2.40
4.10 3.89
R: atomic distance between As and Si
(+/-0.01 A)
N: coordination number (+/-20%)
NN: nearest neighbor
NNN: next nearest neighbor

3.86
10.8
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Introduction
TiSi2 is of interest for use in contacts and
interconnects in VLSI applications because of its
low resistivity and high temperature stability.
Two different structures of TiSi2 have been
known after annealing.1)-3) These are TiSi2 of
C49 and C54 phases. The C49 phase is a
metastable and high resistivity phase. In
comparison, the C54 is a stable and low
resistivity phase. Fabricated conditions, for
example film thickness and annealing
temperature and time, decide which phase is
presented. We have already investigated this
material by grazing incident X-ray diffraction.4)
Now we try to analyze these structures by
XAFS.
Experimental
Three specimens were prepared for this
experiment. Ti was deposited on (100) p-type Si
wafer. The initial thickness was 30 nm. Two of
them were annealed at the temperature 675°C
and 800°C for 30 second, respectively. It was
already proved that the sample after 675°C
annealing was formed the C49 and one after
800°C annealing was the C54.4)
The XAFS measurements were curried out
at BL-17A of Photon Factory (PF). The
wavelength of incident X-ray is set with a Si
(111) double crystal monochromator. The
measurements were done on the Ti K edge at
room temperature. Fluorescence X-ray was
detected by Ge solid state detector(SSD).
Results
Figure 1 shows normalized XANES spectra
of three samples. The XANES spectrum of asdeposited Ti sample has a sharp pre-edge peak
and it indicates the presence of metallic Ti. After
annealing, the Ti pre-edge disappears. It means
Ti did not show metallic character and some
silicide was formed. The spectra of the 675°C
and 800°C samples have some of the same.
Aldrich et al. 2 ) reported the annealing
temperature dependence of XANES spectra.
They showed the same tendency with our
results, that is, the XANES spectrum of the C49
phase is resemble to that of the C54. It might be

difficult to decide the structure of TiSi2 by only
XANES measurement. The reason is the
resemblance of their local structure around Ti
atom; though crystalline structure is different
between the C49 and the C54, Ti atom in the
C49 is surrounded by 10 Si atoms and that of
the C54 is the same.5) The atomic distance and
coordination number are obtained by EXAFS
analysis. EXAFS analysis is now in progress.

•2o

4.96

4.98
5
5.02
Energy (keV)

5.04

FIG. 1. Normalized XANES spectra of Ti asdeposited, after 675°C and 800°C on Si
substrate.
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Introduction

time is defined as the irradiated duration.

Decreasing the feature size and film thickness in the
integrated circuits, the high-selectivive, damageless, and
clean etching technique is required for the fabrication
processes. In this study, we tried vacuum-ultra-violet
light assisted etching of silicon dioxide films with AHF
(anhydrous hydrogen fluoride) gas.

Experimental Results and Discussion
First, the dependence of the etch rate on the light
intensity was examined, where the light intensity is
proportional to the electron beam current in the storage
ring. The etch rate is found to be proportional to the
light intensity as shown in Fig.2.

Experimetal procedure
Thermally oxidized single-crystalline silicon substrates
were used as the samples.
The typical thickness of the
oxide film was 125 nm. The experimets were carried out
in the beam line BL-17B of the Photon Factory facility.
In this line, the peak of the light intensity appeares at the
wavelength of about 10 nm.

Figures 3 shows an optical micrograph of the etched
surface. The etching was observed only in the irradiated
region.
The etched pattern agrees with that of the

Figure 1 shows the schematic diagram of the
experimental system. The sample was introduced into the
reaction chamber in high-vacuum.
Then, AHF gas was
introduced into the reaction chamber. Moreover, argon
gas was introduced into the gas inlet between the reaction
chamber and the differential pumping chamber in order to
prevent a back flow of the corrosive gas to the light
source. The total pressure in the reaction chamber was
maintained to 0.1 Torr by evacuation, where the partial
pressure of AHF was 0.01 Torr.
The sample surface
was irradiate with synchrotron radiation light through the
patterned mask made of nickel. The distance between the
mask and the sample surface was 0.5 mm.
The etching

Ar gas

-J
Synchrotron
radiation light

1

y

nEvacuationnr

mask in the accuracy of a micron at least. These results
indicate that the etching reaction is the surface excited
reaction.
In the all experimental conditions, the etching of silicon
substrates was not observed.
Considering the
measurement error, the selectivity of etch rate of SiO2
respect to Si is more than 100.

c

E
E

LU

0

AHF gas
Substrate

100 200 300 400
Ring current (mA)
Fig.2 Etch rate as a function of light intensity

Mask

Differential
Reaction
pumping chamber • chamber
Fig. 1 Schematic diagram of etching system

Fig.3 Optical micrograph of the etched surface
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Introduction
TiSi2 is one of the most important low
resistivity contacts for ULSI fabrication. The
TiSi2 has two phases of high resistivity C49TiSi 2 formed at 600 °C - 700 °C and low
resistivity C54-TiSi2 formed at 700 °C - 850 °C.
Although the latter phase is useful, the resistivity
often rises for narrow lines J) and highly doping
of As or P 2> due to residual C49-TiSi2 even after
high temperature annealing. However, it was
reported BF2 implantation did not affect rise of
resistivity 3 ). In this paper, we will report
quantitative characterization of the phases in a
function of line width and BF 2 dosage by the
glancing incident x-ray diffraction (GIXD) 4).

one remains 50% of the C49. This tendency
becomes remarkable for line samples, and the
phase transition is perfectly interrupted for
implanted line samples. Therefore, BF2
implantation and line fabrication suppress the
phase transition from the C49 to C54, each other.
Furthermore, we observed the epitaxial C49
in high implanted film sample after 1st and 2nd
RTA oriented to the Si(001) substrate from
rocking curve measurements, but not observed
that in the other films. Our results indicate that the
suppression of the phase transition originates in
the epitaxial C49.

Experiments
Silicides were formed on unimplanted or BF2
implanted Si(001) at dosages of 2xlO 1 5 or
5xl0 1 5 /cm2, and/or line pattern at 0.8 or 0.5 (im
with a standard rapid thermal annealing (RTA)
process. The 1st and 2nd RTA conditions were
700 °C, 30 sec and 800 °C, 30 sec, respectively.
Sputtered Ti was 30 nm in thick. By GIXD
apparatus with 0.13 nm x-ray, we measured xray diffraction from lattice planes perpendicular to
the surface 4\ Incident angle was set near the
total reflection in order to be sensitive to thin
silicide films. We observed the (060) and (131)
for C49-TiSi2 and the (131), (311), (040), and
(022) for C54-TiSi2, and evaluated the fraction of
the phases from integrated intensities of their
peaks.
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Figure 1 the dependence of C54 fraction in TiSi2 on BF2
dosage and line width
Circle, square, and triangle represent not-patterned, 0.8 jam
line width, and 0.5 u.m line width, respectively. More
dosage or narrower line width decreases fraction of the C54
in the samples.

Result and Discussion
After 1st RTA, we observed only the C49TiSi2 on all of implanted film and unimplanted
line samples, but both the phases with 15% of the
C54 in unimplanted film sample. Furthermore,
the integrated intensity from the C49 decreased as
increasing of BF2 dosage. Therefore, both BF 2
doping and fabrication of lines suppress
silicidation from Ti/Si during thermal annealing.
The figure shows the fraction of the C54 after
2nd RTA in a function of BF2 dosage and line
width. In film samples, the C49 after 1 st RTA for
unimplanted and low dose samples all transforms
to the C54 after 2nd RTA, but that for high dose
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Introduction
The structural characterization of oxide films
is crucial for the understanding of their reliability
in a metal-oxide-semiconductor(MOS) system.
Glancing incidence X-ray reflectometry is a
powerful technique to prove their density,
thickness and microroughness of silicon-oxide
interface and oxide surface that have intimate
relation to the reliability of ultra thin gate oxide.
Experimental
HC1/O2, dry oxygen and ozone grown oxide
under several growth conditions are evaluated by
X-ray reflectometry. Measurements were carried
out at Photon Factory beamline-17C. Highly
parallel, intense photon flux provides more than
seven decades of reflectivity at wave length
1.3A, results in high precision data. We applied
the optimization program based on the Vidal and
Vincent formalismfl] with modified Marquardt
minimization procedure to the data. The charge
to breakdown Qbd characteristics and surface
state densities Dit on a lxlO'^cm^ area under
stress of 0. lA/cm^ are also measured for 7nm
thick oxides grown in above conditions.
Results and Discussion
Fig.l shows the typical reflectivity data. Fig.2
show the growth temperature dependence of
oxide density grown by different method for
7nm thick oxides. We can see a distinct
dependence of densities on growth method. The
ozone grown oxides are tend to more dense
compared to oxygen grown oxides and much
dense to HCl grown oxides. The measured
microroughness is tend to decrease with the
increasing temperature for HCl grown oxides. A
measured Qbd and Dit are summalized in table.
The ozone grown oxide improves the Qbd by a
factor of 2.2 compared to the oxygen grown
oxide and a factor of 1.3 compared to HCl
oxidation. The Djt for ozone grown oxide is
lower than that of oxygen grown oxide and a
half of HCl grown oxide.
HCl oxides with less dense have an enlarged
amorphous network due to the catalytic effect of
Cl with Si-H,Si-OH and Si7Cl bonds that can
easily create a physically weak spot or local trap

sites by the hot carrier. Dry oxygen grown
oxides have a dense structure free from
impurities but their oxygen vacancies gives poor
Qbd- i n the ozone grown oxides, some ozone
molecules dissolve and provide oxygen radicals
that effectively prevent the generation or the
termination of Si dangling bonds during the
growth that leads to dense, highly reliable SiC»2
film.
Groutli
condition

Density

(g/cm3)
Dry O3 900°C 2.28
Dry O2 900°C 2.27
HCl 1000°C . 2.13
0

Dit
(eV^crrf2)
0.9E12
1.0E12

Qbd
(C/cm2)
20

2.0E12

15

9

i
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Fig.l Typical reflectivity data(points) with
simulated data(solid line).
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Fig.2 Temperature dependence of oxide
densities grown by different methods.
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Recently, a considerable improvement of
the experimental energy resolution in the
photoelectron spectroscopy enables us to study
the low-energy excitations in the Ce
compounds. 1 ) The validity of the so-called
Kondo resonance peak has been intensively
investigated by means of the high-resolution
photoemission spectroscopy.2"4) Since the
Kondo temperature of Ce compounds
investigated by means of the high-resolution
photoemission spectra, are much smaller than
the experimental energy resolution(c.a.l5
meV), the evidence of the Kondo peak has
been suggested by comparing the spectra with
the one predicted based on the single impurity
Anderson model.1)
Figure l(a) and (b) show the highresolution photoemission spectra of CeBg
measured at excitation energy of 121.0 eV and
114.0 eV, respectively. In Fig. l(a), the
spectral profiles consist of a broad peak at the
binding energy of 2.4 eV and two sharp peaks
near the Fermi level. Since the photoelectron
intensity of the off-resonance spectrum
measured at 114.0 eV is negligibly small
compared with the on-resonance spectrum at
121.0 eV, the most part of the on-resonance
spectrum is considered to be originated from
the Ce 4/ states. The broad peak at 2.4 eV
corresponds to the photoexcited 4/ hole state.
The two peaks near the Fermi level correspond
to the spin orbit split 4/5/2 a °d 4/7/2 states.
The spin orbit split energy was estimated to be
260 meV from the figure.
Since the
experimental energy resolution in the present
study(78 meV) is larger than the crystal field
excitation energy, we could not clearly observe
the spectral features manifesting the crystal
field excitation in the 4/5/2 spectra even in an
expanded scale. To investigate the low energy
excitation at the Fermi level, we should further
improve the experimental energy resolution.
In addition, we should clarify some
uncertainties which exist in the photoemissin
experiments.
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The photoemission spectra are surface
sensitive and it is not easy to estimate properly
the surface sensitivity which is included
inevitably into the valence band spectra. It has
been reported that the Ce atoms tends to trivalent at surfaces because of small coordination
number.5) To obtained reliable photoemission
spectra which could be held in precise
investigations of the low energy excitations in
Ce compounds, not only the 4d-Af resonant
photoemission spectra with further improved
energy resolution but also photoemission
spectra on a well defined surfaces such as
single crystal surfaces are awaited.
CeB 6
(a)
hv =121.0eV

<
CO

o
(b)
hv =114.0eV
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Fig. 1 High resolution photoelectron spectra
of CeB6 at excitation energis of 121.0
eV(a)andll4.0eV(b).
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The electronic structures of the Ce
compounds have been investigated by
numerous photoemission experiments. In
most cases the experimental results have been
analyzed successfully by the Anderson
impurity (AI) model. 1 - 2 ) However, there
remain some questions under debate. 3 )
Generally, surface electronic structures are
different from bulk electronic structures.
Therefore, it is indispensable to scrutinize the
contribution of surface effects in the argument
over the electronic structure of solid state on
the basis of photoemission spectra. Some
experiments showed that this is really the case
in Ce metal and some Ce compounds.4-5) In
such photoemission experiments, it is
important to prepare a well-defined surface.
One possible method to prepare a welldefined surface is to construct Ce overlayers
on a certain substrate in an ultrahigh vacuum.
The investigation of Ce overlayers deposited
on metal or semiconductor surfaces is quite
interesting regarding the elucidation of surface
properties of the Ce metal and its compounds.
We have studied the electronic structures
of Ce/Ni(110) system by the 4^-4/resonant
photoemission using synchrotron radiation
and the Ce 3d core level X-ray photoemission.
The results are interpreted in conjunction with
the inter-diffusion of Ce and Ni atoms through
the interface. The annealing after the
deposition of Ce causes active diffusion of Ce
atoms into the Ni substrate and Ni atoms into
the Ce layers and brings about a well-ordered
surface. Both the Ce 3d core level and
valence band spectra show remarkable
changes depending on the degree of interdiffusion between Ce and Ni at the interface.
It is revealed that a close relation exists
between the Ce concentration and strength of
the 4/-conduction states hybridization in the
surface layer.
It is remarked in Fig. 1 that spectral
features for the Ce coverage of less than 4A
are different from those for the Ce coverage of
more than 12A. The Ce 3d spectra for the
coverage of more than 10A resemble to those

of Ce-Ni intermetallic compounds rather than
that of pure Ce metal.6) This shows that a
pure Ce film is not formed but inter-diffusion
of atoms between the Ce adsorbate and the Ni
substrate takes place. Since intermetallic
compounds are formed as a result of this
diffusion, the hybridization between the Ce 4/
states and Ni 3d states is enhanced.
Ce/Ni(110) as deposited
40A

900
880
860
Binding Energy (eV)

840

Fig.l Ce 3d and Ni 2p XPS spectra of
Ce/Ni(l 10) with Ce deposited at the
room temperature.
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Though overlayers of group-III metals on Si(OOl)
surface have attracted much attention due to
interesting growth mode and adsorbate structure,
there are very few reports on the surface electronic
structures [1,2].
We report the first angle-resolved photoelectron
spectroscopy (ARPES) result on a single-domain
Si(001)2x2-Al surface. The ARPES measurements
were done on BL-18A PF KEK. ARPES spectra were
measured along seven mirror lines of the surface
Brillouin zone (SBZ, see Fig. la) such as [110], [lTO],

Al atom

Too

O SI atom

Fig. 1 (a) SBZ of Si<001)2x2-Al surface, (b) A schematic
diagram for the structure of surface unit cell and
bonds between constituents.

[100], r i0 -r n , r m -r n , f^ -r,o and Jro -Ja for complete
determination of the dispersions of surface states
(SS's). To map out the dispersions of SS's, we used
the "grey-scale Eg-k^ diagram" where the brightness
is roughly proportional to I/VV ; I is the intensity of
a peak and W is the width of the peak as shown in
Fig. 2 [3]. As shown in Fig. 2, we have deduced that
there exist five SS's, S,, S2, S'2, S3 and S'3. Fig. 3
summarizes the experimental results. All the five SS's
were found to have the expected 2x2 periodicity of
SBZ suggesting that they are the intrinsic SS's.

Fig. 2 Part of grey-scale EB-k// diagram for Si(001)2x2Al surface. The white (black) broken lines are the
edges of bulk bands projected to lxl SBZ (the
assigned dispersions of the surface states).

From the structure model (see Fig. lb) and the
details of the characteristics of dispersions , it may
be plausible to assign the state S, to the Al-AI dimerbond state and S2 (Sp and S3 (S3") to the Al-Si backbond states [3].
References
[1] Y. Enta, S. Suzuki, and S. Kono, Surf. Sci. 242
(1991) 277.
[2] J. E. Northrup et al., Phys. Rev. B 44 (1991) 13799.
[3] H. W. Yeom et al., Surf. Sci. 321 (1994) L177 and
references therein.

Fig. 3. Summary of measured surface state
dispersions. The squares (circles) are the previous
results for Si(001)2x2-Ga (-In) taken from ref. 1 (2).
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Introduction
Fl-ATPase (Fl) is the soluble and catalytic portion
of ATP synthase ( Fo-Fl complex ): ATP synthase
catalyses the conversion of the proton gradient
across membranes into ATP, thus playing a crucial
role in oxidative phosphorylation.
Fl from a thermophilic bacterium PS3 ( TFl) is a
very stable molecule and has a molecular weight of
385,000, with a subunit composition of
a3p3Y6£(a,55,000; p ,52,000; y, 32,000; 6, 20,000;
E,14,000). The primary structures of all the
subunits of TFl were determined from the DNA
sequence, and an overproducing system for the a,p
and Y subunits was established.
Recently, a core part of Fl, <x3p3 complex was
successfully reconstituted using over-expressed
subunit preparations. The agP-j complex show
20 % of the ATPase activity of TFl, with similar
kinetics features. However its ATPase activity
lacks sensitivity to metal ions and azide.

The modified crystallization conditions described
above lessened the transport problem of the crystals
to PF.
Native data sets to 3.0 A resolution were collected at
BL18B and using Sakabe camera with 430 mm film
casette. Data were collected in a usual oscillation
mode, because the cell was too large for
Weissenberg mode.
Data Analysis
In addition to the program WEIS for analysis of
Weissenberg data(2), the program DENZO was
introduced to our analysis system this year. The
conversion rule of mis-setting angles obtained by
AUTO was established for the program DENZO.
Unmerged data set obtained by either WEIS or
DENZO was tranferred by a program ROTAPREP
to CCP4 program system (3) for further analysis
The scaling and merging of the data were done by
SCALA and AGROVATA(3), and F values were
obtained by TRUNCATE. A comparison of
performances of WEIS and DENZO is described in
proposal No 94G03 in this issue.

We have crystallized TFl, but at the moment,
crystals give low resolution (ca 9 A) diffraction
pattern(l). In contrast, the 03 p 3 complex gave
diffraction patterns to 4 A resolution using sealed
tube x-ray source. In the experiment described
here, we dealt with the crystals of the <x$p3
complex.

The collected native data showed that the
spacegroup of the crystal is P2l3, which was
previously difficult to know from precession
photography due to multiple faces and crowdedness
of diffraction spots. Assuming a third of a 3 p 3
complex is contained in an asymmetric unit, a value
of Vm= 3.2 A3 / dalton is obtained, which is
consistent with values for other protein crystals.
Crystallization
This
means that the three a subunits have
Crystals of the 05 p3 complex were grown by
equivalent
conformation in this crystal form and the
hanging drop method. The lOfA drop contained 10same
is
true
for the three p subunits
15 mg <x3p3 complex /ml ( 120 mM sodium sulfate,
50 mM Tris-HCl (pH 8.0)) and 11-15 %
References
polyethylene glycol 20,000. The 4 ml reservoir
l)Shirakihara,
Y.,
Yohda.Y.,
Kagawa, Y. ,
contained PEG 20,000, with concentration higher
Yokoyama,
K.
,Yoshida,
M.
(1991)
J Biochem.
by 2 % than the concentration in the drop, and was
109,
466-471.
set at 15°C. Plate crystals with multiple faces and
2)Shirakihara,Y., Ueda,T.,Sekimoto,Y.,
with typical dimensions 0.5 mm x 0.5 mm x 0.3
mm grew in 2 weeks. The crystals are cubic, with Morimoto.Y., Yoshida.M. & Saiga.K.
(l993)Photon Factory Activity Report ,11,387.
cell dimensions a=160 A.
3)Collaborative Computational Project.Number 4
(1994) Ada Cryst. D50.760-763.
Data collection at Photon Factory
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Introduction
Both prokaryotes and eukaryotes have multiple
species of DNA polymerases. Among eukaryotic
enzymes, DNA polymerase p works for DNA
repair.

the reagent in the above synthetic mother liquor.
The immersion period was usually 2 days except 2
weeks for K2PtCl4.

Data collection at Photon Factrory
Native data sets to 2.0 A resolution were collected at
DNA polymerase p is the smallest DNA polymerase BL18B using Sakabe camera with 430 mm film
consisting of a single polypeptide chain with
casette. Derivative data sets were collected to a
molecular weight of about 39,000. From simplicity slightly lower resolution of 2.8 A for the four
in molecular architecture and reaction mechanism,
candidates (pHMB, methylmercury chloride,
the enzyme is suited for mechanistic study of
Ethylmercury chloride, K2PtCl4). Data were
nucleotidyltransferase reaction in DNA synthesis.
collected utilizing feature of Sakabe camera when
the crystal was mounted along c-axis, otherwise
data were collected in a usual oscillation mode.
Recombinant DNA polymerase p was overproduced in E.coli, and was extensively purified
in an active form. Rat DNA polymerase p
Data Analysis
consists of two protease-resistant segments, a
In addition to the program WEIS for analysis of
small N-terminal domain (1- 87, 8k domain) and
Weissenberg data(2), the program DENZO was
a large C-terminal domain (88-335, 31 k
introduced to our analysis system this year. The
domain). The 8 k fragment retains single-strand
conversion rule of mis-setting angles obtained by
DNA binding property while the 31k fragment
AUTO was established for the program DENZO.
doesn't bind to DNA. Site-directed mutagenesis
Unmerged data set obtained by either WEIS or
study has demonstrated that the residues
DENZO was transferred by a program ROTAPREP
contained in 31 k fragment are involved in
to CCP4 program system (3) for further analysis
primer recognition.
The scaling and merging of the data were done by
SCALA and AGROVATA(3), and F values were
obtained
by TRUNCATE. A comparison of
Our extensive search of crystallization conditions
performances of WEIS and DENZO was made in
of the intact DNA polymerase p was only
other crystals(described in proposal No 94G03 in
partially successful. However, the 31 k Cthis issue).
terminal fragment formed X-ray grade
crystals(l). In the experiment described here,
Using this system, the native data was found to
we dealt with the crystals of the 31 k fragment of
extend to 2.0A resolution with Rmerge=6.5%. The
the DNA polymerase p.
K2PtC14 derivative data showed clearly the
positions of bound Pt in the Harker sections.
Crystallization & derivatization
Reference
Crystals of the 31 k protein were grown by
microdialysis(l).The crystals are orthorhombic,
l)Shirakihara, Y., Matsukage, A., Nishimoto, Y.
space group P2l2l2, with cell dimensions a=120.3 & Date, T. (1994) J Mol. Biol. 235, 1342-1344.
A , b= 64.2 A, c= 39.4 A. Assuming one 31 k
2)Shirakihara,Y ,Sekimoto,Y.,Ueda,T.,
fragment in an asymmetric unit, a value of Vm=
Morimoto.Y., Nishimoto.Y. & Matsukage.A.
2.37 A 3 / dalton is obtained, which is consistent
(1993)Photon Factory Activity Report ,11,388.
with values for other protein crystals.
3)Collaborative Computational Project.Number 4
The crystals were transferred to a synthetic mother (1994) Ada Cryst. D50J60-763.
liquor with the same contents as the reservoir
solution except an elevated PEG concentration to
7%. Heavy atom derivative solutions were
prepared by including appropriate concentration of
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Introduction
In the local hemorrhagic process to which crotalid and
viperid venoms lead, metalloproteinases play the role of
the disruption of the pericellular basement membrane
protein of vessel wall. These enzymes share the zinc
chelating sequence HEXXHXXGXXHD and the
methionine containing turn sequence CIM. H2-proteinase
[EC 3.4.24.53] is a major metalloproteinase in the venom
of Trimeresurus flavoviridis (Japanese habu snake). It is a
member of the lowest molecular weight class of snake
venom proteinase family and consists of 201 amino acid
residues (1). It is confirmed that this enzyme digests the
oxidized insulin B chain, the fibrinogen Aa-chain and
some synthetic peptides. The enzyme preferably
hydrolyzes the peptides which have five or more residues
and a bulky hydrophobic PI' residue, which is the
carboxyl side of the digested peptide bond. Although H2proteinase is free from the hemorrhagic activity and its
function is unclear, it is homologous to hemorrhagic
proteinases. We are determining the crystal structure of
this protein to examine the structural characteristics of the
substrate recognition of these snake venom proteinases.

150 residues with 5 /? strands and 4 a helices, and the
irregularly folded C-terminal domain has only 1 helix.
The catalytic zinc-ion is located at the center of the
cleft and binds in a distorted tetrahedral manner to 4
ligands — Hisl43, Hisl46, Hisl50 in the consensus
binding sequence and the putative catalytic water. The
wall of the SI' pocket, which recognizes the hydrophobic
bulky PI' residue, consists of Phel34, Vall38, Ilel69,
Pro 173.
This enzyme has 2 disulfide bridges in the C-terminal
domain: one connects Cysl61 and Cysl64 near the Metturn, another bond occurs between Cysl58 on a loop area
and Cysl80 in a helix. These features are different to 2
snake venom proteinases — adamalysin II (4) and
atrolysin C (5), and may related to substrate recognition.

Experimental
Crystals were obtained from an ammonium sulfate
solution by means of hanging drop vapor diffusion
method. The crystal has a shape of truncated bipyramid
and belongs to the space group PA-{L{L with cell
dimensions a = 77.8 and c = 82.3 A. Diffraction data for
MIR phasing were collected using a Rigaku R-AXISIIC
imaging plate detector with a rotating anode generator,
and the initial phase from 3 derivatives (KAu(CN)4>
EMTS, Er2(SO4)3) had been obtained at 2.5 A resolution.
In Photon Factory, we collected higher resolution data
(up to 2.2 A) and anomalous diffraction data for the zinc
atom on screenless Weissenberg cameras at the BL6A and
the BL18B stations (2). These data were processed using
the program WEIS (3). A Bijvoet difference Patterson
map shows peaks corresponding to the zinc and its
position was determined. Then, the data were added to the
MIR phasing as a 4-th derivative and an electron density
map was recalculated.
An initial model was built using the program TURBOFRODO and refined using the program X-PLOR. Current
model has an /?-factor of 0.176 for 10,587 reflections (F >
2 a) between 8.0 to 2.2 A resolution.
Results
The H2-proteinase molecule has dimensions 50 x 45 x 30
A with a cleft dividing into 2 domains (Figure). The Nterminal domain (upper) is composed of approximately
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Figure. Schematic drawing of H2-proteinase.
References
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Introduction
Hydroxylamine oxidoreductase(HAO), isolated
from Nitrosomonas europaea, is a multi-heme
enzyme that catalyzes the oxidation of
hydroxylamine to nitrite0. This is a trimeric
enzyme of identical 63 kDa subunits, each
containing seven c-hemes and heme P4602). We
have carried out crystallographic studies to
elucidate the three dimensional structure and the
functional properties of HAO.
Experimental
Crystallization of HAO was performed by the
vapor diffusion method using ammonium sulfate
as precipitant. The space group is P6, with cell
dimensions a = b = 962k, c = 265.6A and with
two subunits per asymmetric unit. Two heavy
atom derivatives was prepared by soaking in
lmM K2PtCl4 and lOmM UO?Ac2. We have tried
to couple the anomalous dispersive effect of
heavy atom with the MIR phasing.
The diffraction data collection was carried out
with a screenless Weissenberg camera for macro
molecule3' with a Fuji imaging plate at the
BL-18B station in Photon Factory. The
Pt-derivative Bijvoet data was collected using
1.07A wavelength near the absorption edge of Pt
atom. The twenty-one images were independently
processed by the WEIS program system4} to
assign indices and integrate intensities. Then,
intensity data were merged and scaled by the
CCP4 program suit. After these process, the
merged R-factor was 0.048 with completeness of
95.1% at 4.0A resolution.

The position of the Pt-binding site was located
by the isomorphous difference Patterson map
(Fig. 1). Anomalous effect was evaluated
between each Bijvoet pairs and supplied to
calculate difference Patterson map. The same
peak could be found on the Bijvoet difference
341

Patterson map (Fig. 2). This shows that the
anomalous signal of Pt atom introduced to HAO
could be detected. Now, more suitable derivative
preparation and the phasing by MIRAS method is
in progress.

w=l/2
Fig. 1 The Harker section of Isomorphous
difference Patterson map.

u
w=0
Fig. 2 The Harker section of Anomalous
difference Patterson map.
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3) Sakabe, N. (1983)/. Appl. Cryst. 16, 542-547
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Introduction
Peroxidase purified from Arthromyces ramosus (ARP)
is a fungal peroxidase capable of catalyzing the oxidation
of a variety of compounds using hydrogen peroxide.1)
ARP consists of 344 amino acid residues and one iron
protoporphyrin IX, and contains 5 % of carbohydrate and
2 calcium ions. The crystal structure of ARP has been
determined at 1.9 A resolution.2) The first step of the
enzyme reaction, compound I formation, occurs at the
distal side of the heme, where histidine and arginine
residues play an important role. This step involves
formation of enzyme-H2O2 complex followed by cleavage
of H 2 O 2 , producing the compound I and a water
molecule. We have found that upon formation of a
complex with triiodide the conformation of His56 changes
but that of Arg53 does not. In order to shed light on the
reaction mechanism, we have attempted to determine the
structure of a metastable intermediate, the compound I.
As the first step of this study, we have evaluated Laue
diffraction of ARP crystals.
Experimental and Results
The crystals belong to space group P^^-l^ w i t n
a=i>=74.6 A, and c=117.5 A, and have one molecule per
asymmetric unit.3) Laue diffraction data were collected at
the BL18B using Laue camera.4) The distance from the
crystal to the imaging plate (40x20 cm) was 388 mm.
The exposure time of each shot was 10 msec. In total,
four Laue diffraction patterns were recorded on the
imaging plates, and read out by BAS-2000. One of the
diffraction patterns is shown in Fig. 1. The intensity data
were processed using the PF version of the program
system modified by Higashi. The data from 7.0 to 2.5 A
resolution were collected. These were merged and scaled
with PROTEIN system to yield 5,395 independent
reflections. The ^ m e r g e and completeness were 18 % and
50 %, respectively.
ARP crystal gave sharp diffraction spots and was
suitable for structural analysis by Laue method. The
electron density map, calculated with the present data and
the phases derived from the previous 1.9 A resolution
structure, could be interpreable but was rather noisy.
We tried to prepare the crystal of the compound I by
soaking the native ARP crystal in the solution containing
H 2 O 2 . Unexpectedly such treatment did not lead to the
color characteristic of the compound I, although the color
of ARP solution changed immediately when hydrogen
peroxide solution was added to it.

Fig. 1. Laue diffraction pattern of ARP crystal
We thank Dr. Nobuhisa Watanabe and Prof. Noriyoshi
Sakabe for their kind help in the data collection using the
Laue camera.
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Introduction
Glycinin, the major storage protein of soybean seeds,
shares many structural characteristics with other U S
globulin distributed in many legume and nonlegume
seeds U It is initially synthesized as a single polypeptide
precursor consisting of covalently linked acidic and basic
polypeptide 2 l After the signal sequence is removed cotranslationally in the endoplasmic reticulum, the resultant
proglycinine subunits assemble into trimers of about 8 S.
The trimers move into the protein bodies and are then
cleaved to form acidic and basic polypeptides linked by a
disulfide bridge 3) We have been studied the
improvement of food functions of glycinin by protein
engineering and have developed new proglycinins with
better nutritional and fuctional properties than the native
glycinin 4 '^i In order to clarify the relationship between
glycinin structure and functional properties at the
molecular level, the protein structral analysis is inevitable.
As the crystallization of glycinin has not yet been
attained due to the polymorphism of its primary structure
and heterogeneity of the molecular species, we tried to
elucidate the srtructure of proglycinin expressed in
Escherihia coli.
Experimental and Results
The proglycinin (AlbBlb-3, lacking the N-terminal 3
amino acids and having the initiation methionine)
expreseed in Escherihia coli. JM105 transformed with
plasmid pKGAlbBlb-3 was extracted from the cells and
purified by using a Hiload 26/10 Q-Sepharose as
described previously 6). Crystallization of the proglycinin was performed by the dialysis equilibrium method "/
The proglycinin solution (6.6 mg/ml) was dialyzed
against 0.1 M Tris-HCl (pH 7.6), containing 1.5 mM
phenylmethylsulfonyl fluoride, 1 mM EDTA, 0.02%
sodium azide and 10 mM 2-mercaptoethanol at 4°C.
Crystallization usually commenced within 49 hours and
the crystals grew to more than 1.0 mm in length within
one week. The crystals mounted in quartz capillaries
were subjected to X-ray diffraction experiments using a
Nonius precession camera with Ni-filtered CuKa radiation generated by a Rigaku X-ray generator.The crystals
diffracted X-rays to a resolution limit at least 2.9 A on
still photographs. The precession photographs indicates
that the crystals belong to tetragonal system, spacegroup
P4i or P43, with unit cell dimens-ions of a,b=115.2 and
c= 147.1 A. The density of the crystals, as measured in a
Ficoll density gradient, was found 1.16 g/cm 3at 25°C.
Using a partial specific volume of 0.722 cm ^/g
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as estimated from the amino acid composition of the
proglycinin, the number of protomers/asymmetric
unit is calculated to be 3.17. Assuming three molecules of proglycinin per asymmetric unit, the
solvent volume fraction, Vsol, is 58.4%.
Heavy atom derivatives were prepared by soaking
the native crystals to the mother liqid containing 1.0
mM methyl mercury (CH3HG), 1.0 mM p-chloromercurybenzene sulfonate (PCMBS), 5.0 mM gold
chloride (KAuCU) for 15-20 hours at 20°C. The
low resolution (6 A) diffraction data of the native
proglycinin and the heavy atom derivative crystals
were collected by a Siemens X-1000 area detector at
Research Institute for Protein Chemistry, Osaka
University. These data were processed and scaled by
using Xengen and Phases software package. The
heavy atom sites determined from the isomorphous
difference Paterson maps were refined by Phasit of
Phases software package. The overall mean figure
of merit wasa 0.607 for 4,348 diffractions. The
solvent flattening technique was applied on the isomorphous replacement phases to improve the
overall mean figure of merit to 0.85 . The resulted
map clearly distinguishes the protein region from
that of solvent. The protein region indicates the
boundaries of the proglycinin molecule composed
of three protomers related by a three-fold axis
symmtry. This three-fold synmmetry axis in the
asymmetric unit was refined, and the protein density
was averaged by Phases software package.oThe date
collection and refinement at more than 3 A resolution is now under way.
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Introduction
Monoamine oxidase (MAO) catalyzes the
oxidative deamination of a monoamine to the
corresponding aldehyde, hydrogen peroxide, and
ammonia. MAOs have been found in animals ,
plants, and microorganisms. Though it is
thought to be involved in the metabolism of
biogenic amines, its physiological role remains
controversial. Copper-amine oxidases comprise
two identical subunits and contain an organic
cofactor as well as a copper atom in each subunit.
6-hydroxydopa quinone, also known as topa
quinone (TPQ), was shown to be the cofactor of
copper-amine oxidases of animals, plants, and
microorganisms1. Recently, it was found that
TPQ was produced through posttranslational
modification of a tyrosine residue, and that
cofactor site peptide sequences containing this
tyrosine residue, which are converted to TPQ,
were highly homologous.
E. coli MAO contains copper and topa quinone
as cofactors. Therefore, crystal structure
analyses of copper/TPQ-amine oxidase are
required to determine the structure of the enzyme
active site, the interaction between the Cu atom
and the TPQ, and the interaction between a
substrate and the enzyme.
Results and Discussions
MAO overproduced by means of cloning was
purified to homogeneity by preparation of a
periplasmic fraction, DEAE-cellulose column
chromatography, and crystallization.2
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The purified MAO has been crystallized by
means of the hanging drop technique using
sodium citrate as a precipitant. The systematic
absence of reflections in the MO and HOI zones of
precession photographs indicates that the crystals
belong to the orthorhombic system, space group
P2i2i2i, with unit cell dimensions of a = 136.1
A, b = 168.4 A, and c = 81.6 A. The unit cell
volume was 1.87 x 106A3. The density of the
crystals, as measured in a Ficoll density gradient,
was found to be 1.15 g/cm3 at 25 t . Using the
partial specific volume of proteins, 0.735 cm3/g,
as estimated from the amino acid composition of
the MAO, the number of protomers/unit cell was
calculated to be 7.96.
Assuming two subunits of MAO (Mr= 162,000
Da as a dimer) / asymmetric unit, the solvent
volume fraction, V sol, is 58 %, and the ratio of
cell volume to unit protein mass; Vm, is IX ; A 3 /
Da. The number of subunits in an asymmetric
unit is agreement with the fact that the enzyme
consists of two homodimers in solution3. A
search for heavy atom derivatives and data
collection for determination of the threedimensional structure of the MAO are in
progress.
References
1) Janes S.M., et al. Science, 248, 981-987.
1990.
2) Roh. J. H., et al. Biosci. Biotech. Biochem,
58, 1652-1656. 1994.
3) Roh. J. H., et al. J. Mol. Biol., 238, 635637. 1994.
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The structure of the photosynthetic reaction
centre (RC) from Rhodopseudomonas viridis is
known to high resolution. It contains a firmly
bound tetraheme cytochrome from which
electrons are donated back to a special pair (P) of
bacteriochlorophylls, which is photooxidized
upon absorption of light. Tyrosine at position
162 of the L-subunit of the reaction centre
(L162Y) is a highly conserved residue
positioned halfway between P and proximal
heme group (c-559) of the cytochrome. By
specific mutagenesis this residues was
exchanged against seven kinds of aminoacids.
This time we could obtained good crystals from
the two mutants (Y->F and Y->T) and could
determine the structures using the X-ray data
collected at Photon Factory and at our institute.
The X-ray data collection for the mutant Y->
F was carried out at the BL18B station in the
Photon Factory (A=1.00 A). The intensity data
were obtained using a Weissenberg camera for
macromolecular crystallography and an imaging
plate as a detector. The imaging plates were
digitized with a BA100 Bio-image Analyzer and
the intensities were integrated and scaled with
the program, WEIS . The X-ray data for the
mutant Y->T were obtained with a MARResearch imaging plate detector using Ni-filtered
CuKoc radiation. Table 1 contains a summary of
the data collection statistics.
The crystal structures of mutant reaction
centres were determined using the wild type
structure. Positional and temperature factor
refinements were performed with the program
XPLOR.
The refinement converged at
crystallographic R-factors of 19.1% (10-2.5 A)
for the Y->F mutant and 18.7% (6-3.2A) for the
Y->T mutant. Table 1 contains a summary of
refinement statistics.
Apart from the mutation site, the overall
structures of the mutants are nearly unchanged to
the wild type. The r.m.s. deviations of Coc
positions of Y->F and Y->T mutants from the
wild

type structure are 0.249 A (est. err. 0.27A) and
0.339A (est. err. 0.33A), respectively.
Focusing on the mutation site, a few differences
between two mutant structures are visible. In
the case of the F-> Y mutant, the replacement of
the residue does not cause any further
conformational change. In contrast, the
replacement of Tyr to Thr is followed by a slight
shift of c-559 up to 0.3 A towards the special
pair. Missing van der Waals contact between
L162Y and c-559 might be the responsible for
the movement. From these and further
spectroscopic experiments results, we concluded
that L162Y is not included in the fast electron
transfer but it may support an ideal docking of
the cytochrome subunit with the L and M
subunits.
Table 1. X-ray data collection and refinement
statistics
Mutant
X-ray data
Resolution range (A)
Total observations
Unique reflections
Completeness (%)
R-merge (%)

Y->F

Y->T

100-2.5
163,375
71,719
71.8
7.6

40-3.2
184,469
38,481
78.4
13.6

Refinement statistics
Resolution (A)
10-2.5
6-3.2
Reflections (F>2F(a)) 69,682
30,649
No of atoms
12,640
12,001
R-factor (%)
19.1
18.7
Rms deviations from ideality
0.012
0.012
Bond lengths (A)
Bond angles (deg)
1.8
1.9
Side chain
torsion angles (deg)
23.0
23.8
Improper
torsion angles (deg)
2.6
3.0
Peptide w angles (deg) 6.7
7.9
Average B-factors (:A2)
all atoms
23.8
24.3
protein atoms
23.8
24.7
cofactors
20.5
18.1
water molecules
26.9
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enough for a total 60 degree rotation where a
complete set of reflections was obtained.

Introduction

Fl-ATPase (Fl) is the soluble and catalytic portion
of ATP synthase ( Fo-Fl complex ): ATP synthase
Data Analysis
catalyses the conversion of the proton gradient
across membranes into ATP. The ATP synthase is Both DENZO and our version of WEIS were used
universally found in energy transducing
for analysis of the Weissenberg data. The
membranes.
modification of WEIS was described previously
(3). The collected intensity by either program was
Fl from various sources share common properties evaluated using rotaprep, scala, agrovata in CCP4
program package(4). The results are summarized in
such as subunit stoichiometry, and molecular
the following table.
weight values for the subunits and for the whole
molecule. Fl from a thermophilic bacterium PS3 (
TFl ) has a molecular weight of 385,000, with a
DENZO
WEIS
resolution
subunit composition of a3p3Y6e(a,55,000;
3.2
3.2
p,52,000; Y, 32,000; 6, 20,000; e,14,000). An
124,601
overproducing system and purification methods for No. of fullys 87,491
the subunits was established(l).
No. of
cc3p3 complex of TFl has been found
independent
26,989
22,535
recently (2), using the recombinant proteins.
reflections
The complex has ATPase activity, one third of
the ATPase activity of Fl, but lacks in sensitivity
2,940
10,217
Rejected
to metals and azide which Fl has got. Therefore
reflections
it is assumed the complex can be assumed to be a
core complex for ATPase activity.
Rmerge
0.085
0.089
In this report, we describe an x-ray analysis of
Completeness 83%
99%
the crystals of the a3p3 complex.
Crystallization
Crystals of the 013P3 complex were grown by a
modified method from the previous one(3). The
new conditions allowed easy transport of the
crystals to the PF. The crystals are cubic, with cell
dimensions a= 159.5 A. Estimation of the mass
included in an asymmetric unit indicates that three a
subunits and three P subunits in the complex have
the same conformations, respectively.

These statistics may show that DENZO performs
better than WEIS in data collection. The structure
solution by molecular replacement is in progress.
References
l)Shirakihara, Y., Yohda.Y., Kagawa, Y. ,
Yokoyama, K. &Yoshida, M. (1991) J Biochem.
109, 466-471.
2)Miwa,K. &Yoshida,M. (1989) Proc. Natl. Acad.
SCJ.,86,6484-6487.

3)Shirakihara,Y., Ueda,T.,Sekimoto,Y.,
Morimoto.Y., Yoshida.M. & Saiga.K.
(1993)Photon Factory Activity Report ,11,387.
Native data sets to 3.2A resolution were collected at 4)Collaborative Computational Project.Number 4
BL18B and using Sakabe camera with 430 mm film (1994) Ada Cryst. D50.760-763.
casette. In the typical data collection, one exposure
had 3 degree rotation (with no translation) and 2
minutes exposure time. Crystals were stable
Data collection at Photon Factory
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Introduction

IFo - Fcl difference Fourier maps revealed two large peaks of
electron density which were located in the cleft containing
the active site of the enzyme. Both peaks were assigned to pnitrophenol molecules.
The previous X-ray study of oligo-1,6-glucosidase revealed
that the molecule consists of three structural domains
including the N-terminal (a/p)g-barrel domain. From some
analogies in primary and tertiary structures among proteins
functionally related to the present enzyme, the active site of
the enzyme is predicted to lie on the C-terminal edge of the
parallel P-sheet in the N-terminal domain. The possible
candidates for the catalytic residues of the enzyme are
Asp 199, Glu255, Asp329 which are located on the Cterminal ends of the P-strands, Np4, N(35 and N(37,
respectively. One of the two p-nitrophenol molecules found
on the difference Fourier maps existed in the vicinity of these
putative catalytic residues, with the other p-nitrophenol
molecule next to itself. The formar p-nitrophenol may act as
an inhibitor against the enzyme by blocking the active site
for the substrate through strong binding to the catalytic
residues. The latter may bind to one of the substrate-binding
sites. The more detailed crystallographic analysis of the
complex structure is now underway.

Oligo-l,6-glucosidase is a unique enzyme which hydrolyzes
the non-reducing terminal a-1,6-glucosidic bonds of
isomaltosaccharides, panose and a-limit dextrins, but which
does not act on a-l,4-glucosidic bonds of maltosaccha-rides.
On the basis of the results from extensive studies on Bacillus
oligo-l,6-glucosidases, the proline theory for protein
thermostabilization has been proposed (1, 2). This theory
suggests that a protein would be thermostabilized with
increases in the frequency of proline occurence at p-turns and
the total number of hydrophobic residues in the protein. For
elucidation of the structure-function relationship as well as
dissection of the proline theory, X-ray crystallographic
works of the enzyme has been carried out by our group. The
crystal strycture of an oligo-1,6-glucosidase from the
mesophile, Bacillus cereus ATCC7064 has already been
solved by 3.0 A X-ray analysis (3), and refined at 2.0 A
Resolution. In order to explain the function in more detail
from a structural viewpoint, we have analyzed the structure of
oligo-1,6-glucosidase complexed with an inhibitor, pnitrophenol by X-ray crystal analysis.
Experimental
Crystals of the complex were prepared, as described in the
previous work of the enzyme (4), by a hanging drop vapor
equilibration of a solution containing 4% protein and 2mM
p-nitrophenol against 52% saturated ammonium sulphate
(pH 7.0). The crystals isomorphous with the native ones
were obtained in two weeks. Diffraction data were collected
on BL-18B station of PF, KEK, using a screenless
Weissenberg camera with a crystal-to-IP distance of 429.7
mm and a X-ray wavelength of 1.00 A. A diffraction pattern
was recorded on an image plate by rotating the crystal by
4.5° around the hexagonal c-axis, with the coupling
constant of 1.5°/mm, rotation speed of 2°/sec and 12
oscillations. The rotation angle was overlapped by 0.5°
between the adjacent exposures. Sixteen imaging plates of
diffraction patterns were digitized on a Fuji BAS2000
photoscanner. The resulting raw data were processed with a
program WEIS to 39,805 observed reflection data at 2.5 A
resolution. These observations were scaled and merged into
the data set of 18,068 unique reflections for the complex
crystal with Rmerge of 0.096. The set of the native data used
in the previous work of native enzyme structure was again
applied to the present analysis of the complex structure. The
ratio of intensity change between the native and the complex
data sets was 0.057 at 2.5 A resolution.

References
(1) Y. Suzuki, K. Oishi, H. Nakano and T. Nagayama, Appl.
Microbiol. Biotechnol. 26, 546-551 (1987)
(2) Y. Suzuki, Proc. Jpn. Acad. Ser. B65, 146-148 (1989)
(3) H. Kizaki, Y. Hata, K. Watanabe, Y. Katsube and
Y. Suzuki, J. Biochem. I L L 646-649 (1993)
(4) K. Watanabe, K. Kitamura, Y. Hata, Y. Katsube and
Y. Suzuki, FEBS Lett. 290, 221-223 (1991)

Results and Discussion
The structure analysis of the binary complex was carried
out by difference Fourier method. The initial phase angles for
the complex were calculated from the coordinates of native
enzyme structure refined at 2.0 A resolution. The quality of
diffraction data for the complex crystal was not so good
because of the poor crystallinity. However, the I2FO - Fcl and
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Introduction
We have recently solved the crystal structure of
serratia protease, which is a zinc metalloproteinase
with several binding Ca2+ ions, by use of anomalous
dispersion of Zn2+ ion at 2.0 A resolution^. Seven
Ca2+ ions were then found from a native difference
Fourier map calculated using the data from a
wavelength of 1.000 A, based on their geometry. We
have investigated that accurate identification and
location of their Ca2+ ions is possible by use of small
anomalous dispersion of the Ca2+ ion.
Experimental
X-ray diffraction data of Bijvoet pair reflections
were collected using at beam line BL6A2 and
BL18B using Weissenberg camera2) (Table 1). Two
kinds of wavelengths used were 1.283 A at BL6A2
and 1.500 A at BL18B, respectively. The
contributions of f and f' for Ca2+ ion are 0.356 and
0.924 at 1.283 A and 0.348 and 1.227 at 1.500 A,
respectively. The diffraction intensities were
recorded on the imaging plate (20X40 cm), and read
out by Fuji BA100 and BAS2000. The intensities
from 1.283 A were evaluated using WEIS program
system3), but the evaluation of the data from 1.5000
A is in progress. For data from 1.283 A, Rmerg,
Rsym(obs), and Rsym(calc) were 0.0359, 0.0315 and
0.0145, respectively.
Results
An anomalous difference Fourier calculation at 3.5 A
resolution was carried out to locate Ca2+ binding sites
(Fig. 1). The phases of each reflections in the
calculation were derived from the crystal structure
analysis at 2.0 A resolution whose R-factor was
0.184. Four positions with significantly prominent
peaks (Cal, Ca2, Ca3, Ca4 and Ca5) were similar to
those of five Ca2+ ions among seven Ca2+ ions
identified from
native Fourier map at the
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wavelength of 1.000 A. At the two positions of Ca6
and Ca7, there did not show any peak in the map.
Table 1. Experimental conditions
Beam line
Wavelength (A)
Rotation axis
Coupling const (deg./mm)
Aw (deg.)
AZ(mm)
Overlap (deg.)
Rotation speed (deg./sec)
Number of oscillations

BL6A2
1.283
c
1.0
5.0
5.0
0.5
2.0
6

BL18B
1.500
c
1.2
6.0
5.0
0.5
2.0
20

252

404

Fig. 1.
References
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3) Higashi, T. (1989) J. Appl. Cryst. 22, 9-18
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Introduction

non-crystallographic 2-fold axis in the
asymmetric unit, which is perpendicular to the
direction.
Table I. Summary of Data Collection

Prolyl endopeptidase [EC3.4.21.26] from
Flavobacterium
meningosepticum
overexpressed in E. coli for the purposes of
crystallographic studies. The protein is a
monomer protein with 78K containing of 705
amino acids.
The recombinant enzyme
(25mg/mL) has been crystallized by the batch
method from solutions of 21 - 25% (w/v)
polyethylene glycol (PEG1.5K) and 50mM
Sodium phosphate buffer at pH 7.5. Crystals
were grown within one or two weeks at 25°C
upto dimensions of about 1.5mm x 0.8mm x
0.5mm.
Crystals were monoclinic ( space group P 2i,
a= 89.26A,6= 144.26A, c= 59.41 A,
/?= 97.35° , Vm = 2.4A 3 /Da, Vprot = 51
Z = 4) with two molecules in the asymmetric
unit related by a noncrystallographic diad.

1.0
A (A)
Oscillation range (° /frame)
5.5
Overlap (* )
0.5
No. of Frame
37
Total oscillation range (° )
185
Exposure time (sec/frame)
66
Observed reflections
46,804
12,454
Independent reflections
65.8
Completeness (%)
Rmerge (%)
9.07
The structure will be soluted by the method of
multiple isomorphous replacement (MIR).
Several heavy atom derivatives preparation are
in progress and two heavy atom derivatives
used in structure.solution. Eight Hg sites were
located using Patterson search techniques and
used in difference Fourier calculations which
revealed the heavy atom positions in another
derivative. Four sites were found in the Pt
derivative. The refinement of all heavy atom
positions and calculation of phases were carried
out using MLPHARE (CCP4). The overall
figure of merit was 0.54 for 6226 reflections of
10 to 5 A resolution. The electron density maps
calculated from the MIR phases revealed
approximately molecular boundary and
identified nearly the corresponding 2-fold axis
to the resulting noncrystallographic symmetry
of self-rotation function search described
above. This map suggested to be the existence
of the disulfide bond between two cystain
residues in C-terminal domain which expected
from the amino acid seqence of this enzyme.

Experimental and Results
Fresh crystals were chosen for data collection.
Diffractions of SR were collected by using a
macromecular Weissenberg Camera installed at
BL-18B, the Photon Factory. Measurement
condisitions are shown with Table I.
Diffraction image data were processed with the
program package DENZO and scaled with
SCALEPACK (Z.Otwinowski).
A total of 46,804 observations of 12,454
unique reflections [ I > 3<r( I ) ] was mesured
from a single crystal with an Rsym of 9.07%
and 65.8% completeness to 3.5 A resolution.
This data set was used to calculated with Selfrotation functions search by the POLARRFN
(in the CCP4 suite). This results suggested that
there were two protein molecules related by one
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Introduction
The pyruvate dehydrogenase complex is a wellorganized multienzyme system consisting of
multiple copies of three component enzymes,
pyruvate dehydrogenase(El), dihydrolipoyl
acetyltransferase(E2), and lipoamide dehydrogenase(E3), which catalyses the serial reactions
specifically and efficiently. The complexes are
classified into two types of the central core
structures composed of E2s with different
symmetries depending on organisms. One has
the 432 symmetry in Gram negative bacteria and
the other the 532 symmetry in Gram positive
bacteria and in eukaryotes. To elucidate the
reaction mechamizm and relationship between
core structural symmetry and function, we are
analyzing the crystal structure of E3 from yeast.

symmetry, the X-ray structures of E3s from
Azotobacter vinelandii and Pseudomonas
fluorescens have been proposed by Hoi et. al.2>3).
Thus it is revealed that the tertiary structures of
E3s are essentially the same even in the different
architecture between the two types. Such a
strong conservation of the structure may be the
fuctional restrain by the enzyme, although the
E3s are assembled into the different core
structures on complex formation. The structural
difference between the two types and the effect
on the reaction are important knowledge for
understanding the organization of this
multienzyme system, and for modifying it or for
designing new systems. Furthor refinements of
the structure are in progress.

Experimental
The E3 from yeast in the latter type was
crystallized by a desalting method. Newly
obtained crystals have a different form from the
previous ones analysed already at 4.5A
resolution", as they have the same space group,
but slightly different in cell parameters(a=97.1, b
=158.6, c=68.0A).
Diffraction data were
collected up to 2.98A(max. 2.49A, 65%
completeness) by a Weissenberg camera for
macro
molecular
crystallography
using
synchorotron radiation. The R ^ was 5.3-6.3%
and Rmergo w a s 6 . 4 % .

Results and discussion
The crystal structure was solved by the molecular
replacement method with glutathione reductase.
Three programs(X-PLOR, MERLOT, MOLREP)
gave a significant unique solution with
reasonable crystal packing, as shown in Fig.l.
The initial phases were improved by averaging
and flattening of electron density map(DENAF).
The atomic coordinates of the molecular model
constracted by FRODO were refined by XPLOR
with a constrain of non-crystallographic 2-fold
symmetry. The present R-factor is 22.6% at
2.49A resolution.
Although the molecular packing is different, the
molecular structure is almost the same as the
previous one. As for the complexes with 432

Fig. 1. A packing diagram of model molecules
in the unit cell, viewed down the c axis
Reference
1) A. Takenaka, K. Kizawa, T.Hata, S.Sato,
E. Misaka, C.Tamura, andY. sasada,
J.Biochem. 103, 1988, 463-469
2) A. Mattevi, A. J. Schierbeek and W. G. J.
Hoi, J.Mol.Biol.220, 1991, 975-994
3) A. Mattevi, G. Obmolova, K. H. Kalk, W.
J. H. van Berel and W. G. J. Hoi, J. Mol. Biol.
230, 1993, 1200-1215
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Introduction

dimeric molecules in their asymmetric unit from the
reasonable value of V...

3-Isopropylmalate dehydrogenase (IPMDH; EC
1.1.1.85) catalyzes a third reaction on leucine biosynthesis pathway. The enzyme of facultative thermophile Bacillus coagulans is composed of two identical subunits
[Mw=39,808 (366 amino acid residues)]. Although the
crystal structures of IPMDH from extreme thermophile
Thermus thermophilus and its chimeric enzyme with
Bacillus subtilus were reported1'2'31, the reaction mechanism is not yet established. Several IPMDHs of various
organizms living at different temperature have been
identified. The optimum temperature of B. coagulans
IPMDH is around 60 °C, which is lower than that of T.
thermophilus IPMDH (around 75 °C). To leam the thermostability rationally, it is necessary to compare the
three-dimensional structures between them. We have
been engaged in an x-ray analysis of B. coagulans
EPMDH.

The x-ray diffraction data of the form I were collected on imaging plates by the weissenberg method4' at
the BL-18B beam line of the photon factory (wavelength
1.00 A). 25 frames of diffraction patterns were independently processed by the program WEIS^ to assign indices and integrate intensities. The intensity data then were
scaled and merged by several programs in CCP4 suite.
50,159 reflections were observed, of which the 18,442
independent reflections were numbered with R-merge
of 0.073 and the completeness of 61.9 % within 3.0 A
resolution.
Molecular replacement (program AMoRe*0) was applied to solve the structure using the data of 30 to 3.5 A
resolution (completeness 77.9 %). The unique solution
was obtained by using dimeric polyalanine structure
constructed from T. thermophilus IPMDH as a probe
molecule. Closer examination by using a monomeric
polyalanine gave more precise orientation and position
which are essentially the same as but slightly different
from those of dimeric probe. The initial structure of
IPMDH thus obtained was refined to an R-factor of
0.419 by rigid-body approximation.

Experimental and Result
The gene coding for the B. coagulans IPMDH has
been cloned and expressed in Escherichia coli. After
sonication, heat treatment and polyethylene glycol fraction, the enzyme was highly purified with column chromatography in the order of Q-sepharose, hydroxylapatite and phenyl-5PW.

References

Several crystalline forms were obtained from surveying various conditions using hanging drop vapor diffusion method (Table 1). Among them, the form I,
which grew to a maximum size of 1.0 x 0.7 x 0.7 mm 3
during 6 months, was suitable for x-ray analysis, as the
asymmetric unit contained one dimeric molecule. The
other forms, n and in, were estimated to have 3 or 4
Table 1. Crystallization and crystal data
Form I
[Crystallization]
Protein cone.
lOmg/ml
Buffer
50mMTris/HCl
Precipitant
1.0MAS : 12% PEG
Additives
: 0.5MNaCl
pH

8

Temperature
[Crystal data]
Space Group
Cell constant

25 °C

1) K. Imada et. al, J. Mol. Biol, 222,725-738 (1991)
2) J. Hurley et. al., Structure, 2,1007-1016 (1994)
3) K. Onodera et. al., Protein Engineering, 7,453^159
(1994)
4) N. Sakabe,/. Appl. Cryst., 16, 542-547 (1983)
5) T. Higashi, J. Appl. Cryst., 22, 9-18 (1989)
6) J. Navaza, Acta Cryst., A50, 157-163 (1994)

Form II

Form III

lOmg/ml
50mMTris/HCl
2.0MAS
4%MPD

12.5mg/ml
20mM K-phosphate
1.8MAS

8

6.5

20,25 °C

4,25 °C

P3121
P2l2l2l
P2l2l2
a= 114.5 (A)
a=135(A)
a =135 (A)
b= 114.5 (A)
b = 241(A)
b = 241(A)
c = 194.4 (A)
c=115(A)
c = 122 (A)
AS : ammonium sulfate, PEG : polyetylene glycol 4000, MPD : 2-metyl-2,4-pentanediol
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Introduction
Recently, Iida et al. [1] reported that very weak
peaks were observed in the X-ray diffraction from the
thermally oxidized thin film on a Si(OOl) surface. They
claimed that these peaks were Bragg peaks originated
from small crystallites which coexisted with the amorphous phase having some epitaxial relationship with
the Si substrate. A pseudo-cristobalite structure was
proposed as a possible model, in which the atomic arrangement is similar to that of the cristobalite structure, while the unit cell is tetragonal so as to match
the lateral lattice spacing with that of the Si substrate.
Takahashi et al. [2] extended this study more precisely
in order to obtain definite information about the structure of the crystalline phase. The result is that the
crystallites locate not only at the interface between the
Si substrate and the amorphous layer, but also widely
in the amorphous layer, preserving the epitaxial relation with the substrate. The volume fraction of such
crystallites was estimated to be a few percent of the
whole volume of the amorphous layer.
In this report we show that similar Bragg peaks
were observed from the oxide layers on Si(lll) and
Si(llO) surfaces, indicating the existence of crystallites
having epitaxial relationship with the Si substrate.
Experiment
The samples were prepared by oxidizing Si wafers
at 950° C in a dry oxygen atmosphere. The surface of
the Si(lll) wafer was 4° tilted from the (111) towards
the (112). The thicknesses of the oxide layers were
860A and 760A for the Si(lll) and Si(110) wafers, respectively. The oscillation photographs were

GTR
extf&peak

taken by using the Weissenberg camera and Imaging
plate detectors at BL-18B in Photon Factory, KEK[3].
Results and Discussion
The diffraction patterns from the SiO2/Si(lll) and
SiO2/Si(110) samples are shown in Fig.l and Fig.2, respectively. The needle-shaped scatterings emanating
from the 111 Bragg points are crystal truncation rod
(CTR) scatterings, due to the abrupt truncation of the
crystal surfaces. In both figures spot-like scatterings,
denoted by 'extra peak', are observed at the lower angle side of the CTR scatterings. The positions of these
extra peaks are 0.42 0.42 0.51 and 0.45 0.45 1 of the
reciprocal space in Fig.l and Fig.2, respectively. It was
also found that the extra peaks disappeared when the
oxide layers were removed by HF treatments. These
features resemble very well to the obsevations of the
SiO2/Si(001) samples, indicating that the crystallites
exist also in the oxide layers on the Si(lll) and Si(110)
surfaces.
The authors thank to Prof. N.Sakabe of Tsukuba
University and Dr. N.Watanabe of Photon factory for
their kind help and to Prof. J.Harada of The University of Elector-communications for discussions and
encouragement.
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000

Fig.l Oscillation photograph around the 000 and 111
points in the reciprocal space for the SiO 2 /Si(lll) sample.
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Fig.2 Oscillation photograph around the 000 and 111
points in the reciprocal space for the SiO2/Si(110) sample.
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Introduction
Transition metal chalcogenides have
been studied extensively for their various
magnetic structures and physical properties. To
clarify the electronic states is important for the
essential
understanding
of
these
compounds. The spin-polarized photoemission
spectroscopy (SPPES) enables us to study spin
states of the magnetic materials directly. In the
present paper, we will report results on
Fe7S8 and Fe7Ses studied by SPPES. Both
compounds are itinerant ferrimagnets with
crystal structures of the metal deficient NiAstype [1]. The compounds attract interest for
their magnetism intermediate between
itinerant-electron and local-moment types.

, the binding energy at which the spinpolarization becomes negative (ER~0.2 eV) is
close to the Fermi level compared with FejSs
( £ B ~ 0 . 5 eV). It suggests the difference in the
exchange splitting in the Fe 3d bands related
with larger electronegativity of sulfur than that
of selenium. If we compare the spin
polarization spectrum with the band-structure
calculation [2] for Fe7Se8, we can see the
narrowing of Fe 3d band as in Ni metal.
Although an itinerant model is appropriate for
Fe7Se8 [2], electron correlation effects play an
important role for the electronic states of the
compounds.
References
[1] K. Adachi, J. Phys. Soc. Jpn. 16,2187 (1961)
[2] H. Ikeda, M. Shirai, N. Suzuki, and K. Motizuki, J.
Magn. Magn. Mater. 140-144 (1995) in press

Experimental
The SPPES measurements have been
performed at the "Revolver" undulator
beamline BL-19A of the Photon Factory,
National Laboratory for High Energy Physics.
The spin analyses were made with a 100 keV
Mott-detector. During the
SPPES
measurements, we magnetized the sample with
an external pulse magnetic field of ~1 T, which
is enough for the saturation magnetization. The
residual magnetization was ~20 % of the
saturation magnetization according to SQUID
measurements. The sample was mounted on a
He cryostat and cooled down to 35 K during
the measurements. The clean surface was
obtained by scraping in situ with a diamond
file. The vacuum of the analyzer chamber was
better than 3xl0" 10 Torr.
Results and Discussion
Figure 1 shows, the spin-polarization
spectra near the Fermi level with statistical
errors. At the photon energy of hv=65 eV, the
cross section of the Fe 3d bands are more than
10 times larger than the S 3p and Se Ap bands.
The figure shows negative spin polarization
near the Fermi level in both compounds.
Negative spin polarization indicates the
contribution from the Fe 3d minority band. For
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Fig. 1 Spin-polarization spectra with spin integrated
spectra (solid curves). The length of the bar in the spin
polarization spectrum indicates the statistical error.
Dashed lines represent smoothed spin polarization.
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Introduction
Photoionization of a molecule at which an electron is emitted from an inner-valence orbital has been
one of the important subjects of experimental and theoretical studies concerning electron correlation. Photoionization of N2 has been studied to substantiate the
electronic and vibrational structures or the potential
energy curves of N^" lying lower than ca. 25 eV originated from outer valence orbitals. However, those of
Nf lying higher than ca. 25 eV originated from orbitals
including inner-valence ones have not not been fully
understood. Since the dominant relaxation pathways
of highly-lying correlation states of ions may be their
bond dissociation, dissociation fragments can provide
a sensitive probe in the spectroscopy of these highlylying states.
Here we present a new experiment of measuring
the excitation function of highly-lying ionic states of
N2.1 This has been performed by the combined measurement of "a dissociation probe" with "a fluorescence probe" for observing the following dissociative
photoionization excitation (DIE) process
N2 + hv -» N j * + e~

-> N* + N+ + e~
•—»N + fti/ , (1)

Results and Discussion
Each of the fluorescence photon - photoion coincidence spectra obtained at the the photon energies
of 36.5 - 44.3 eV showed a broad spectrum with two
sharp peaks. The excitation spectrum of a coincidence
yield obtained in the present experiment is shown in
figure 1. Figure 1 shows the onset at the photon energy about 35 eV and increases gradually with increasing the photon energy. LanghofF et al.2 calculated the
partial photoionization cross section into highly-lying
ionic states of N2, i.e., C 2 E+, F 2 S+, G 2 S+, and
2a" 1 2 £$\ The present excitation spectrum of a coincidence yield in figure 1 shows similar behavior and
the threshold energy to the calculated partial-channel
photoionization cross section for 2a" 1 2 E+. This implies that the major origin of the sharp peaks as shown
in figure 1 is the 2a-"1 2 E+ state.
References
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Kouchi, Y. Hatano, T. Hayaishi, and K. Ito, J.
Phys. B. (1995), in press.
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Schirmer, L.S. Cederbaum, W. Domcke, and W.
von Niessen, Chem. Phys. 58 71 (1981).
:

as a result of the dissociation of highly-lying ions. A
coincidence technique is employed to discriminate the
fluorescence from neutral dissociation fragments.
Experiment
The experimental apparatus is consisted of a fluorescence photon detector and a time-of-flight (TOF)
mass spectrometer to detect photoions. Nitrogen was
fed through an effusive nozzle and intersected at the
right angle with dispersed SR in the extreme-uv region from a 3 m normal incidence monochromator at
the beam line BL-20A. Afluorescencephoton in the region of the wavelength of 105-180 nm emitted from N*
was detected by a microchannel plate (MCP) coated
with Csl behind a LiF window of 1 mm in thickness.
A fragment ion N + traveling through the drift tube
of a TOF spectrometer was detected by an MCP in
coincidence with a fluorescence-photon signal.
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Figure 1:
The excitation spectrum of a coincidence yield . Theoretical photoionization cross sections for
the 2<rJ1 3SJ" state are shown together;
, polarization
CI calculation and
, single-excitation CI calculation.2
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Industory,

mostly in the spectra registered at 90°.
The autoinizing states appearing above
30 eV are the doubly excited states of ^ n u
symmetry.

INTRODUCTION
Dissociative ionization process in H2 has
been
extensively
studied
both
experimentally and theoretically.
In the
energy
region
below
the
douby
ionization of H2 (threshold of H2+ + : 45
eV), three H2 + 2 £ g + ( l s C g ) , 2 E u + ( 2 p a u )
and 2 I l u ( 2 p 7 l u ) are well known as the
ionic states which produce H + through
the direct ionization

1. S. L. Guberman, J. Chem. Phys., 78, 1404
(1983).
2. K. Ito, P. Lablanquie, P. M. Guyon, and I.
Nenner, Chem. Phys. Lett., 151, 121 (1988).
3. J. Geddes, K. F. Dunn, N. Kouchi, M. A.
McDonald, V. Srigengan and C. J. Latimer, J.
Phys. B: 27, 2961 (1994).
4. J. L. Dehmer and D. Dill, Phys. Rev. A18,
164 (1978).

EXPERIMENTAL
The mesurements were carried out at the
BL20A equipped with a 3-m normal
incidence monochromator.
Molecular
hydrogen beam was perpendicularly
crossed with SR beam, and produced ions
were detected at 0° and 90° with respect
to the direction of SR polarization.
The
kinetic energy of protons was analyzed
with a parallel-plate type electrostatic
analyzer.
RESULTS AND DISCUSSION
Below the threshold for direct ionization
to H2 + 2pGu (=29 eV), autoionization via
the Qi ^Zu+ doubly excited state [1-3] is
the only process producing fast protons.
The kinetic energy spectra in this region
were observed to be strongly enhanced
at 0°, demonstrating that this process can
be explained in terms of the axial recoil
approximation.
The kinetic
energy
spectra of protons are shown for the
incident photon energy 32-40 eV in
Figure 1 for the observation angle of 0°
and 90°. With increasing photon energy,
the spectra are dominated by direct
ionization to the H2 + 2pO u and 2p7Cu
states and show a strong dependence on
angle [4] that reflects the angular
distribution of the photoelectrons. Above
30 eV, the contribution of autoionization
via the Qi and Q2 states can be seen
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Introduction
Molecular ionization in the vuv region is under a strong
control of resonance effect via superexcited states. The
resonanced assisted ionization is one of the most distinguished
interests. It is understood that studies on dissociative photoionization can provide the information on the partial photoion ization cross section as well as the potential structure of
ionic states. Previously we presented the partial photoionization cross section of O 2+ (B 2 £ g ~ ) by the analysis of
released kinetic energy of O + produced via

O J " ( C EU 3S <J S, V'=0, 1) superexcited states, which
gives rise to an "island" on 2D surface.
Two intense vertical structures in the region of A for
A < 50.5nm are ascribed to the dissociation of O 2 * ( c 4 S u " ,
v=0 and 1) into the O + ( 4 S)+O( 3 P) and the second limit of
O + ( " S)+O( ' D) releasing KE=1.9eV and 2.9eV respectively. 2> It should be noticed the clear enhancement of KE
~ 1.9eV peak (identical energy for c 4 £ u "-*2nd limit) at the
SR photon energy for O 2** (c 4 £ u~ n s f f i , v'=l). Nothing
is obtained at KE ~ 2.9eV (c " £ u " ^ 1st limit). This is the
evidence of the autoionization of O 2 * * ( c 4 £ u ~ n s C s ,
v'=l) in outgoing dissociating motion. 3>

- O + ( 4 S)+( 3 P).
which enabled to study the photoionization in the vicinity of
threshold for an upper ionic states. ' ' Based on this approach
we further examine the dissociative photoionization of O 2 in
the region of ionization photon wavelength A of 45-62nm or
the photon energy 20-27.5eV.

1
2
3
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Experiment
The experiment was performed using synchrotron radiation
(SR) from a 3m normal incidence monochromator equipped at
BL-20A. The monochromatic SR beam was transmitted
through O 2 gas in a cell. The ions emitted from the gas cell
were dispersed using a hemispherical energy analyser. A
dispersed image of the spectrum at the exit position of the
analyzer was obtained using a continuous resistive-anode type
position sensitive detector behind a microchannel plate. ° The
analyzer system was set at a pseude magic angle relative to
the longer axis of eliptically polarized SR to remove the
photoinization anisotropy.

02

O 2 *(c 4 -"»)
v'=0

Results and discussion
Figure 1 shows a gray scale plot of the ion yield spectrum as
a function of both ion kinetic energy (KE) in 0-3 eV and A
for 62< A <45nm (photon energy 20-27.5eV). In the region
of A >61.1nm a vertical structure at KE ~ OeV is observed
which corresponds to the parent ionization onto O 2+ (X II g ,
A 2 II u, a 2 II u, and b 4 £ t~ ) and the dissociation of O 2 +
(b 4 £ e~, v' ^ 4 ) . Energeitc ions due to the dissociation of
O 2 + ( B 2 £ « " , V ) into O + ( 4 S ) + O ( 3 P ) show up at the
ionization thresholds of O z* (B 2 £ g~, v'). Although,
because of the overlapping thermal distribution, the well
defined vibrational structure is not obtained in Fig. 1, yet the
greater KE ions are noticed by the expansion of the KE
spectral region at the vibronic thresholds of O 2* (B 2 £ g", v).
Depressed yields are obtained for smaller KE component (ie,
lower vibrational levels) around the window resonance due to

Ion Kinetic Energy (eV)
Fig. 1 Photion kinetic energy spectrum surface for O 2.
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Introduction
Neutral dissociation (ND) in competition with autoionization plays an important role among various decay channels of molecular superexcited states.1 Observations of ND by measuring undispersed vuv fluorescence excitation spectra (FES) of neutral fragments
have recently been reported.2"4 To obtain more detailed imformation on the ND of superexcited states,
we have measured the yield spectra of dispersed vuv
fluorescences from excited fragments as a function
of both excitation wavelength (Xex) and fluorescence
wavelength (A^;). The spectra are presented as a two
dimensional fluoresscence excitation spectrum (2DFES). This experiment is an extension of our previous
ones on simple diatomic molecules.5

spin N2O**(spin-allowed dissociation). Weaker fluorescence intensities due to the spin-forbidden dissociation
indicates the importance of the spin-orbit interaction
in predissociation. In the region of Aea;<60nm, broad
structures in each dispersed FES are due to multiply
excited neutral states converging onto ionic satellites.6
References
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C.E. Brion and K.H. Tan, Chem. Phys. 34
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Experiment
Synchrotron radiation from a 3m normal incidence
monochromator at BL-20A was intersected with N2O
gas in a cell and fluorescences from the gas were dispersed by a secondary monochromator equipped with a
12001ines/mm grating with a curvature radius of 20cm
at 64°. A dispersed image of a fluorescence spectrum
was obtained using a continuous resistive-anode type
position-sensitive detector behind a microchannel plate
coated with Csl.

Intensity

Results and discussion
Figure 1 shows an obtained 2D-FES. An undispersed FES is also presented. Ionization potentials for
some one-electron ionic states are indicated in the FES.
Diagonal structures in the 2D-FES are due to scattered primary light, which appear as higher components of the secondary monochromator. Each vertical
line structure corresponds to the partial fluorescence
yield of an excited 0 or N atom produced by dissociative excitation of N2O. A broad structure in the region of 67nm<Aex<85nm and 140nm<A/;<200nm is
due to the emission of ^(a 1 ^—•X 1 E S ). The simultaneous enhancement of fluorescence lines at certain
discrete Aex indicates the multistep predissociation of
well-defined vibrational N2O**. The 2D-FES can be
divided into two parts. In the region of Aex>60nm,
a strong intensity is observed with the threshold of
dissociation where fragment pairs can build up singlet-
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Figure 1 The 2D-FES. The intensity by a gray plot
increases from white to black exponentially.
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The results reported here are from the
first high-resolution triple-crystal diffraction experiments performed at the
Australian National Beamline Facility.
At the center of the ANBF is a multipurpose high-resolution two-axis vacuum
X-ray diffractometer. The Si (111) sample studied has been implanted with B +
ions of 100 keV energy through a onedimensional SiO2 strip pattern with a
5.83 ^m period and 4 ju m open region,
to produce a sample with a periodic
superstructure in the lateral direction.
The triple-crystal data were collected
in the form of two-dimensional intensity
maps in the vicinity of the 111 Bragg
peak. Results collected both in air
and vacuum are compared, and a comparison is made between results with
and without the oxide layer. The data
collected in vacuum indicate that it is
possible to measure lattice distortions
perpendicular to the surface with a 50
A depth resolution at the ANBF [1]. The
periodic superstructure produced wellresolved 11 satellite reflections on both

sides of the Bragg peak from the oxideremoved sample, each associated with a
crystal truncation rod. The CTR data
were analyzed using the PetrashenChukhovskii algorithm which retrieved
phase information for the Bragg wave.
The solutions were Fourier synthesized
to map out 2D lattice distortions in a
near-surface layer of the sample with
spatial resolutions of 0.016 and 0.265
jam in the depth and lateral directions
respectively. The 2D distributions of
deposited B+ ions are clearly displayed.
Equally plausible maps have been obtained for this sample by determining
the relative phases of the satellites
with the sequential trial method and
the minimum-energy method [2].
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Introduction
The
experiment
evaluated
the
performance of BIGDIFF as a materials
processing research tool when used with
capillary samples and imaging plate
detection.
Measurement
of the
instrument angular resolution function
with a NIST-660 LaBg powder, using a
S i ( l l l ) channel cut monochromator and
wavelength close to that of CuKa, has
shown that the performance is excellent
for data collection times in the vicinity
of 5-15 minutes. BIGDIFF data were also
collected for an alumina-matrix ceramic
material
to
compare
instrument
performance with that achieved using a
laboratory
x-ray
Bragg-Brentano
diffractometer.
This comparison has
indicated
the excellent
definition
obtained for low concentration phases
with BIGDIFF.

where
<j>y (vertical
divergence of
incident
beam)
= 0.0036° and S
(diffracted beam divergence) = 0.040°.
The FWHM values are excellent in terms
of characterising low concentration
phases.
An evaluation was conducted with an
alumina-matrix ceramic processed by
reaction-sintering a mix of 88% zircon
(ZrSiO4), 10% alumina ((X-AI2O3) and 2%
MgO which is of particular interest in
view of the complexity of prospective
phases which may develop in the
material.
The material was readily
characterised by SR which indicated the
phases (X-AI2O3, t- and rn-ZrO2 and
MgO.Al2O3 (spinel) whereas tee results
from laboratory x-rays were equivocal.
0.12

Experimental
The BIGDIFF instrument has been
described by Foran et al (1994). Data for
this experiment were collected as
follows- wavelength 1.5378 A, DebyeScherrer geometry, capillary diameter =
0.3mm, Fuji BAS 2000 imaging plates
scanned for a strip 8 mm wide centred
on the equatorial
plane of the
instrument, recording time 15 minutes.

r
a

0.00

70
2OC)

Fig. 1. Angular resolution of BIGDIFF
measured with NIST LaB6 capillary
specimen. Continuous line is the FWHM
function described in the text.

Results and Discussion
A plot of FWHM versus 26 for the LaBg
data,
using
the
pseudo-Voigt
approximation for peak shape (Fig. 1.)
was described reasonably well with the
function proposed by Cox et al (1988),
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Introduction
The techniques of XAFS and XANES have been
widely used to probe the local environment of
absorbing atoms in materials. Interpretation of the
absorption data (which is related to f") can yield
information about the environment surrounding
the absorbing atoms [1]. Similar information can
also be obtained by measuring the intensity of
fluorescent radiation emitted by the specimen.

energy, 40 eV below the zinc K-edge. The cassette
was then moved, and the photon energy was
scanned from -40 to +300 eV relative to the edge.
The variation in intensity of the background due to
Fluorescent XAFS. From the line positions the
crystal structure can be determined using
conventional powder diffraction techniques. By
finding the variation of integrated intensities of
different diffraction lines it is possible to deduce
the site symmetry around the zinc atoms. This is
not possible using conventional XAFS techniques.

Creagh [2,3] has shown that the variations in f"
due to XAFS are carried through to the real part
f, and therefore into the structure factor F n ki.
The measured intensities contain information concerning the local environments of the absorbing
atom. Moreover, because different atomic sites
may appear in the expression for Fhkl w i t h
different weightings it is possible to determine the
environments for each site [4].

Preliminary analysis for bzs confirms that its
structure is triclinic (a = 8 . 3 5 1 ; b = 8.350;
c = 11.003; a = 94.40; p = 83.01; y= 119.96) and
there are two distinct Zn sites. For bzt the structure
has not yet been determined but the DAFS data
seems to indicate that the environments of the zinc
atoms in the structure are similar.

In our experiment the basic zinc sulphate (bzs has
a known structure, in which the zinc atoms have
different local environments, whereas the structure
and the environments for the zinc atoms in zinc
toluene sulphonate (bzt) are not known. We have
used use the DAFS technique to determine the zinc
environments and to solve the structure for both
bzs and bzt.

The ability of BIGDIFF to be used for DAFS
experiments has been confirmed.

Experiment
The diffractometer (BIGDIFF) at BL20B was used
to undertake the DAFS experiments. BIGDIFF is
essentially a Debye-Scherrer camera using
imaging plates to record the scattered intensities.
A Weissenberg screen, Fitted in front of the
imaging plates, is scanned across the plates in
synchronism with the rotation of the primary
beamline monochromator. Thus the position of a
line on the screen is related to the incident photon
energy and F'hkl- As well, the intensities of the
Bragg-scattered lines are modulated differently
from the background, which is caused by
Fluorescent XAFS. The imaging plate carries both
DAFS and conventional Fluorescent XAFS data.
Results and Discussion
Figure 1 shows an xrd pattern recorded on an
imaging plate in one hour during single bunch
mode. The top trace was taken with fixed photon
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height correlation is assumed to be described by

Introduction
We demonstrated in the previous report
[1J that the r.m.s. roughness of the 3 20 A range can be evaluated for polished
silicon surfaces from X-ray specular reflection data collected at a synchrotron
source. The samples investigated, A, B,
C and D, were prepared on Si(100) wafers
using similar but different mechanochemical polish procedures. Reflection profiles
with markedly different decay features
were observed from the samples, which
were well fit by Parratt's formula including a damping factor exp(-g^<y 2)
where o~ is the r.m.s. roughness, o" r e presents the average deviation of local
surface heights from a mean surface
characterizing the vertical roughness.
To provide information on the in-plane
structure of the roughness, non-specular
X-ray reflections are investigated here.

C{x,y) = <S2 exp[-(r/£) 2 / > ]
where r = (x2 + y2)1^2, £ is the correlation length and h the fractal index. Fits
of diffuse profiles in a few sets of data
collected at different 26 values consistently produced £ = 1.5~1.7 fim and
h = 0.5 for sample A, and .£ = 1.5~1.8
ju.m and h - 0.3 for sample B. The much
greater £ values (6.0 and 6.7 /j.m for A
and B) obtained from 1-mm scan traces
of a stylus profilometer show long-range
surface waviness to which X-ray scattering may be insensitive. Data analysis is
under way for samples C and D.

Experimental
The experiments used evacuated "BIGDIFF"
at the BL20B station to reduce air scatter [2]. Each sample was w -scanned for
fixed positions of a slit mounted on the
26 arm to define the angular resolution
of the set-up at 0.3 mrad for 1.54 A Xrays. The scans varied qy for constant
qz values in reciprocal space. Data were
collected for scattering angles 2 6?/2(9c =
7.7 ~17.9 where 6 c is the critical angle
for total external reflection of silicon
crystal (= 3.9 mrad). Samples A, B, C
and D showed quite different levels of
diffuse intensities between the specular
peak at qy= 0 and Ycneda wings at the
both ends of the profiles (Fig. 1). Samples C and D with highly finished surfaces, hence the smallest ff values, produced very weak diffuse scattering with
sharp, resolution-limited specular peaks.
In-plane roughness structures
Our data analysis uses a scattering theory based on the Born approximation for
self-affine surfaces [3]. The height-

References
[1] M. Nakanishi, 0. Sakata, H. Hashizume
et ah: Photon Factory Act. Rep. 11,
316 (1993).
[2] A.Yu. Nikulin, A.W. Stevenson et ah:
J. Appl. Cryst. 28, 57 (1995).
[3] S.K Sinha, E.B. Sirota, A. Gibaud et
al.: Phys. Rev. B38, 2297 (1988).
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Fig. 1. w-scan profile from sample A at
26 /26 c =9.4. A specular peak is at the
center and Yoneda wings are on the
edges.
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Introduction
Biological Auger Effects have been found in cells with
Br-DNA when they are exposed to soft X-rays with
energies above and below the K-absorption edge of Br.1)
The biological Auger effects were sometimes correlated to
enhanced DNA damage such as single- or double-strand
break. Free radicals induced in DNA are regarded as
precursors of base damage and strand breaks.2) Therefore,
it is of interest to examine whether the Auger Effects are
also reflected in the yield of free radicals in Br-substituted
DNA when they are exposed to soft X-rays with energy
corresponding to the K-absorption edge of Br. In the
present study 5-bromo-2'-deoxyuridine and 2'-deoxythymidine complexes (BrdU'dThd) were employed as Brsubstituted DNA models, and the yields of free radicals
were measured by ESR after irradiating them in the solid
state with soft X-rays having energies above and below
the K-absorption edge of Br.
Materials and methods
Solid complexes between BrdU and dThd were prepared
by dissolving them in aqueous solutions with adequate
weight ratios (BrdU/BrdU»dThd; 0, 0.1, 0.2, 0.4, 0.6, 0.8,
1.0) and dehydrating by centrifugal evaporation. About 50
mg of powder was enclosed in polyethylene tube suitable
for the beam size of X-rays from the synchrotron under 1
atmospheric pressure of Ar and exposed to soft X-rays.
Synchrotron radiation at the Photon Factory of the
National Laboratory for High Energy Physics was used as
a source of soft X-rays. Monochromatic X-rays at 13.45
and 13.52 keVs corresponding to below and above the Kabsorption edge, respectively, were obtained using a
channel-cut silicon crystal. The exposure dose was
measured by a free-ionizing chamber.
The absolute numbers of free radicals induced in the
complexes by irradiation were measured by ESR
spectrometry.
Photon mass attenuation (fVo) and energy absorption
(Hen/o) coefficients of BrdU and dThd for soft X-rays at
13.45 and 13.52 keV were first determined by these values
of elements (H,C, N , O and Br) according to the data of
Hubbell3) and calculated by adding the coefficients of
elements in each compound with suitable weighting.
Photon fluences per roentgen (photons/cm2R) and energy
fluences per roentgen (erg/cm2R) were obtained by
86.9/V/e) air /1.6xlO-<Vhv(MeV) and 86.9/(n en /e) air ,
respectively.
Yields of free radicals per photon fluence was obtained
by assuming that free radicals induced in the powder
within the mean free path (1/fi) of photons contributed to
actual ESR signal intensities and converting them to the

number of free radicals induced per gram, roentgen and
photon fluence. Yields of free radicals per energy absorption
was obtained by assuming that photon fluence exponentially decreased with increasing powder depth and, therefore,
calculating total energy absorbed by integrating the photon
fluence over the whole powder and multiplying it by the
photon energy and energy absorption coefficients. Finally,
ESR signal intensities were converted to the number of
radicals induced per gram, roentgen and absorbed energy.
Results and discussion
Figs.l shows the plots of number of free radicals per
photon fluence at 13.45,13.52 (soft X-rays) and 1250 keVs
(6°Co 7-rays) against BrdU content in BrdU'dThd complex.
The higher the content of BrdU the more radicals were
produced at 13.45 and 13.52 keVs. The values obtained
from 80% BrdU were 25-50 times those of pure dThd at
both energies. The value at 13.52 keV was 3 times that at
13.45 keV in the 80% complex. Fig.2 shows the plots of
number of free radicals per absorbed energy at 13.45,13.52
and 1250 keVs. The values obtained from 80% BrdU were
5-14 times those of pure dThd at both energies. The yield
of the 80% complex at 13.52 keV was twice that at 13.45
keV. The presence of Br resulted in a marked increase of
radical yields compared with those in the absence of Br at
the energy above K-edge and a more gentle increase was
observed at the energy below K-edge. A negligible increase
due to Br was observed in the case of 7 irradiation. The
results suggested that Br enhanced the efficiency of radical
formation at both energies near K-edge, probably due to
Auger effects. However, Auger processes seemed to
participate in the radical formation with higher efficiency at
13.52 keV than at 13.45 keV. The difference in the yields
between 13.45 and 13.52 keVs was small in the complexes
with less than 40%, indicating that substitution of BrdU
with relatively high level was required for the actual DNA.
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1) K. Shiohara et al. J., Radiat. Res. 26, 334 (1985).
2) M. Kuwabara et al., Biochemistry 32,10599 (1993).
3) J. H. Hubbell, Int. J. Appl. Radiat. Isot. 33, 1269
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Energy Physics
(2) In the CTAB micellar aqueous solutions
(Figs.3-5), TMP-NO signal (°) and DMPO-OH
signal (x) were observed separately. The main
products of DMPO-OH was not dependent on
the presence of BrdU, because CTAB was
contained of Br-ion.
In conclusion, center carbon radical was
observed in melanoma cell suspension by the
BrdU-radiosensitization with monochromatic Xrays (0.918A).

Introduction
A thymidine analogue of bromodeoxyuridine
(BrdU) had been used as a radiosensitizer. The
mechanisms of radiosensitization in BrdUsubstituted cells were reported by Webb, et al.1^
and Ling, et al. 2) . But, these data did not
support the hypothesis that a component of the
enhanced radiosensitivity of BrdU-substituted
cells results from greater interaction between
hydroxyl radicals (from H2O2) and BrdUsubstituted DNA. The process of the DNA
damages from an hydrated electron is unclear.
Then, we examined the detection of the active
oxygen species using a spin trapping agent by
ESR measurement in aqueous solution contained
a cationic surfactant, cetyltrimethyl ammonium
bromide (CTAB), BrdU or a human melanoma
cultivated (HMF) cells.
Experimental and Methods
(l)Human melanoma (HMF) cells were
treated with lOug/ml of BrdU for 6 hr before
harvesting. (2) HMF cells were washed with
medium RPMI1640 and were added a spin
trapping agents (TMP=2,2,6,6-tetramethyl
piperidone hydrochroride; DMPO=5,5-dimethyl1-pyrroline N-oxide) before irradiation with
different wavelength (0.918A, 0.922A). (3)10
and O.lmM CTAB aqueous solutions contained
with spin trapping agents were irradiated with
different wavelength (Dose=30kR). (4) The
irradiated samples were stoked at 77K and were
measured by ESR (JEOL, RE3XR type) after
thawing of the samples.

V
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Results
(1) In HMF cell suspension (Figs. 1,2), the
radiosensitization of BrdU by X-ray (0.918A,
30kR) was observed as a presence of DMPO-C
signal (.) besides DMPO-OH signal (x). This Ccenter radical should be produced from the
membrane lipid free radicals of the HMF cells.

References
1) C. Webb, et al., Int. J. Radiat. Biol. 64,
695(1993).
2) L. Ling and J. Ward, Radiat. Res., ]21, 76
(1990).
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Introduction
Decay processes of the resonantly-excited states is
very important not only for unraveling the mechanism
of photodissociation or photon-induced desorption of
gaseous molecules. Recent investigations showed that
deep core holes mostly decay via the spectator Auger
transitions.
In this work we focus our attention on
the cascade Auger transitions in M0S2 and SiC14 followed by those processes.

high energy s a t e l l i t e l i k e t h e ^2, 3VV(2) Auger l i n e s
has been e x t e n s i v e l y d i s c u s s e d and a t t r i b u t e d t o t h e
d o u b l e i o n i z a t i o n . 1) T h e s i g n a l s o f t h e h i g h e r
energy s i d e in t h e p r e s e n t work a r e w e l l - r e s o l v e d than
those in t h e p r e v i o u s works a n d a r e a s s i g n e d a s t h e
double i o n i z a t i o n s a t e l l i t e s o r i g i n a t i n g from t h e c a s c a d e A u g e r t r a n s i t i o n s s u c h a s K L i L 2 3 ~~*
<L1L-2, 3 V ) L 2 , 3 "* ( L 2 , 3 V V / V ) L 2 , 3 a n d K L 2 , 3 L 2 3 ~*
(L2,3VV)L 2 ,3.

The satellite intensity was analyzed for the
S(L2i3VV) Auger line in MoS2- The observed satellite
was found to be one third as intense as that expected.
The satellite intensity was analyzed for the
S(L2,3VV) Auger line in M0S2. The observed satellite
was found to be one third as intense as that expected.
The discrepancy between the calculated and experimental ratios is probably due to very fast relaxation of
the double core-hole states in condensed phase.

Experimental
Molybdenite foil of 10 mm in diameter was used for
M0S2 sample.
For SiCI4 sample, high-purity solution
was degassed and adsorbed on Cu(110) clean surface at
90 K through a microchannel-plate gas doser. The number of layers of the multi-layered sample was estimated to be about 1200. The electron spectra were
taken by the use of a hemispherical electron energy
analyzer. The total energy(photon + electron analyzer)
resolution for the most spectra was estimated to be
better than 1.3 eV for the S(KL2,3L2, 3^ Auger
electrons(~2115 eV) and 1.5 eV for the CICKL2, 3L2, 3)
Auger electrons(~2380 eV), respectively.

Reference
1) J. C. Fuggle, J. Phys. F: Metal. Phys. 7, L81 (1977).
-1-

Results and discussion
Strengths of the decay channels to various Auger transitions determined are displayed in Fig. 1 as a function of the photon energy.
It is clearly seen that
both the L2 i 3VV(l) and L2, 3VVC2) Auger lines are
greatly enhanced at the Sis absorption edge. Figures
2 and 3 show spectral evolutions of the S(L2,3VV)
Auger energy region of M0S2 and the Ci (L2, 3VV) Auger
energy region of SiC14, respectively.
Origin of the
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Fig. 1 Decay channels to various
Auger transitions at the Sis absorption edge.

Fig. 2 Evolutions of the S(L2 3VV)
Auger electron spectra for M0S2
and the C K L ^ V V ) Auger electron
spectra for SiCl4.
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SPECTATOR AUGER DECAY OF S Is HOLE STATES IN IONIC SULFUR COMPOUNDS
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Introduction
The decay process of the resonantly-excited deep core
holes has not been completely understood, though much
attention has been directed to the Auger decay of the
outer core holes.
Recently we have reported that the
spectator Auger lines in silicon compounds, niobium
compounds and molybdenum compounds are separated and
shift towards the higher electron energies almost in
proportion to the exciting photon energies. D
In
this work, Auger decays after the resonant S i s — * 3p*
excitation were studied for sulfur containing compounds.
Experimental
The electron spectra were taken by the use of a
hemispherical electron-energy analyzer based on the Au
•4f7/2 line of metallic Au at 84.0 eV. In order to
minimize the effects of charging on the peak width and
spectral drift, the surfaces of the insulating samples
were exposed to very low-energy electrons. Other
details are given elsewhere. D
Results and discussions
Figure 1 shows the XANES spectra around the S Is
absorption edge. Figures 2 shows the photon energy(h
v) dependences of the KL£, 3L2, 3 Auger electron
spectra of Li2SO,j where the spectator Auger structure
slowly disappears when hv is beyond the peak maximum
of the XANES spectra. The spectator Auger line shifts

with increasing hv almost in the entire energy region
of the XANES peak.
Furthermore the peak splitting
between the spectator and normal Auger lines becomes
clearer.
Splitting into the spectator and normal
Auger lines in L12SO4 suggests that the resonantly excited 3p* deeply merges into the continuum.
A
similar general trend was observed for S, KSCN, and
Na 2 S0 3 as well.
The spectator shift energies observed are summarized in Table 1.
From this table two interesting
features are drawn.
First, the amount of the energy
is independent of the element itself but dependent on
the substance containing it. Secondly, the energies
for the insulators are larger than those for the
semimetallic samples. The phenomena are interpreted
in terms of the Auger resonant Raman scattering and
bandlike structures of the unoccupied states in the
insulating sol ids.

Reference
1) T. A. Sasaki, Y. Baba, K. Yoshii e t a l , Phys. Rev.
B49, 709 ; B5JL, 1 5 5 1 9 ( 1 9 9 4 ) ; S u r f . S c i . 3 0 7 - i
896(1994) ; J. Phys. Condens. Matter, 7, 463(199^).
Table 1. Threshold energies for the normal Auger
t r a n s i t i o n s and s p e c t a t o r Auger s h i f t e n e r g i e s .
Compound

ZnS
MoS 2
PbS
S
KSCN

Sis — 3p*

Na 2 S0 3
Li 2 SO 4

Shift energy(eV)

2473
2472
2472

< 2

4.5
< 2

2472

12

2473
2478
2482

6.5
10
9.5

2110

2500
2480
2490
Photon energy teV)
XANES spectra at the S Is absorption edge.
2470

Fig.

Eth (eV)

2120

Electron energy(eV)
Fig. 2 K L 2 3 L 2 | 3 Auger electron spectra for Li2SO,].
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Introduction
The escape depth of photoelectron is depended
on the kinetic energy of electron0. In the present
study, SR-X-ray beam (1.9~4.6 keV) was
irradiated to the SiC>2 thin film on the Si or the
C>2+-ion implanted Si surface, in order to obtain
the Si Is photoelectron which has various kinetic
energy. From the relationship between the
kinetic energy of photoelectron and the Si/SiO2
ratio, which is observed from the Si Is XPS
spectra, the thickness of the oxide film has been
estimated.
Experimental
The experiments were performed at the BL27A station. The sample used was 99.9999 at.%
Si(100) single crystal. It was oxidized in the air
at 300°C for 15 min and 700°C for 30 min. Oa+ion irradiated sample (10 keV, 3.6 x 10"
ions/cm2) was also used. The XPS spectra were
measured with a VSW Class-100 employing a
hemispherical electron energy analyzer fitted in
ARIES-50 spectrometer.
Results and discussion
Fig. 1 shows the sequential change of the Si Is
XPS spectra for the 30 min oxidized specimen
as a function of the photon energy. In a
spectrum taken at 1915.68 eV photon energy,
only one peak is observed, which can be
assigned as the SiO?. On the other hand, the
peak of elemental Si is appeared in the spectrum
at 2195.44 eV. The peak intensity of elemental
Si increased gradually with the photon energy.

Fig. 2 shows the Si/SiOz ratio which is obtained
from the peak intensity of XPS, as a function of
the kinetic energy of Si Is photoelectron. The
ratio increased monotonically with the kinetic
energy of photoelectron. This result shows that
the Si substrate is observed since the escape
depth of photoelectron becomes larger with the
increase of its kinetic energy.
From the
relationship between the kinetic energy and
escape depth2', the thickness of the oxide film
can be estimated as 3.2 nm for the 700°C, 30
min oxidized specimen.
References
1) S. Tanuma, C.J. Powell and D.R. Penn, Surf.
Interf. Anal. 11, 577 (1988).
2) K. Hirokawa and M. Oku, Talanta 26, 855
(1979).
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Fig. 1 Sequential change of XPS spectra
as a function of photon energy.

Fig. 2 Relationship between Si/SiO2 ratio
and kinetic energy of photoelectron.
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Introduction
Polarization of synchrotron radiation is
widely used for the determination of geometrical
structure of adsorbed molecules. T h e method
referred to as near-edge X-ray absorption fine
structure (NEXAFS) is mainly based on the variation of absorption intensity from core to valence
unoccupied orbital by changing the angle between
electric vector of synchrotron beam and solid
surface. Therefore, most of the NEXAFS work to
date has dealt with adsorbed molecules having p~
derived unoccupied orbitals in different directions, i.e. a * and K * orbitals. In this
report, we present examples in which we c a n
simultaneously determine the orientations of two
different molecular axes in a molecule which has
only a bonds.
Experimental
The e x p e r i m e n t s were performed a t t h e BL-27A
station.
The h i g h - p u r i t y s o l u t i o n
of
Si CCH3)n c • 4-n ( 0 ^ n ^ 4 ) m o l e c u l e s were degassed
and dosed on t h e Cu(llO) s u b s t r a t e a t 90 K. The
t h i c k n e s s of t h e l a y e r was d e t e r m i n e d to be 600 L
by the t e m p e r a t u r e - p r o g r a m m e d d e s o r p t i o n (TPD)
measurement.
The NEXAFS was measured by t h e p a r t i a l e l e c t r o n y i e l d (PEY) mode.
The k i n e t i c
e n e r g i e s of t h e e l e c t r o n were c e n t e r e d a r o u n d
1500 eV f o r Si K-edge and 2040 eV f o r Cl K-edge,
b o t h of which a r e s l i g h t l y lower than t h o s e of
the r e s p e c t i v e KLL Auger e l e c t r o n s .

r e s o n a n c e peak c o r r e s p o n d i n g to t h e r e s o n a n t e x c i t a t i o n from S i l s t o c r * ( t 2 ) o r b i t a l i s o b s e r v e d
below t h e i o n i z a t i o n t h r e s h o l d .
For compounds
containing both c h l o r i n e and methyl groups
( n = l , 2 , 3 ) , two r e s o n a n c e p e a k s a r e s e e n .
The
l o w e r - e n e r g y p e a k s ( p e a k s A) a r e a t t r i b u t e d t o
the e x c i t a t i o n from S i l s t o a * ( t 2 )
orbital
around t h e S i - C l bond, w h i l e t h e h i g h e r - e n e r g y
p e a k s ( p e a k s B) a r e a s s i g n e d t o t h a t a r o u n d t h e
S i - C bond.
T h e p o l a r i z a t i o n d e p e n d e n c e o f t h e NEXAFS
s p e c t r a for Si(CH3)3C] i s d i s p l a y e d in f i g . 2 .
Peak A a l m o s t d i s a p p e a r s f o r t h e 7° i n c i d e n c e in
which t h e e l e c t r i c v e c t o r i s n e a r l y p e r p e n d i c u l a r
to t h e s u r f a c e .
At t h i s i n c i d e n c e a n g l e , t h e
e l e c t r o n s from t h e S i I s o r b i t a l c a n n o t b e e x c i t e d i n t o t h e a* o r b i t a l w h i c h i s p a r a l l e l t o
the surface.
This s u g g e s t s t h a t t h e Si-Cl a x i s
of t h e S i ( C H 3 ) 3 C l m o l e c u l e i s n e a r l y p a r a l l e l t o
the surface.
Comparison with the t h e o r e t i c a l
r e l a t i o n b e t w e e n r e l a t i v e peak i n t e n s i t y and
3 c o s 2 # - l v a l u e d revealed that the average polar
a n g l e of t h e S i - C l a n d S i - C b o n d s a r e 9 0 ± 5 ° a n d
43±5° , respectively2).
F o r S i CCH3)C1 3 a n d
S i ( C H 3 ) 2 C l 2 . p o l a r i z a t i o n d e p e n d e n c e s of t h e
r e s o n a n c e peak i n t e n s i t i e s a r e n o t c l e a r , w h i c h
suggests that these molecules a r e randomly
o r i e n t e d in c o n d e n s e d l a y e r .

References
1) J.Stb'hr, NEXAFS Spectroscopy (Springer, 1992),
p284.
2) Y.Baba, K.Yoshii, H.Yamamoto and T.A.Sasaki,
J.Phys. :Condens. Matter 7, (1995) in press.

Results and discussion
F i g . 1 shows t h e p a r t i a l e l e c t r o n y i e l d s around
t h e S i K - e d g e a s a f u n c t i o n of p h o t o n e n e r g y
(NEXAFS s p e c t r a ) f o r f i v e k i n d s of S i ( C H 3 > n C l 4 - n
molecule.
F o r S i C14 o r S i CC H 3 ) 4 , o n l y o n e

Si (CH,), Cl/Cu (110)

Multi

layer

Fig. 1
Si K-edge NEXAFS s p e c t r a
for a Si(CH 3 ) n Cl4- n
multilayer.

Fig. 2
P o l a r i z a t i o n dependence of
Si K-edge NEXAFS s p e c t r a
for a Si(CH3)3Cl m u l t i l a y e r .
The 6 -value for each
spectrum r e p r e s e n t s the
angle between incident
photon beam and surface
viewed from the top.
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Introduction
Desorption of specific species from adsorbed
molecules after photoexcitat ion is one of the
fascinating topics in the surface science. In
order to desorb specific species composed of
plural atoms, core excitation is superior to the
valence excitation, because the energy of the
core orbital is inherent to the atom and we can
excite the specific atom by tuning the energy of
the synchrotron beam. Most of the work about
photon stimulated desorption (PSD) by core excitation has employed photons in VUV region (<1
keV). We consider that deep-core excitation
using photons in X-ray region (>1 keV) is in some
case suitable for the selective excitation because the energy separation of the core orbital
becomes larger in deep core region. Here we
report the photon stimulated ion desorption from
condensed layer of SiCL4 following the deep-core
excitation (Si and Cl K-edges).

It has been revealed that the C13p* component
in 8aj orbital is higher than that in 9t2 orbital. Considering that the bonding orbitals of
the Si-Cl bond are mostly composed of the C13p
orbital, the existence of an electron in antibonding C13p* orbital would reduce the binding
energy of the Si-Cl bond. This fact makes the
fragmentation of the Si-Cl bond easy compared
with the Clls-»CT*(9t2).
1) Y. Baba, K.Yoshii, H. Yamamoto and T.A.Sasaki,
J.Phys. :Condens. Matter 7 (1995) in press.
2) H. Ishikawa, et al., J. Chem. Phys. 94 (1991)
6740.
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Experimental
The experiments were performed at the BL-27A
station. The high-purity solution of SiC14 was
degassed and dosed on the Pt(lll) substrate at 85
K. The thickness of the layer was determined to
be 600 L by the temperature-programmed desorption
(TPD) measurement. The XANES was measured by
both total electron yield (TEY) and partial
electron yield (PEY) modes. The desorbed ions
were measured by a quadrupole mass spectrometer
without energy filter operating in pulse-conuting
mode. The incident angle between photon beam and
the surface was 7° and the takeoff angle of the
desorbed ions was 83°
Results and discussion
Figs.l(a) and l(b) show the mass spectra of
desorbed ions from condensed S1C14 after Si Is—• cr
* and C 1 1 S - * C T * resonance excitations. For the
Sils excitation,
not only molecular ions (SiCl + ,
SiC13 + ) but atomic ions (Si + , C l + ) are observed
almost in comparable intensity, while
more than
80 % of the desorbed species are Cl + ions for the
Cl Is excitation.
Fig.2 displays the total electron and Cl+
desorption yields as a function of the photon
energy around the Cl K-edge. Two peaks (A and B)
originating from the CIls-»a* resonances are observed in the electron yield spectrum, which are
attributed to the Clls(lt 2 ) — 8 a j and CllsClaj)—»
912 excitations, respectively. It+is remarkable
that the desorption yield of C l ions at the
photon energy of the peak A is higher than that
of the peak B. We consider that this difference
is attributed to the nature of the a * orbital as
fol lows.
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Kenji Yoshii, Yuji Baba and Teikichi A. Sasaki
Advanced Science Research Center, Japan Atonic Energy Research Institute,
Tokai-mura, Naka-gun, Ibaraki-ken 319-11, Japan

Introduction
It is well known that the Auger decay processes
folowing an inner-shell resonant excitation are different from those after an ionization, bacause of the
excited electon remaining in unoccupied orbitals.
Very recently we have reported that in several kinds
of compounds the spectator Auger lines are separated
from the normal Auger ones and shift linearly with
incident photon energies[l]. In the present work, we
studied the P(KLL) spectator Auger processes in
several solid phosphorus compounds.
Experimental
The experiments were carried out at BL-27A station. The electron spectra were measured by the use
of a VSW hemispherical electron-energy analyzer based
on the assumption that the binding energy of Au4f7/2
line of metallic Au is 84.0 eV. To avoid the peak
shift caused by surface charge, very low energy
elecrtrons were flooded on the samples during the
measurements.
Other details were given elsewhere[l].

merges deeply into the cotntinuum. Figure 2 shows the
E]{' s of the spectator and the normal Auger peaks as
functions of incident photon energies. Both the peak
splitting and the linear E^ shift of the spectator
peak are easily noticed. Similar results were obtained for insulating Na2HPO3 and 033^04)2Figure 3 shows the same plot for semiconducting
GaP as Fig. 2. At a glance, it is seen that in this
case the Auger peak splitting does not happen,
whereas the spectator Auger peak shifts linearly with
h v.
The Auger peak splitting which have been observed
for both insulating and semiconducting substances are
interpreted in terms of the Auger resonant Raman effect. Furthermore the Auger peak splitting which have
been observed only for insulatiors can be explained
in connection with the formation of core exciton because of very weak core-hole screening by conduction
electrons.
References
[1]T. A. Sasaki, Y. Baba, K. Yoshi i and H. Yamamoto, J. Phys.:
Condens. Matter. 7. 463(1995) and references therein.

Results and discussion
Figure 1 shows P(KL,2 3L2 3) resonant Auger spectra
of Na2HPO4 near the Pis'absorption edge. It is
clearly seen that the KL2# 3L2, 3 A u 8 e r peaks are split
into the peaks A and B.' The spectator Auger peak A
shifts with increasing incident photon energy (hi>),
while the kinertic energy (V\) of the normal Auger
peak B is almost constant. The peak splitting suggests that localized component of unoccupied orbitals
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the S-C bond direction of the multi-layered CS 2 is 62°
and almost all of the mono-layered CS2 molecularly
adsorb on Cu(100).
2)S(KLL) spectator Auger processes
(a)Multi-layered CS2 and n-C3H7SH
In the vicinity of Sis edges. S<KL2r 3^2,3) Auger
peak split into normal and spectator Auger 'peaks and
the latter shift almost linearly with incident photon
energy (hi/) (Fig. 1 and 2).
(b)Mono-layered CS2
S ( K L 2 , 3 L 2 J 3 ) Auger peak shitfs almost linearly with
h v . However, the Auger peak splitting is not obExperimental
The experiments were carried out at BL-27A sta- served (Fig. 2).
tion. Research grade CS2 and n ^ H y S H were degassed
The results (a) and (b) can be explained in terms
and dosed on Cu(100) substrate, cleaned by Ar + sput- both of the Auger resonant Raman effect and of the
tering and 900K annealing. The number of the layers core-hole screening by conduction electrons of the Cu
of the multi-layered molecules was estimated to be substrate.
500. To prepare the mono-layer, the substrate on 3)Desorption of fragment ions
which 3 layers of CS2 adsorbed were heated to 125K.
For the multi-layered CS2, fragments are detected
The thickness of the adsorbed molecules was deter- only when h v is adjusted at a* resonance, whereas
mined by TPD (Temperature Programmed Desorption) the intensity of the a * absorption is much weaker
measurements. Desorbed fragment ions were counted by than that of i * absorption (Fig. 3).
the use of a quadrupole mass analyzer.

Introduction
It is important to investigate the details of the
Auger decay processes following an inner-shell
resonant excitation from the viewpoint both revealing
not only the nature of decay processes but also the
mechanisms of photodissociation and photoinduced
desorption. The purpose of this work is to study the
S(KLL) resonant Auger decay and the photodesorption
of ionic fragments following Sis excitations for
muiti- and mono-layered S-containing molecules.

Results and discussion'
Following results were obtained.
DFrom the analysis of XANES (X-ray Absorption Near
Edge Structure) spectra, the average polar angle of
Fig.l

Fig. 2

2120

'2110

CS2 multi
/Cu (100)

noraftl

2485
CS] mono
/Cu(lOO)
i 2115
JL«

»

2110
2470
2480
Photon energy (eV)
Si«-3p*(r*)
IS

Fig. 3

cs,

multi
/Cu (100)

XANES

(b)

I
s
S*

2465
2100

2110
Electron

energy

V

V

2120

2465

(eV)

2470

2475

Photon energy

370

2480
(eVI

2485

STRAND BREAKS IN DNA INDUCED
THROUGH AN ATOMIC TARGET OF CALCIUM
Kaoru TAKAKURA, Tetsushi SENDA and Mitsuo ISHIKAWA
Department of Physics, International Christian University, Tokyo 181, Japan
Some studies have referred that DNA formed
Ca-DNA complex in aqueous solutions involving
calcium (Ca) ions, bonding of Ca ions to phosphate
moiety first then secondarily to base moiety in
DNA. In several years we have studied strand
breaks in DNA induced through an atomic target of
calcium. The aim of this study was to observe the
enhancement effect on strand breaks in DNA
induced by the K-shell ionization of Ca atom.
Col E1 plasmid DNA purchased from Takara
Co.Ltd. was irradiated in buffered aqueous solution
with appropriate concentration of Ca ions. The
buffered solution (pH 8.0) was consisted of 10
mmol/dm 3 tris-hydroxy methyl-aminomethane and
1 mmol/dm3 EDTA. The DNA concentration was
0.94 mg/ml finally and calcium chloride was added
to become an appropriate concentration in
irradiated solution.
The energy selected for

a)

4.071 keV
Ca=6 mM/1

control

irradiation were 4.030 keV and 4.071 keV, which
were corresponded to slightly below and above the
K-shell absorption edge of calcium. The numbers of
double-strand breaks (DSB) and single-strand
breaks (SSB) per one molecule of Col E1 DNA were
obtained by the calculation with Povirk's equation
after elctrophoretic separation of three forms of
plasmid DNA. The detection of the amount of the
three forms was done with C4880 CCD camera.
Figure 1 shows the electrophoretic patterns of
Col E1 DNA when the DNA solutions were irradiated
with 4.071 keV X-rays at various exposures. In
Figure 1 a), the patterns of Col E1 DNA irradiated in
the soluiton with 6 mmol/l Ca ions and in Figure 1
b), the patterns of that without Ca ions were
shown. The increase of form III with increasing of
exposure means the increase of DSB with increasing
of exposure. The comparison of Fig.1 a) and b)
shows clearly that the yield of DSB in DNA
irradiated in the presence of Ca ions is much higher
than that in the absence of Ca ions. The number of
DSB per one molecule of Col E1 DNA calculated by
Povirk's equation was plotted as a function of
exposure in Fig. 2. About 70 % enhancement of the
yield of DSB was obtained under the irradiation in
the presence of 6 mmol/l Ca ions in comparison
with that in the absence of Ca ions.
DSB, 4.071 keV
0.08

form II

in

'

j
0.07

'

'

;

— • — C a O mM/l

-

- - O - - Ca 6 mM/l
0.06

b) 4 . 0 7 1 keV
Ca = 0 mM/lcontrol

0.05

A

r
0.04
0.03

600 kR

.A A

0.02
O.Ot

750 kR

I

0
0

form II

III

I . . . . I,

100 200 300 400 500 600 700 800

Exposure (kR)

I

Fig.1 The electrophoretic patterns of Col E1 DNA
when the DNA solutions were irradiated with 4.071
keV X-rays at various exposures.
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Fig.2 The dependence on exposure of the number of
DSB per one molecule of Col E1 DNA, N z , when the
DNA was irradiated with 4.071 keV X-rays in the
presence of 6 mmol/l Ca ions (- o -) and in the
absence of Ca ions (-#-).
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in Pt. Except a Co(14A)/Pt(15.6A) multilayer, no appreciable difference is observed. Pt atoms only at the
Co/Pt interfaces would have the magnetic moment and
are responsible for the MCD signals.
From the results at the Co M2,3 edge combined
with the result at the Pt Ngj edges, we can conclude
that the perpendicular magnetic anisotropy mainly depends on the electronic structure of Co at Co/Pt interfaces and that Pt atoms at the interfaces play a partial
role in the magnetic anisotropy.
Recently, we have measured the reflectivity spectra of these samples down to 4eV at BL-11C. More
detailed discussion will be presented elsewhere on the
basis of the dielectric tensors obtained from KramersKronig analysis.

Co/Pt multilayer is one of the most attractive
candidates for next-generation high-density magnetooptical recording media. With decreasing Co layer (i.e.
ferromagnetic layer) thickness, the direction of the easy
axis of magnetization changes from in-plane to out-ofplane. This change might be attributed to the influence of interfaces of the artificial layered structure on
the magnetic properties. Core-level Magnetic circular dichroism(MCD) measurement would be a suitable
technique for studies of this system, since it has great
advantages of element specificity and site selectivity.
We report here a core-level MCD study of Co/Pt multilayers with varying Co layer thicknesses with almost
the same Pt layer thickness.
Six Co/Pt layered samples were prepared on a
glass substrate by an rf sputtering method. The top
layer was a Pt one in order to avoid oxidation. The
Co layer thickness of each sample, determined from
both low- and high-angle X-ray diffraction methods,
was 3A, 4A, 6A. 9.3A, llA and 14A. The MCD experiments were made using directly characterized circularly polarized undulator radiation on BL-28A. Since
the degree of circular polarization of the undulator radiation depends strongly on energy, the spectra were
taken separately for the energy regions around the Co
M2,3(and Pt O3) and Pt. NS|7(and Pt O2) edges. The
measurements were done with a bulk-sensitive reflection method in a Faraday configuration. The dichroic
signals in reflectivity were recorded for two opposite
directions of the external magnetic field. The field
strength was 2T and was sufficient for saturation of
sample magnetization.
Figure 1 shows the reflection MCD spectra in the
region around Co M 2 3 and Pt O3 edges. A negative
peak observed at 61eV grows as Co layer thickness increase, except the Co(14A)/Pt(15.6A) sample. This is
mainly because of an increase of the Co concentration
in the whole system. For samples with thinner Co layer
thicknesses(<6A), the low energy side of the negative
peak is sharp as compared with that for the samples
with thicker Co layer(>9.3A)(denoted by f)- These
features strongly reflect the electronic structure of Co
at or around the Co/Pt interfaces which is different
from that of bulk. It was confirmed that the samples
with thinner Co layer thicknesses(<6A) had perpendicular magnetic anisotropy and a Co(14A)/Pt(15.6A)
sample with the thickest Co layer had in-plane magnetic anisotropy. Therefore w-e can see the systematic
variation of the electronic, state of Co/Pt interfaces
with the change in the magnetic anisotropy.
The role of non-magnetic layers cannot be ignored.
Figure 2 shows the reflection MCD spectra taken
around the Pt Ng, N- and O9 edges. These spectra
reveal the induced magnetic moment on the 5d state

60
70
Photon Energy (eV)
Fig.l Reflection MCD spectra around the Co
M£ 3 edge, Co layer thickness( A )/Pt layer
thickness(A) are presented. The sharp spectral
features are denoted by f.

(N

70
80
Photon Energy (eV)
Fig.2 Reflection MCD spectra around the Pt
N g j edges.
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LnJroduclio_n_
Configuration interaction is so strong at the Co M 2 3 edge
CoS 2 has the pyrile structure and is a metallic
that the Co M 2 3 edge cannot be separated. However, we
ferromagnet whose Curie temperature, T c is about 120 K.
assume that the equation (1) can be applied to the obtained
The total magnetic moment is 0.84 fiB per Co atom. The
MCD if the notation M 2 3 g represents the energy region
ions form an fee array of the NaC] structure; the Co ions
of the strong negative MCD signal, and the notation M 2 3 u
occupy the Na sites while the S 2 molecules the Cl sites.
stands for the region of the strong positive and the weak
The strong cubic crystalline field splits the d-band to the
negative MCD signal. Then we obtain a value of
lower t2g and upper eg bands, and the Fermi level lies in the
morb/mspjn=0.17. The value is in good agreement with a
middle of the upper eg band.1) We have measured
value of m orb /m spin =0.16 determined from a neutron
magnetic circular dichroism (MCD) in the Co 3p (M2 3 )
diffraction experiment.4) We have applied the same
core-level absorption spectra for obtaining the electronic
modified MCD sum rule to the Co M 2 3 MCD for Co
structure information of the unoccupied state.
single crystal. We obtained a value of ni orb /m spin = 0.095.
The value is in good agreement with a value morb/mspin=
The MCD experiment was performed on CoS 2 single
0.095 obtained from the Co L ^ MCD by the transmission
crystal at 62 K in the region around Co M 2 3 edge using
method5) and a value of m orb /m spin = 0.097 determined from
directly characterized circularly polarized undulator radiation
the Einstein-de Haas effect.6)
on beamlinc BL-28A. The measurements were made with a
We consider the weak negative peak at the M2 3 edge.
bulk-sensitive reflection method in a Faraday configuration
The negative weak peak is 2.6 eV higher in energy than the
using an ultrahigh-vacuum-compatible superconducting
strong positive peak. An electronic structure calculation1)
magnet. The photon helicity was fixed and the direction of
shows that the antibonding S 2 po*-state molecular orbital,
the 2-T magnetic field direction was switched. The sample
weakly hybridizing with the exchange-split d states, is about
9
chamber was kept at a pressure of ~ l x l 0 Torr during the
2 eV higher in energy than the Fermi level. Therefore we
measurements. In order to obtain the off-diagonal element
attribute this weak negative MCD peak to the S 2 pa*-state.
of the complex dielectric tensor from the reflection MCD
(RMCD) data through a Kramers-Kronig analysis, we
1) D.W.Bullett: J.Phys.C 15(1982)6163.
measured reflectivity in lower energies from 4 to 50 eV.
2) B.T.Thole, et al.: Phys.Rev.Lett. 68(1992)1943.
Results, amLDiscujL siJUL
3) P.Carra, et al.: Phys.Rev.Lett. 70(1993)694.
The absorption coefficients for two opposite
4)
A.Ohsawa, et al.: J.Phys.Soc.Jpn. 40(1976)986.
magnetization directions,,a+ and/*", were obtained by the
5) C.T.Chen, et al.: Phys.Rev.Lett. (submitted)
Kramers-Kronig analysis of the RMCD and reflectance
6) D.Bonnernberg,et a].:Landort-B6rnstein,vol.ni/19a,pl78
spectra. Here, fi+ and /.r represent the absorption
coefficients involving transition with AJZ=+1(CT+) and
AJz=-l (a-) with the z axis taken in the direction opposite
to the sample magnetization. The difference, fi+-^~, i.e.,
the MCD spectrum around the Co M2 3 core edge is
displayed in Fig.l. The MCD spectrum was found to
exhibit a strong negative peak in the low energy side of the
M2>3 edge, followed by a strong positive and a weak
negative peak in the high energy side of the M 2 3 edge with
increasing energy.
According to recently discovered MCD sum
rules,2'3) the ratio of the orbital to spin magnetic moments
can be determined from the MCD spectrum by the following
equation, by neglecting the expectation value of the
magnetic dipole operator, <Tz>,
(fi+-|x-)deo

•50

/M 2 , 3
(1)

(u,+-|i-)da) - 2

(|x+-|r-)dco
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Fig.l MCD spectrum of C0S2 around the Co M2J3 edge,
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bovine myoglobin or purple membrane of
Halobacterium halobium onto a polycarbonate sheet
supported by a Ni-mesh, and drying it in a
desiccator.

Introduction
Chiral objects show a preferential absorption for
right or left circularly polarized light.
The
phenomenon of circular dichroism (CD) has been
very useful in characterizing any chiral molecules
such as proteins, nucleic acids and their complexes.
Non-synchrotron sources have been used to measure
CD in the wavelength region from about 135 nm in
the vacuum ultra-violet to 10 /um in the infrared. To
extend the wavelength range to 100 nm (12.4 eV) or
shorter wavelength, the use of synchrotron radiation
is required.
The CD bands at wavelengths shorter than 180
nm involve the transitions from the bonds in the
backbone of polypeptide. Since o-o* transition
moments are directed along the bond, the spectral
range below 180 nm may provide a fruitful region to
explore polypeptide secondary structure1'. In the
wavelength range shorter than 135 nm, no
measurement of CD spectrum has been done with
biological molecules.
Our present interest is
concerned with the feasibility for the observation of
CD spectrum below 135 nm and the determination of
secondary structure of proteins and polypeptide by it.

Results and Discussions
The spectra of transmitted beam were measured
on a bovine myoglobin sample or a purple
membrane one for the right and left circularly
polarized lights, respectively. CD spectra calculated
from these data were different in sign and amplitude
from sample to sample. The present result indicates
that the obtained CD data are not significant and
suggests some problems which should be considered
in the following study. The improvement of the
signal-to-noise ratio is needed by increasing
incident beam intensity and also, lowering the higher
harmonics of incident beam. To confirm the
significance of CD spectrum, it is helpful to extend
measurements to the region of longer wavelength
and connect with the spectrum observed until now.
Since the position of specimen may not be precisely
the same between the measurement with the right
circularly polarized light and the left one, it is
necessary to get a specimen with even thickness
everywhere, though it is not a easy task due to the
hydrophobic property of polycarbonate.

Experimental
CD experiments were performed on the helical
undulator beam line BL28A2'. The measurement of
CD spectrum was carried out by a transmission
method in the region of wavelengths from 28 nm
(45eV) to 50 nm (25eV) and -50 mA ring current
(single bunch mode). The specimen was made by
dropping a small amount of aqueous solution of

References
1) I. Tinoko and A. L. Williams, Ann. Rev. Phys.
Chem. 35, 329 (1984).
2) Y. Kagoshima et al., Rev. Sci. Instrum. 63, 1289
(1992).
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INTRODUCTION
Magnetic circular X-ray dichroism (MCXD) has
been observed at the if-edge in the various
ferromagnetic transition metals and alloys. Since
the K-edge is originated in the ls-^-Ap dipolar
transitions, it was not easy to understand the
correlation between 4p and 3d orbitals from the
observed spectrum. Igarashi and Hirai[l] have
recently calculated the K-edge MCXD spectrum
in Fe and Ni on the basis of the tight-binding
model including the spin-orbit interaction. They
have shown that the 3d-orbital moment on the
neighboring sites induces the 4p-orbital moment
on the core-hole site through the p-d hybridization. They also obtained the sum rule for
orbital angular momentum. In this report, we
compare the MCXD integrated intensity with the
orbital magnetic moments in Fe, Co, and Ni.

represented as follows:
0)

(1)
(0

where <L> is the expectation value of orbital
angular momentum, Nh the hole population of
4p-states per atom. Although we applied the
MCXD data to eq.(l), it was difficult to estimate
precisely the orbital moment because of the
ambiguity of the denominator in eq.(l). In fig.2,
we thus compare the MCXD integrated intensity
with the orbital magnetic moments in the
literature. [2]
It may indicate that a linear
relation possibly holds between these quantities.
References

EXPERIMENTAL

[1] J.Igarashi and K.Hirai: Phys.Rev. B48 (1983)
625.
[2] O.Eriksson et al.: Phys.Rev. B42 (1990) 2707.

The MCXD spectrum was measured on the
beamline 28B using the transmission method.
Thin foils of the ferromagnetic Fe (2Mm in
thickness), Co (4(im, fee), and Ni (5Mm) pure
metals were prepared. The crystal structure was
confirmed as bec (Fe) and fee (Co and Ni) by Xray diffraction.

•

RESULTS AND DISCUSSION
Figure 1 shows the if-edge MCXD spectrum in
Fe, Co, and Ni. It demonstrates the difference
spectrum (Afii) to the normalized XANES
spectrum. Edge energy Eo is defined as the
photon energy at the first inflection point of the
XANES spectrum. The MCXD in Fe is characterized by the positive and negative peaks
located at about 0 and 6 eV. On the other
hand, the spectra in Co and Ni yield the
negative and broaden peak at about 5 eV in the
vicinity of the edge. The spectrum in Co has
the largest effect among these metals. The
overall shape of these spectra has been well
reproduced by the calculations.[1] According to
the calculations, the spin-orbital interaction of
the 3d-states plays a dominant role in generating
the spectrum. One can comprehend that the Upstates on the core-hole site correlate with the 3dstates on the neighboring sites through the p-d
hybridization. This indicates that the MCXD
spectrum has a sensitivity to local magnetic
structure, especially local symmetry.
Igarashi and Hirai have also proposed the sum
rule for the orbital angular momentum. [1] It is
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Introduction
The magnetic ordering of RE-TM systems are mainly
ruled by 3d(TM)-4f(RE) interaction. Because 4f-state of RE
atoms is highly localized, this interaction is indirect through
the agency of conduction electrons and very complicate.
X-ray MCD (Magnetic Circular Dichroism) with core level
excitation is powerful tools to investigate the unoccupied
conduction states.
The MCD in Co-RE ( RE = La, Pr, Nd, Sm, Gd, Tb, Dy )
amorphous thin films was measured at Co K-edge. The
MCD spectra at Co K-edge correspond with orbital
polarization of 4p(TM) unoccupied conduction states of Co
sites. The information about contribution of orbital moments
of 3d(TM)- and 4f(RE)-electrons to 4p(TM) conduction
states was analyzed from the MCD spectra.

Co-HRE systems. Therefore, the peaks (A) and (C) is
strongly affected from orbital moments of 3d(TM)-electrons
though Lirfis very small. The structure about 15(eV) on
MCD spectra in all samples is considered as the part of
oscillation of Magnetic EXAFS because the wave length of
electron whose energy is about 15(eV) corresponds to the
distance between the absorption atom and its nearest
neighbor. This is supported by resemblance of shapes
between XANES and MCD spectra in many pure metals and
alloys.
In summary, we classified the origins of each peaks on
MCD spectra at Co K-edge in Co-RE amorphous alloys.
The MCD spectra at Co K-edge reveals the degree of orbital
polarization of the 4p(TM) state of Co atoms, and they are
strongly affected by 3d(TM)- and 4f(RE)-electrons.

Experimental
Co-RE amorphous thin films were deposited about 2u.mthick on polyimide films by RF magnetron sputtering method.
The mesurements of MCD were carried out at the beam line
PF-BL28B with circularly polarized X-ray. MCD were
measured at room temperature using the transmission
geometry with two ion chambers in front and behind of the
sample. The zero point at energy scale of MCD spectra were
chosen as the first inflection point of XANES (X-ray
Absorption Near Edge Structure).
Results and discussion
Fig.l shows the MCD spectra of Co-RE amorphous thin
films at Co K-edge. The spectra of Co-LRE( La, Pr, Nd, Sm)
are negative between 0(eV) and 10(eV), on the other hand,
those of Co-HRE( Gd, Tb, Dy) have positive and negative
peaks at the same energy range. The spectra of both systems
seems to consist of two peaks at 3(eV) and 8(eV) denoted by
arrows (A) and (B) for Co-LRE, and (C) and (D) for Co-HRE,
respectively. Peaks (D) on MCD spectra in Co66Tb34 and
Co66Dy34 disappear in Co67Gd.B, indicating that (D) is
originated from orbital moments of 4f(RE)-electrons which
is equal to zero in the case of Gd atoms.
Fig.2 shows the schematic diagram illustrating a series of
couplings between orbital moments and magnetic ones.
Co-LRE systems are ferromagnetic and Co-HRE systems are
ferrimagnetic. As for all the samples, the direction of
magnetic moments on RE atoms are parallel to total ones.
The direction of orbital moments of 4f electrons on RE atoms
in Co-LRE systems are parallel to that in Co-HRE systems.
This coincide with the fact that the peak (B) in Co-LRE
systems didn't change the sign for the peak (D) at the case of
Co-HRE systems. The direction of orbital moments of
4f(RE)-electrons (Uf) are parallel to that of 3d(TM) one (LM)
in Co-LRE and are antiparallel in Co-HRE when LJ</ isn't
frozen completely. This relationship of directions between
Litf and L-ycoincides with that of signs of peaks between (A)
and (B) in Co-LRE systems and between (C) and (D) in
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MCD spectra of Co-RE ( RE = La, Pr, Nd, Sm, Gd, Tb,
Dy ) amorphous thin films at Co K-edge. The
compositions of samples were Co79La2i, Co7iPr29,
Co74Nd26, Co79Sm2i, Co67Gd33, Co66Tb34, and
Co66Dy34.

(a) Co-LRE

+
Lirf
MTM

(b) Co-HRE

J+
•
Sirf

„

»

Uf MKE

f +
1

M'lM LA/

Fig.2

376

L//

MM;

Schematic diagram illustrating the coupling between the
orbital moments and magnetic moments of the RE and
TM. (a), (b) indicates the cases of Co-LRE and Co-HRE,
respectively.

proposal No 92-G269

Local Magnetic Study in Fe/Ho Multilayered Films
Tomonori SHffiAISHI, Hiroshi SAKURAI, Shigeto TAKEI, Kouichi HAYAMA,
Hiromi OIKE, and Fumitake ITOH
Department of Electronic Engineering, Faculty of Engineering, Gunma University,
1-5-1 Tenjincho, Kiryu, Gunma 376.
Results and Discussion
Figure 1 shows the CMXD spectra (AuMn) at (a) the
Fe K-edge and (b) the Ho I^-edge in Fe(XA)/Ho(XA)
multilayered films at room temperature. For comparison,
the CMXD spectra in pure Fe at room temperature,
pure Ho, HoF^ and Fe(10A)/Ho(10A) at 23K are
shown together. The Fe K-edge spectra in the multilayers with larger layer thickness(X>30) are almost the
same as that in pure Fe, while the Ho L^-edge spectra
are just opposite in sign to that in pure Ho. This
means that Fe(Ho) moments in multilayers(X>30) are
aligned parallel(anti-parallel) to the magnetic field at
room temperature. The spectra at Ho I^-edge in multilayers(X>30) are similar to that in HoFej rather than
that in pure Ho. This means that Ho atoms near the
interface are magnetized like HoFez alloy.
The spectrum at Fe K-edge in Fe(10A)/Ho(10A)
multilayer at 23K looks like that in HoFej rather than
that in pure Fe, while the spectra at Ho L3- and L^edges are similar to those in pure Ho. This means Fe
atoms in Fe(10A)/Ho(10A) are similar to those in
HoF^ alloy and Ho moments are aligned parallel to
the magnetic field in contrast to the case of X>30A.
However, the spectrum at Ho I^-edge in Fe(10A)/Ho(loA) is not exactly the same to that in pure Ho.
This implies that Fe and Ho atoms in Fe(10A)/Ho(10A)
influence each other and there does exit some
concentration modulation through the interface.

Introduction
Circular Magnetic X-ray Dichroism (CMXD) is a
powerful method to study local magnetism of ferro(i)magnetic materials. Recently a variety of the CMXD
measurement at K-, L-edge in metallic compounds,
alloy, and multilayered films has been performed.1'2' We
have already reported the CMXD results of some
Fe(40A)/Ho(XA) multilayered films and discussed that
the interface of Ho layers is magnetized to the extent
of as much as 8A even at room temperature by the
influence of neighboring Fe layers.2)
In this paper, we report the CMXD spectra at the Fe
K-edge and Ho L^-edge in Fe(XA)/Ho(XA) {X=2.5~
80) multilayered films and discuss the magnetic
properties which depend on the layer thickness(X) in
the Fe/Ho multilayered films.
Experimental
Fe/Ho multilayered films were prepared by an
alternative rf sputtering method onto 15um aluminum
foils. The thickness of each layer was controlled by the
deposition time and confirmed by X-ray analysis. The
ratio of Fe layer thickness to Ho layer thickness was
kept to 1:1 and total film thickness was lum. The
magnetization was measured with a vibrating sample
magnetometer.
The CMXD spectra at the Fe K-edge and Ho Lyedge were measured by using circularly polarized Xrays emitted from the elliptical multipole wiggler at
BL-28B station. The measurements were carried out
with a transmission method at room temperature and at
low temperature(23K). The magnetic field of 6kOe was
applied parallel to the sample plane.

References
1) RFischer, G.SchUtz, S.Scherle, MKnfflle, S.StSMer and
G.Wiesinger, Solid State Comm. 82(1992)857.
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INTRODUCTION

the ls—>-3d dipole transitions are allowed at the
7^-sites by the mixing between Fe 3d-4p orbitals
through the hybridization with 0 2p orbitals.
This calculation has reproduced not only the
dispersion-type spectrum but also the sign
alternation. It also predicts that the MCXD
spectrum at the Oh-sites shows the opposite sign
by taking into account the next neighboring Feions. It is a critical condition for the Oh-sites,
because this polyhedral environment holds
centrosymmetry. According to the experimental
result, the MCXD at the Oh-sites reflects the
distortion from the inversion symmetry.

Magnetic circular X-ray dichroism (MCXD) has
been observed at the Fe if-edge in the various
ferrimagnetic Fe-oxides.
In particular, the
dichroic signal located in the so-called pre-peak
region, which is interpreted as the ls~*3d
dipole-allowed transitions[l-3], has attracted
interest in connection with the electronic states
of ferric (Fe3+) and ferrous (Fe2+) ions lying at
tetrahedral (!Fd) or octahedral (OJ environment.
Since the Fe ions rule the ferrimagnetism in Feoxides, the information about the electronic
states is indispensable to understand the
magnetic ordering and the local symmetry. In
this report, the observed MCXD spectrum is
compared with the spectrum calculated on the
basis of a cluster model[4].
The observed
features can be qualitatively reproduced by the
calculations.
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EXPERIMENTAL

(xicr

The MCXD spectrum was measured on the
beamline 28B using the transmission method of
powder sample.
The following ferrimagnetic
Fe-oxides were prepared: YIG and Ho-IG with
garnet structure (a notation of Fe ion
configuration is [3Fe3+]Td[2Fe3+]ohO2~12), magnetite
([Fe 3+ ] Td [Fe 2+ Fe 3+ ] O hO 4)
and
Li-ferrite
([Fe3+]Td[1.5Fe3+]ohO2~4)
with inverse
spinel
structure, maghemite ([Fe3+]Td[5/3Fe3+]oh02"4) with
spinel structure, and Ba-ferrite (BaO • 6Fe2O3)
with magneto-plumbite structure.
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Figure 1 shows the MCXD (Ant) and XANES
(lit) spectra in YIG. Dispersion-type MCXD is
observed at both the pre-peak and main absorption regions. The sign changes from negative to
positive, as the photon energy is increased
around the pre-peak region; on the other hand,
around the main absorption, the spectrum shows
only a subtle signal.
From a comparison between garnet and inverse
spinel about Fe-ion configuration and magnetic
ordering, we conclude that the pre-peak structure
is originated in the Fe3+ ion lying at the Td-sites,
and the main absorption is mainly ascribed to
the Fe3+ and/or Fe2+ ion lying at the Oh-sites.
The sign of MCXD spectrum reflects the
direction of the major local moment contributed
to the net magnetization.
Figure 2 shows the MCXD spectrum calculated
on the basis of a cluster model[4], assuming that

/
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Fig.l. MCXD (upper) and XANES (lower)
at the Fe K-edge in YIG.
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Fig.2. The calculated MCXD spectrum (a) at Tdsites, and (b) at Oh-sites.[4]
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orbital magnetization p L is also estimated using the
total magnetization p , ^ and listed in Table 1, which
is qualitatively in agreement with the recent Land
structure calculation by Brooks et al5>.

Introduction
Uranium monotelluride (UTe) has NaCl type
crystal
structure
with
ferromagnetic
ordering
temperature Tc of 104K1'. It is also known to be a
high Tc dense Kondo material2'.
The magnetic Compton profile (MCP) has
characteristic feature that the MCP gives only "spin
moment" in the momentum space3'4'. This feature gives
us an opportunity of separating spin and orbital
contribution. In this paper we report the MCP of UTe
and try to determine orbital magnetization and spin
magnetization from a combination of the MCP and
magnetization experiments.
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T. Iwazumi, H. Kawata, M. Ito, N. Sakai
and Y. Tanaka, J. Phys. Soc. Jpn. 62(1993)1716.
4) N. Sakai, J. Phys. Soc. Jpn. 63(1994)4655.
5) M. S. S. Brooks, O. Eriksson, L. Severin, B. Johansson,
Physica B192(1993)39.

Experimental
A UTe single crystal sample was made by the
Bridgmann method at Oarai Branch of Tohoku
University and brought to the KEK. The single crystal
was cleaved to get (100) plane and shaped into a
rectangle of size of 8mmx5mmxlmm. A special
caution has been paid for treating nuclear fuel
substance (U); The sample was held in a copper disk
and sealed with 12.5um Kapton foil under He
atmosphere to avoid the leakage of U. The whole disk
was set on a cryogenic refrigerator and the magnetic
field of 5kOe was applied along <100> direction by
the electromagnet. The sample temperature was kept at
80K during measurements in order to achieve magnetic
single domain within 5kOe. The incident energy of Xray was 59.38keV and the scattering angle was 160°.

Table 1 Magnetic moment 5

UTe.

Of

N e u t r o n (AJB)

MCP
- 1 . 21

?

^S<o,P,d)

- 0 . 36

- 0 . 34

tt& (total)

- 1 . 57

?

UL <5f>

3. 48

?

U <5«

2. 27

2. 25

ft <tot«l)

1 . 91

1 . 91

UTe[100]/80K
Results and Discussion
Fig. 1 shows that the MCP of UTe has the
negative sign. This is clear indication that the magnetic
spin moments are aligned antiparallel to the magnetic
field. This also indicates that the orbital magnetization
of UTe compound is dominant and parallel to the
magnetic field. The least squares fitting of the MCP
to U5f momentum distribution shows that the MCP
can be well decomposed into U5f components and
conduction electron-like components (7s, 7p, 6d). Thus
obtained values are -1.21uB for 5f electrons and
-0.36pB for conduction electron-like electrons,
respectively. The later is very close to the value of
-0.34uB estimated from the neutron experiment1'. The

5

[x10 ]

• Experiment

~ W+9s,p,d)

— U5f

S,p,0

Pz(A.U.)
Fig. 1 MCP of UTe.
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INTRODUCTION

8 =(13/9)<S>.
For the analysis, we adopted
the standard procedure composed of the following
three steps: Rescaling of XANES spectra, an
estimation of white-line intensity, and an
integration of MCXD spectrum.
Figure 1 shows the derived orbital ML, spin
M s and total MT magnetic moments per Pt atom.
The value of ML takes a negative value in
TM=Cr and almost collapses in TM=Mn and
turns to a positive sign in TM=Fe and Co. On
the other hand, the value of Ms increases
monotonically from a small positive one in
TM=Cr to the order of 0.3 M B in TM=Fe and Co.
The dependence of MT on TM-element is as a
whole in good agreement with the data obtained
from
neutron
scattering[2]
and
band
calculations [3]. It is clearly shown that the
ferrimagnetism is realized in the CrPt3. It should
be emphasized that, in the case of TM=Mn, the
spin character dominantly contributes to the Pt
moment; whereas the Pt moment in TM=Cr is
ascribed to the orbital character. The nature of
correlation between Pt 5d- and TM 3d-electrons
is still an open question.

Magnetic circular X-ray dichroism (MCXD)
provides detailed information about electronic
states in magnetic materials. In particular, the
possibility of direct separation of orbital (Mj) and
spin (Mg) magnetic moments using the magnetooptical
sum
rules [1] stimulates
various
applications to magnetism. This technique is
useful for studying magnetic local environment
effect of Pt atom in 3d-transition metals. In this
report, we present a systematic variation of Pt
5d-magnetic states in the ferromagnetic or
ferrimagnetic
intermetallic
compounds
of
transition metal (TM) and Pt.
EXPERIMENTAL
The TM-Pt (TM=Cr, Mn, Fe and Co) alloys
were prepared by arc-melting method under an
Ar atmosphere. The Cu3Au-ordered phase was
realized by a suitable thermal treatment. The
MnPt3, Fe3Pt and CoPt3 compounds are ferromagnetic, and the CrPt3 is ferrimagnet. The
MCXD measurements were made on the
beamline AR-NE1A2 by the transmission method
with powder sample.
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RESULTS AND DISCUSSION
In order to apply the MCXD data to the sum
rules, it is necessary to calculate the following
quantities; [1]

j" (An*)du + J

fL3+L2

(1)

JL3+

w - 2J

ff

(2)

J

where the integration is over the L3- and
L2-edges taking into account a rescaling factor.
The sum rules give us the ground-state expectation value of orbital <LZ> and spin <S> angular
momenta on the basis of atomic model. The
magnetic dipole term[l] was approximately
replaced with a Lorentz local field. In the case
of Pt L-edges, the sum rules are consequently
expressed as follows:
p-{l/2)<L>
and

Mn
Fe
Transition Metal

Co

Fig.l The derived orbital ML (circle), spin Me
(square) and total MT (open-diamond)
magnetic moments per Pt atom in this
series. The closed-diamond shows the data in
the literature.
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INTRODUCTION

exhibits the ordinary sign on ferromagnet and a
nearly equal magnitude at the L3- and L2- edges.
This leads to the conclusion that an orbital
moment almost vanishes in the Pt 5d-states and
the moments originate in spin. This feature is
in contrast with the results of CrPt3.
In
(CrMn)Pt3, the dispersion-type MCXD spectrum
has first been observed at the L3-edge. This
profile can be resolved into the positive peak
came from CrPt3 and the negative one of MnPt3.
It is found that the Pt 5<i-magnetic states
sensitively depend on the neighboring TM-atoms.

Magnetic circular X-ray dichroism (MCXD) is
a powerful technique for studying magnetic local
environment effect because of the element
selectivity
and
the
angular
momentum
sensitivity. In transition metal (TM) and Pt
alloy with the CugAu-type superstructure, some
ferromagnets (e.g. Fe3Pt) are suitable for this
study and the MCXD spectrum at the Pt L-edges
has been systematically measured.
However,
/emmagnets (e.g. CrPtg) in this system are not
yet studied. In this report, we present for the
first time the MCXD spectra in the ferrimagnetic
CrPt3 compound. The orbital and spin magnetic
moments of Pt atom are derived from the
magneto-optical sum rules[l].
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EXPERIMENTAL
The samples used in this study were made by
arc-melting method. The Cu3Au-ordered phase
was realized by a suitable thermal treatment
and verified by X-ray powder diffraction.
Ferrimagnetic CrPt3 (TC=481K), ferromagnetic
MnPt 3 (rc=395K) and pseudo-binary (CrMn)Pt3
were prepared.
The MCXD spectrum was
measured on the beamline AR-NE1A2 by using
the transmission method with powder sample.
RESULTS AND DISCUSSION
Figure 1 shows the rescaled MCXD and
normalized XANES spectra at the Pt L3- and L2edges in CrPt3. The MCXD spectrum shows a
positive sign at both the L2- and L3-edges,
although ferromagnet ordinarily exhibits a
positive (negative) sign at the L2-edge (L3-edge).
These spectra can be interpreted by the following
features:
(1) Pt
5d-moments
are
antiferromagnetically coupled with Cr 3d-moments,
(2) the Pt 5d- moments originate in orbital
component due to a large spin-orbit coupling, but
(3) spin has little contribution to the moment.
The orbital and spin angular momenta were
estimated by the sum rules on the assumption of
5d9 initial electronic configuration. The derived
orbital (ML), spin (Mg), and total magnetic
moments are consistent with the neutron
scattering data[2]. The values of Mh and Ms are
of the order of -0.1/z B and nearly zero,
respectively.
To verify the interpretation, the MCXD spectra
were recorded from MnPt 3 and (CrMn)Pt3, as
shown in Fig.2. In MnPt3, the dichroic signal

-40 -20 0 20
(E-£ D )/cV

40-40 -20 0 20
(£-£ 0 )/eV

40

Fig.l. MCXD (lower) and XANES (upper) spectra
at the Pt L3- (left) and L2-edges (right) in
CrPt3.
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Fig.2. MCXD spectra of MnPt 3 and (CrMn)Pt3 at
the Pt L3- (lower) and L2-edges (upper). The
spectra of (CrMn)Pt3 are multiplied by a factor
of 3.
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Introduction
The triple-cross section refering to photons and
electrons is connected to three dimensional
electron momentum density (EMD) p(p) as
follows,J)

d3a

a 2 co+E-E' p'
2

co

X(co,E,E>,e)p(p), (1)

E

where a is the fine structure constant, and co and
co' are the incident and scattered photon energy, p
and p ' are the initial and the recoil electron
momentum, and E and E' the initial and the
recoil electron energy. A momentum conservation,
p = p ' - K, holds, where K is the scattering
vector. X is the cross section function which
includes co,E,E' and the photon scattering angle 0.
The possibility of determining experimentally
3D-EMD by the coincidence measurement of
scattered photons and recoil electrons was for the
first time demonstrated by Rollason et al2).
However, only 2D-EMD informations have been
observed due to the low counting rates and the
limited energy resolution3'. High energy resolution
is needed to get 3D-EMD. In this paper, we
propose a new spectrometer using a time of
flight(TOF) method as the electron detector.

bunch width of electrons was estimated from the
FWHM of the first peak to be 230 ps, which
corresponds to about 0.2 a.u. in the momentum
space. The third peak, the Compton profile of
recoil electrons, is much distorted due to the
multiple scattering of recoil electrons inside the
sample.
A Monte Carlo simulation has been
performed for the same conditions as the
experiment. The result of simulation adopting
100,000 photons are shown in lower part of Fig.2.
A qualitative agreement is seen between
experiment and simulation, which means the
multiple scattering is important.
l)R.Ribberfors; Phys.Rev.B12(1975)2067,3136.
2)AJ.Rollason, F.Bell, J.R.Schneider and W.Drube;
Solid State Commun. 72(1989)297.
3)F.Bell T.Tschentsche, XR.Schneider and
A.J.Rollason, J.Phys.Cond.Matt. 3(1991)5587.

Experimental
Figure 1 shows schematically present
spectrometer. The scattered photons are detected
by solid state detector (SSD). The recoil electrons
are detected by multichannel plate(MCP),
measuring the TOF for recoil electrons to travel
from the sample to the MCP. This is by virtue of
the fact that the Accumulation Ring at KEK is
operated in a single bunch mode with a repetition
time of 1.28ps. The energy resolution of electrons
in this system depends upon the sample-detector
distance(L) and the bunch width of electrons.

Fig.l.

Experimental setup of y-ey
spectrometer(schematic).
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Results and Discussion
Figure 2 shows a preliminary result of the
TOF spectrum of recoil electrons from aluminum
foil (1 um thickness) obtained without the
coincidence
with
scattered
photons.
The
experimental conditions are co= 60keV, 0=150°,
L=1.75m, and the emision angle of recoil
electrons relative to the incident photons is 15°.
The peaks at t=6,12 and 30 ns in Fig.2 come
from incident photons(60keV), elastic photoelectrons and recoil electrons, respectively. The

photon
recoil electron

5
TOF/sec

Fig.2.
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Introduction
Magnetic Compton profiles (MCP) give the direct
information of momentum distributions of magnetic
electrons in ferromagnetic materials. MCP can be
further analyzed into individual momentum distributions
of spin polarized 3d, 4f and s,p-like band electrons,
and these spin magnetic moments can be estimated.
Temperature dependence of MCP of a-Gd^Fe^ had
already been reported15 : The temperature dependence
of the magnetic moment of Gd-4f electrons is larger
than that of Fe-3d electrons.
In this paper, we report on the temperature
dependence of MCPs of a-GdajFejoAljo, and estimate
spin magnetic moments of the Fe-3d, Gd-4f and s,plike electrons.

the Fe-3d magnetic moment suggests that the spin
magnetic moments of the Fe-3d are antiferromagnetically coupled with that of the Gd-4f.

:T=10K
:T=50K
:T=100K
:T=150K

-^

Experimental
The amorphous alloy was prepared by arc melting
followed by hammer and anvil quenching in an
atmosphere of purified argon. The sample was
confirmed by X-ray diffraction to be amorphous. Its
thickness was about 62[im.
The MCP of a-GdjoFejoAla, was measured on the
beam line AR-NE1 using circularly polarized X-rays
of 48 keV, which were obtained from the elliptical
multipole wiggler2'. A 13-segmented Ge solid state
detector was used and the scattering angle was 160°.
The momentum resolution was 0.96 a.u. The
measurements of the MCP were carried out at
temperatures 10K, 50K, 100K and 150K.
Magnetization measurement of a-Gd^Fe^^^ was also
performed at corresponding temperatures.

Results and Discussion
Figure 1 shows MCPs, each of which is normalized
by the corresponding bulk magnetic moment. The
difference between MCPs cannot be observed. Table 1
shows spin magnetic moments of the Fe-3d, Gd-4f
and s,p-like electrons at each temperature. The
temperature dependence of magnetic moments of the
Fe-3d and Gd-4f are identical within the experimental
error ±0.4nB/chemical formula. The negative value of
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P z [a.u.]
Figure 1 Temperature dependence of MCPs normalized
by the corresponding bulk magnetic moment

Table 1 Evaluated spin magnetic moments
formula) of the Fe-3d, Gd-4f, s,p-like electrons.
Temp.

s,p-like

Fe-3d

Gd-4f

bulk

10K

1.08

-2.42

19.2

17.9

50K

0.87

-1.95

17.7

16.6

100K

0.83

-2.24

15.0

13.6

150K

0.56

-1.48

10.1

9.19
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2672 (1989).

93-G126

PROGRESS OF THE IMAGING ZONE PLATE SOFT X-RAY MICROSCOPE
Jidong WANG,1 Yasushi KAGOSHIMA,1 Tauneaki MIYAHARA,1 Masami ANDO,1
Sadao AOKI,2 Norio WATANABE,2 Erik ANDERSON,3 David ATTWOOD,3 Dieter KERN,4
Kunio SHINOHARA,5 and Hiroshi KIHARA6
1

Photon Factory, National Laboratory for High Energy Physics
Center for X-ray Optics, LBL
s
Tokyo Metropolitan Institute of Medical Science
3

2

Institute of Applied Physics, University of Tsukuba
Institut filr Angewandte Physik, Universitcit Tubingen
6
Kansai Medical University
4

Introduction

Visible light

An imaging soft x-ray microscope using a zone
plate with a 50 nm outermost zone width is in
operation at the beamline AR-NE1B and its first
experimental results have been reported elsewhere.1
During last year the microscope has been improved
by introducing a visible pre-focus unit. Some quite
good x-ray images have been obtained.

Planoparallel plate
view ports
Eye piece
"Change-over
splitter
Coarse adjustment
objective

Visible light pre-focus unit
The object distance of a high resolution zone plate
is very close to its focal length which is usually
shorter than 1 mm and its focal depth is only several
microns. In our microscope, the focal length and the
focal depth of the OZP are about 0.84 mm and ±2.1
um, respectively. Therefore, it is very difficult to
align the OZP without any auxiliary implement.
Based on the above consideration, a visible light prefocus unit has been developed and introduced into the
x-ray microscope as shown in Fig. 1. The unit
consists of two objectives (a coarse and a fine) and
common eyepieces. The coarse adjustment objective
is used to monitor the adjustment of the x-ray optical
system in its view field (~ <|)1 mm). The fine
adjustment objective with a <)>2 mm central hole to
make x rays pass through is used to measure an
object distance of the OZP. Its focal depth is designed
to be about ±1.5 |nm. Since that is less than the focal
depth of the OZP, the object distance can be
measured and adjusted precisely.

!_Fine adjustment
objective

UR

CZP Pinhole Object OZP

Fig. 1. Schematic of the visible light pre-focus unit.

Experimental results
A finer zone plate with a 45 nm outermost zone
width as a test pattern is imaged by the microscope.2
The small width of zones down to 55 nm are
successfully resolved. According to Rayleigh's
criterion, the spatial resolution of a zone plate
microscope is comparable to the width of the
outermost zone. Since that width of the OZP is 50
nm, we would believe that the resolution of our
microscope has almost reached its diffraction limit.
Some dry biological specimens, diatoms, have
been clearly observed at a high resolution as shown in
Fig. 2. It has been confirmed that our microscope is
applicable to biology.

55 nm lines & spaces

Reference
'J.-D. Wang, Y. Kagoshima at al., PHOTON
FACTORY ACTIVITY REPORT #11, 422 (1993).
2
J.-D. Wang, Y. Kagoshima at al.. Rev. Sci. Instrum.
66 (1995, in press).

Fig. 2. Images taken by the soft x-ray microscope,
(a). Outermost region of a fine zone plate test pattern,
(b). Dry diatoms.
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INTRODUCTION

items are possibly considered: (1) The mixing
between the L3- and L2-edges is not avoidable,
thus the integrated intensity of XAS yields the
serious ambiguity, (2) some secondary processes
in the photoabsorption are superimposed on the
spectrum, (3) it is difficult to estimate the
contribution of the 2p-*ns dipolar transitions, (4)
the magnetic states of surface are different from
that of bulk. Moreover, the uncertainty of hole
population is the serious problem.
As the
results, the applicability of the sum rules to the
MCD spectra is restricted.

Magnetic circular dichroism (MCD) has been
widely used for studying local magnetic states of
magnetic atom.
The transition metal (TM)platinum intermetallics with the Cu3Au-type
structure have been received interest in local
magnetic environment effect because of the
variety of magnetic ordering. Although the MCD
study of the Pt 5d-states has been already
made,[l] it is indispensable to investigate the 3dstates at the TM-sites to understand the
magnetism in this system. In this report, we
present the MCD spectrum at the TM L23-edges
in the ferromagnetic Fe3Pt and CoPt3 intermetallics. The MCD data are applied to the
sum rules[2] to separate the 3d-magnetic
moments into the spin and orbital characters.

References
[1] H.Maruyama et al:. J.Mag.Mag.Mat., 140/144
(1995) (to be published)
21 P.Carra et al., Phys.Rev.Lett. 70 (1993) 694.
3] J.G.Booth, Ferromagnetic Materials Vol.4
(ed. Wohlfarth and Buschow, North-Holland,
1988) 270.
[4] O.Erikkson et al., Phys.Rev. B42 (1990) 2707.

EXPERIMENTAL
The samples used in this study were made by
arc-melting method. The CuoAu-ordered phase
was realized by a suitable thermal treatment
and verified by X-ray powder diffraction. The
ferromagnetic Fe3Pt, CoPt3, pure Fe and pure Co
were prepared. The MCD spectrum was recorded
on the beamline NE1B in AR using the total
photoelectron yield method. We measured the
MCD signal at the L32-edges (2p->3d) of Fe and
Co.

Table I. Magnetic moments (//g) of
in this system.
ML
Ms
MT
Fe in Fe3Pt
0.05
1.30
1.35
pure Fe
0.02
0.98
1.00
Fe
0.06
2.21
2.27
Co in CoPt, 0.10
1.09
1.19
pure Co
0.12
0.98
1.10
Co
0.14
1.57
1.71

Fe and Co
Ref.
2.03[3]
[4]

1.64[3]

[4]

RESULTS AND DISCUSSION
Figure 1 shows the MCD and XAS spectra, (a)
at the Fe L32-edges in Fe3Pt, and (b) at the Co
L32-edges in CoPt3. The MCD spectrum has a
negative (positive) sign at the L3-edge (L2-edge)
in both the intermetallics. These spectra are
very similar to that of pure Fe or Co; however,
the integrated intensity decreases. These
observations indicate that Pt atom gives no
considerable influence on the magnetic states of
TM atom but possibly induces some modifications
in the spin-orbit coupling in this series.
To separate the magnetic moments into the
spin and orbital characters, the MCD and XAS
data were applied to the sum rules. [2] We
assumed that the initial electronic configuration
was 3cT in Fe and 3d8 in Co. The derived
orbital (MJ, spin (AQ, and total (MT) magnetic
moments are shown in Table I in comparison
with the data in the literature. [3] The agreement
is generally poor. For the reason, the following

700

720
Energy (eV)

Energy (eV)

Fig.l . MCD (upper) and XAS (lower) spectra, (a)
at the Fe L32-edges in Fe3Pt, and (b) at the
Co L32-edges in CoPt3.
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Search for Extremely Weakly Interacting Neutral Bosons
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The possible existence of extremely weakly interacting
neutral bosons (denoted here as X°) is conceivable under many recent particle physics theories that extend the
Standard Model. Although stringent limits exist on X°
bosons due to astrophysical and cosmological considerations, such limits depend on models of stellar evolution,
supernovae, the early Universe, etc.
In order to perform a direct search for the electroncoupling X° bosons, we have devised an entirely new
experimental method, i.e., a synchrotron light source is
used as the X° source: electrons moving in a magnetic
field should emit X° bosons as well as 7-quanta. We employed the undulator-NE3 since it has the largest brilliance in the world. This novel method has enabled us
to search for X° bosons with a sensitivity thus far unreached.
Figure 1 shows a simple diagram of the experimental
setup. The 7-quanta are stopped in the shield, while the
X° bosons pass through it. Some of the X° bosons can
be detected with the Ge detector by a process similar to
the photoelectric effect [1]. This photoelectric-like effect
is enhanced at low energies for high-Z materials, e.g. Ge
{Z = 32), because its cross section is proportional to Z5
and E^3'5 where Ex is the energy of the X° bosons.
We used a low-background Ge detector which was
shielded by lead and oxygen-free copper. Data acquisition is triggered by an energy deposition in the Ge
detector greater than 0.6 keV. One output is fed into
a peak-hold ADC to precisely measure the energy. Another is used for recording the pulse shape via a Flash
ADC at a recording rate of 100 megasamples/s.
To exclude electronic noise events, various cuts are
applied on the event's pulse shape, e.g., an event whose
maximum pulse height is below the average noise amplitude is rejected. The efficiency of these cuts is estimated
to be greater than 80% above 1.0 keV based on Compton
scattering data of 22.2-keV 7-quanta from 109Cd.
Events which synchronize with the e~ beams are denoted as "on" and those which do not are denoted as
"off." Since X° events are included in only the on
events, good time resolution is required. Using the pulse
shape information, a time resolution of 134 ns FWHM is
achieved at energies as low as 1.3 keV. Subtracting the
off spectrum from the on spectrum gives the "observed"
X° spectrum in which background events cancel out.
The "observed" X° spectrum is fitted with the expected one by freely varying the electron-coupling constant of the X° bosons axee, which is found to be statistically consistent with zero. The resultant upper limit
on ctxee at the 90%-confidence level is shown in Fig. 2(a)
as a function of the mass of X° bosons mx, where the
results clearly rule out the existence of light bosons with
axee larger than 9.2 x 10~~16. We note that our upper
limit is 10000 times more stringent than the previous upper limits from direct searches [2]. This experiment also

can set limits on new forces, mediated by scalar or vector bosons, coexisting with electromagnetism, as shown
in Fig. 2(b). The potential energy of such a force is given
by V(r) = ^-/3e~r/A where/3 = axte/<x and A = fic/mxWe note that this experiment excludes regions where previous limits are poor, A > 103, 10~3 > A > 10~6 m [3].
[1] S. Dimopoulos et ai., Mod. Phys. Lett. A 1, 491
(1986).
[2] S. Asai et a/., Phys. Rev. Lett. 66, 2440 (1991).
[3] H. Kloor et al., Phys. Rev. D 49, 2098 (1994).
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Fig. 1. Diagram of the experimental setup.
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Fig. 2. (a) The resultant upper limit on axee at the 90%confidence level in comparison to the previous upper limits from direct searches [2]. (b) Limits on new forces
coexisting with electromagnetism at the la level [3].
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Introduction
Conventional x-ray computed tomography (CT) is widely
used to diagnose many kinds of disease in clinical practice.
Whereas, synchrotron radiation (SR) x-ray CT is presently used
in scientific research to analyze the fine structure of materials,
because of its monochromatic characteristics as sufficient x-ray
flux, non-beam hardening effects, and energy spectrum
tunability [I].
Since 1991, we have been constructing a preliminary
biomedical CT system with SR to visualize the fine structure in
living animals and to detect contrast materials for quantitative
functional evaluation, such as in the assessment of the regional
blood How and metabolism of organs in correspondence with
their anatomical structuresl2, 3|.
This report describes a new monochromatic x-ray SR-CT
system which was designed and constructed to detect very low

contamination is being constructed to apply animal experiments.
Acknowledgment
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Science Research #05404037 from the Ministry of Education,
Science and Culture.
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concentration (a few |i.g/ml) of contrast materials.
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Materials and Methods
The SR-CT system is constructed at the beam line NE-5A of
the Tristan Accumulation Ring in Tsukuba (6.5 GeV. 20-30
in A, 1 T bending magnet). This system consists of a rotating xray shutter, a silicon (111) and silicon (511) double
monochromator, an x-ray slit system, a rotating object table.
768ch CCD line detector, and a computer (Fig. 1 & Table. 1). By
using the monochromator, the x-ray energy can be changed
from 30 to 52 keV without high order x-ray energy
contamination. The x-ray detector consists of BGO scintillators,
a silicon photo-diode array and signal processing units. The
dynamic range of the detector is 60000:1, and detectable width
is about 150mm, with 200 ^iin spatial resolution. Projection data
are digitized by a 16 bit A/D converter and entered into the
computer. The CT images are reconstructed by filtered back
projection methods.
Discussion
A new monochromatic x-ray SR-CT is under development in
an effort to obtain clear images and to delect very low
concentration of contrast materials by using advantages of the
properties of SR. In a preliminary experiment with an imaging
plate, we noted that it was necessary to decrease the x-ray
scatter and to prepare a detector with wide dynamic range and
high spatial resolution. In the new monochromatic x-ray SR-CT
system, the new CCD detector with wide dynamic range and the
double monochromator to eliminate high order x-ray
387
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Fig.l Schematic diagram of the monochromatic x-ray
SR-CT system

object size
spatial resolution
slice thickness
scan time
scan angle
beam energy
Table.l

150 mm width
< 0.5 mm
0.1 -3.2 mm

> 3 msec/projection
360°
30 - 52 keV

The monochromatic x-ray SR-CT
system specifications
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INTRODUCTION
The analysis using fluorescent x-ray is used to
reveal very low concentration of elements at the order of
picogram. But these measurement requires thin
specimens slices that are scanned at perpendicular to the
surface. A new fluorescent scanning (FS) x-ray
computed tomography with monochromatic x-ray from
synchrotron radiation (SR) is being developed to detect
non-radioactive contrast materials in living object like
radionuclide examinations with single photon emission
computed tomography (SPECT) [1-2]. The study was
done by a first-generation CT configuration. The results
of this FS x-ray computed tomographic experiment with
a phantom are reported.

iodine in this experiment means the excitation dose of
iodine is 100 ng. The image of the phantom filled with
2 mg/ml iodine solution is shown in Fig. 1. The
corrected image for x-ray absorption by the object
shows homogenous distribution of iodine contrast
material, whereas the image without correction of x-ray
absorplion showed inhomogeneous distribution. The
correction of x-ray absorption by the object is
indispensable to demonstrate the regional distribution of
contrast element and to perform quantitative analysis.
FS x-ray tomography can be available to detect a low
concentration of contrast material and to reveal its
distribution clearly.
Acknowledgment
This research was partially supported by a Grant-inaid for Science Research #06507002 from the Ministry
of Education, Science and Culture.

METHOD
FS x-ray computed tomography consists of a silicon
(111) channel-cut monochromator, an x-ray shutter, an
x-ray slit system, a scanning table for the target organ
and an x-ray detector with highly purified germanium
which detects fluorescent x-ray excited by synchrotron
monochromatic x ray. The experiment was carried out at
the bending magnet beam line of BLNE-5A of the
Tristan accumulation ring (6.5 GeV, 30 mA) in
Tsukuba, Japan. The energy of the monochromatic x ray
beam was adjusted to 33.37 keV.
The monochromatic x-ray beam was collimated into 1
x 2 mm2 (horizontal and vertical) using an x-ray slit
system. In the detecting portion, excited fluorescent x
ray was also collimated to 1 x 2 mm2. Data acquisition
time was 60 s in each scanning point. Data analysis was
performed only with a K a line correcting for object
absorption. FS x-ray CT image was obtained by point
scanning. A box-shaped phantom with cross ditch filled
by iodine contrast material, was scanned. Scanning step
size was set to 1 mm in both x-y directions.

References
l.Takeda T, et. al. Medical Imaging Technology
12:537-538, 1994
2.Takeda T, et. al. Rev. Sci. Instrum. 66(2) 1995 in
press

RESULTS and DISCUSSIONS
The K a , Kpi, and K^2 of fluorescent x-ray and the
Compton scattering for emitted monochromatic x ray
were observed at excitated iodine content of 4
microgram. The minimal detectable dose of 50 (ig/ml

Fig. 1 The image obtained by fluorescent scanning x-ray
tomography using a phantom
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Introduction

shows a good agreement with the present
experimental data. However, the disagreement
between calculation and observation becomes
large with increasing pressure at room
temperature. Pressure calculated by Anderson's
EOS is the slightly lower than that of NaCl
pressure scale above 6 GPa.
In order to determine the new equation of state
of gold, we have to perform further experiments
above 10 GPa and high temperature.

Sodium chloride has been widely used as an
internal pressure standard in high-P and high-T xray diffraction experiments using the multi- anvil
apparatus. The phase transition of NaCl into CsCl
structure and the recrystallization of NaCl restricts
the P-T range of experiments below 25 GPa and
1000°C. On the other hand, a recent progress of
multi-anvil device extends the experimental P-T
range over 30 GPa and 2000°C. Thus we need
establish another pressure scale.
Among many candidates, gold is the most
plausible pressure scale, because it is chemically
inert and structurally stable in wide P-T range.
However the proposed gold pressure scales 12 show
some deviation from the NaCl pressure scale. This
difference between two pressure-scales results
from the lack of the good quality compression
data of gold. The purpose of this study is to
determine the equation of state for gold based on
NaCl pressure scale.
Experiments
X-ray diffraction experiments were carried out
using the cubic type high pressure apparatus
MAX80 installed at AR-NE5 by the energy
dispersive method. The diffraction angle is fixed
at 8° or 10°. Five or more diffraction lines of gold
are observed. The number of peaks used for the
calculation of unit cell volume of gold are at least
four. In order to minimize the effect of deviatoric
stress on the volume data, two types of sample cell
assembly are used. One is a liquid cell for the
room temperature compression experiments, and
the other is a solid cell for high temperature
experiments. In the former cell, hydrostatic
pressure is assured until the freezing of liquid (up
to 10 GPa). The latter solid cell is used up to 17
GPa and 1000°C, in which the deviatoric stress is
released by the high temperature annealing.

0.95
4
6
P/GPa

10

Fig. 1. Isothermal compression curves of gold at
25°C and 400°C. Solid circles show the results of
liquid cell experiments. Open symbols are the data
points obtained by solid cell experiments. Solid
lines are calculated isotherms by Anderson et al 2 .
References
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Manghnani (Center for Academic Publishing,
Tokyo, 1982), p. 27-48
2) O. L. Anderson et al., J. Appl. Phys., 65, 15341543, 1989.

Results and Discussion
Isothermal compression curve of gold is shown
in Figure 1. Calculated isotherm by Anderson et
al 2 is also shown in Figure 1. At the low pressure,
equation of state proposed by Anderson et al 2
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Atsushi Yasuda1, Toshitsugu Fujii 1 , Takumi Kato2, Kei Kurita 3 , Jung In Chung3,
Yoshiharu Hirayama1, Akihiro Yoshino1 and Shigeaki Ono4
1 Earthquake Research I n s t i t u t e , University of Tokyo
2 Faculty of Science, Tohoku University
3 Geoscience I n s t i t u t e , Tsukuba University
4 Faculty of Science, University of Tokyo
(e.g., Stolper, 1982). Absorbances were converted
to wt% H2O using the absorption coefficient 67
liter/(mol-cm) (Stolper, 1982). The density of the
glass is assumed to be 2400g/liter.

Introduction
Viscosity of s i l i c a t e melt at high pressure
is a fundamental key to understand the behavior of
magma migration in the earth. In situ falling sphere
method using X-ray shadowgraph enables us to measure
silicate viscosities as low as 10"3 Pas at pressures
up to several GPa (Kanzaki et al.,
1987). This
method has, however, some problems such as a reaction
between a specimen and volatiles released from the
pressure medium in a practical use. In this study,
we tried to measure the viscosity of jadeitic liquid
at high pressure precisely, and we made several
improvements in the sample assembly in order to
reduce the uncertainty caused by unexpected reactions
of a specimen with the pressure medium.

Result and discussion
Figure 1 shows the v i s c o s i t y of j a d e i t e
determined in the present study. The r e s u l t s of
previous studies are also shown. Measured viscosity
at 1400±20°C and 3GPa is 2.15±0.1 in log poise.
This value is about an order of magnitude lower
then the value predicted by Persikov et al. (1989) .
This discrepancy i s possibly ascribed to the
dissolved water in the jadeitic melt. Water contents
were 0.44wt% at the center and 0.56wt% at the edge
of the recovered charge. Quantitative evaluation
of the effect of water on the viscosity of s i l i c a t e
melt is necessary as a future study.

Experiment
Synthesized glass with jadeite composition
was used as a s t a r t i n g material. This s t a r t i n g
material was finely grounded and loaded in a graphite
container. Pyrophyllite pressure medium and thermal
insulator made of ZrO2 are adopted in the present
study instead of boron-epoxy pressure medium in
order to prevent the specimen from reacting with
boron oxide derived from boron-epoxy during high
temperature runs. In situ viscosity measurements
with shadowgraph on f a l l i n g spheres at high
pressures, 2-4GPa, were performed using synchrotron
radiation at BL-13 MAX90 and AR-NE5 MAX80 stations.
Experimental procedure is essentially identical to
the previous study (Kanzaki et al., 1987).

1350 •C

^^

14O0°C

1400 °C

1500eC •

1400*C

After the run, quenched charges were examined
for H20 content using Fourier-transform infrared
spectroscopy (FTIR). The measurements were made on
doubly polished cross sections of the quenched glass,
with thickness of 130|im. FTIR spectra were collected
using a JASCO model 300 FTIR spectrometer equipped
with a JASCO Micro-20 microscope and a MCT detector
i n s t a l l e d at Earthquake Research I n s t i t u t e ,
University of Tokyo. Spectra were recorded from
1400-7900cm'', with a resolution of 4cm"1, using
10xl0|0m2 aperture to limit the area from which the
spectrum was taken.
64 scans were averaged for
each spectrum, and the height above the background
of the absorption band at 3530cm"1 was measured
from a plot of spectrum. This absorption peak is
attribute to the fundamental OH-stretching vibration
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Figure 1. Comparison between the present study and
the previous studies (Kushiro, 1976, by experiment;
Persikov et al., 1989, by calculation) on viscosity
of jadeite melt.
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SIMULATION OF SCATTERING X-RAYS FOR IMPROVING IMAGE QUALITY
IN SR CORONARY ANGIOGRAPHY
Yasunari OKU, Kazuyuki HYODO*, and Masami ANDO*
Akashi Technical Institute, Kawasaki Heavy Industries, Ltd.
* Photon Factory, National Laboratory for High Energy Physics
Introduction
In a study of coronary angiography, a two-dimensional imaging system was selected in Japan. That
employs monochromatized SR[1]. Such system is
very useful for diagnosis of the heart. However,
there exists a problem; harmful scattering x-rays
generated when passing through a patient's body may
come into an x-ray detector. They may deteriorate
the image contrast and visibility. Therefore, we need
computer simulation for scattering x-rays in order to
investigate the behavior of the scattering x-rays; a
simulation program for that purpose is under development.
Simulation and Experiment
The simulation program uses the Monte-Carlo
method. In the program, an x-ray photon is injected
repeatedly into an acrylic phantom whose thickness is
200mm, corresponding to the thickness of a patient's
body. Thomson scattering, Compton scattering and
photoelectric process were taken into consideration in
a photon energy range from lOkeV to lOOkeV. This
program gives photon position on the detector, photon
energy and the total photon number.
10

O Simulation
• Experiment

0

100

We have performed an experiment in order to verify
the simulation program, using 33.17keV monochromatic x-rays at NE5A beamlinc of AR. A result
showing a ratio of the number of scattering x-ray
photons against the number of direct x-ray photons,
both in the simulation and the experiment, is shown
in Fig.l. The simulation agrees well the experimental
data; this shows that the simulation program reflects
well x-ray scattering behavior.
X-ray Grid Effect
We have applied our simulation program to a
system with an x-ray grid. We have found as
follows; by using an x-ray grid, the direct photons
are attenuated to 34.5%, while the scattering photons
are to 9.9%, at the x-ray energy of 33.17keV which
corresponds to the above K-edge energy of Iodine.
The thickness of the grid is 1.5mm, while that an
aluminum and a lead foil is both 0.25mm. This result
shows that an x-ray grid works effectively for eliminating scattering x-rays going into the detector.
Discussion
The simulation program will be used in order to
find the best method to suppress only scattering
x-rays without significant loss of direct x-rays, and
further to find the necessary photon density of x-rays
from SR source. We will be able to improve the
design of a compact SR source dedicated to medical
applications, as proposed by the present authors[2]
using the results.
References
[1] K. Hyodo, K. Nishimura, and M. Ando: Handbook on Synchrotron Radiation, Vol.4, 55 (Elsevier
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Distance between Phantom and Detector (mm)
Fig.l Ratio of the number of scattering x-ray
photons per the number of direct x-ray photons
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PRESSURE-INDUCED PHASE TRANSITION OF ALKALINE-EARTH METAL DIS1LICIDES
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Kenichi YAOITA1 and Osamu SHIMOMURA2
National Research Institute for Metals, Tsukuba, Ibaraki 305
institute for Solid States Physics, Minato-ku, Tokyo, 106
2
Photon Factory, National Laboratory for High Energy Physics, Tsukuba, Ibaraki 305
the trigonal phase occurs about 450°C. On further
heating, peaks of the cubic phase appear about
550°C. At 750°C, a large part of the sample
transforms into the trigonal phase. However,
peaks of the trigonal phase are still observed
above 750°C. Thus, it is found that the trigonal
and the cubic phases coexist in a wide
temperature range at 2.9 GPa. The same
experiments were carried out at 7.1 GPa. With
increasing temperature, orlhorhombic BaSi2
changes into trigonal BaSi2 in the same way that at
2.9 GPa. Further heating up to 800°C results in a
new phase, which is different from the known
cubic phase. The cubic phase does not appear in
this case. The structure of new phase is now under
investigation.

I n trnduction

Barium disilicide (BaSi2) has one stable phase
with an orthorhombic structure (1) and two,
metastable phases at ambient condition. One of
the metastable phase has a cubic structure (2) and
the other has a trigonal struclure(3>. These
metastable phases are synthesized under hightemperature and high-pressure conditions. These
conditions indicate the structural phase
transition occurs under pressure in the sequence:
orthorhombic -* cubic -* trigonal. The structure
of cubic and trigonal BaSi2 are similar to the
crystal structure of period earlier alkaline-earth
metal disilicides: cubic BaSi2 has same structure
as one period earlier disilicide, SrSi2 ; trigonal
BaSi2 has almost the same structure as two
periods earlier disilicide, CaSi 2 . Thus, the
structural sequence of BaSi2 under pressure
resembles to that alkaline-earth disilicides
changes to the disilicides of the earlier elements
in group 2A like Ba —*Sr-» Ca. This relationship
in structural sequence of alkaline-earth
disilicides is opposite to that of pure elements;
the structure changes into that of the latter
element in the same group with increasing
pressure. It is interesting study why the
structural sequence of alkaline-earth disilicides
is different from that of elements. However, the
structural sequence among three phases of BaSi2
is not well known. To date, the crystal structures
were determined for quenched samples. Therefore,
we carried out in-situ X-ray measurements for
BaSi 2 at pressures up to 7.1 GPa and temperatures
up to 1000°C.
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Experimental
X-ray diffraction measurements were carried
out by a transmitting energy-dispersive method
with synchrotron radiation in AR-NE5. Powdered
sample and NaCl pressure marker were
compressed in solid pressure transmitting
medium with a multi-anvil type high-pressure
apparatus, MAX80. Pressure was evaluated from a
lattice constant of NaCl.
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and Discussion
The starting material is orthorhombic BaSi2.
The sample shows no phase transitions when
compressed up to 7.1 GPa at room temperature.
Figure 1 shows X-ray diffraction patterns in
heating process at 2.9 GPa. On heating at 2.9 GPa,
phase transition from the orthorhombic phase to
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Fig. 1 X-ray diffraction patterns in heating
process at 2.9 GPa. The symbols, o, c, I and B
represent diffraction peaks from orthorhombic
BaSi2, cubic BaSi2, trigonal BaSi2 and BN pressure
capsule,
respectively.
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A TOPOLOGICAL PHASE TRANSITION OF AgCl UNDER HIGH PRESSURE
Keiji Kusabai, Yasuhiko Syono*, Takumi Kikegawa2 and Osamu Shimomura2
1; Institute for Materials Research, Tohoku University, Sendai 980-77, Japan
2; National Laboratory for High Energy Physics, Tsukuba 305, Japan

Introduction
AgCl with the B l structure was reported to
transform to a high pressure phase, of which Xray data could not be explained by the B2
structure. The X-ray data were too poor to
determine the true structure.
The aim of the present work is to obtain using
precise diffraction data using synchrotron
radiations. The final goal of this work is to
reconsider the mechanism of the B1-B2 transition
on the basis of the pressure behavior of AgCl.
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Experiments
High pressure experiments were carried out
using a DIA type cubic anvil apparatus "MAX80"
installed at AR-NE5 in KEK. Chemical reagents
of dry AgCl (5N) and a mixture of NaCl (5N)
and BN (4N) were separately encased in a boronepoxy cubic pressure medium. X-ray diffraction
patterns under high pressure were taken by an
energy dispersive method.

(001)

Results

fofofofovo

Three high pressure phases (HPPs) were
observed in the pressure and temperature range
up to 17.5 GPa and 500°C, as shown in Fig. 1.
The B1 structure was stable up to about 8 GPa.
The HPPI was observed between 8 and 13 GPa
and it is suggested to have the KOH structure
(space group; P2i). The HPPII with the Til
structure (Cmcm) was stable between 13 and 17
GPa. The HPPIII with the B2 structure (Pm3m)
was found at 17.5 GPa and 500°C.

ooooo
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Discussion
We demonstrate that these four structures can
be described systematically using a common
monoclinic cell, and the cell parameters change
continuously from the Bl to B2 structures. A
topological mechanism by a simple deformation
is proposed to explain these transformations, in
which the [110] and [110] directions of the Bl
structure correspond to the [100] and [011] of
the B2 structure respectively.
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Fig. 1 Crystal structures of a) the B1 type, b)
the KOH type, c) the Til, d) the B2 type. Small
and large circles show Ag+ and C1-, respectively.
Broken lines show the common subcell.
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MONOCHROMATIC X-RAY CT USING FLUORESCENT X-RAYS
GENERATED BY SYNCHROTRON RADIATION
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Introduction
In medical imaging using synchrotron
radiation, such as K-edge subtraction
angiography and monochromatic X-ray CT, it is
necessary to use high intensity monochromatic
X-rays with different energies.
The fluorescent X-rays, generated by
irradiating the target materials with awhiteXray, offer a large beam
size due to its
divergent characteristics1'. The purpose of this
study is to develop an X-ray CT system using
fluorescent X-rays, to investigate its
fundamental characteristics, and to obtain
quantitative CT images.
Experiments
Fluorescent X-rays which range from about
20 keV to 70 keV are generated by irradiating
several target materials with a white X-ray
from a 6.5 GeV SR-ring in Tsukuba as shown in
Fig.l. The intensity of fluorescent X-rays are
6.2 x 10 5 ~3.0 x 10s photons / mm2 • sec • m A
at 30cm from the focal spot on the target. The
purity of theK a X-rays are improved to better
than 95% by using Kp attenuation filters.
Cylindrical phantoms filled with iodine
contrast media with different concentrations are
used for quantitative imaging objects. A total of
120 projections covering 360 degrees are
obtained by rotating the object using a 64
channel CdTe array detector (2 x 2mm2x 0.5mm
/channel) operated in photon counting mode.
Results and Discussion
Fig.2 shows examples of monochromatic Xray CT images of cylindrical phantoms filled
with iodine of various concentrations ranging
from O.lmg/ml to 80mg/ml. The measured CT
numbers calculated from the central ROI of
each image and theoretical CT numbers for low
concentration region are plotted in Fig.3. The
magnitude of the measured CT numbers are
about 30% less than the theoretical values ,
which are calculated from the attenuation
coefficients, This discrepancy suggests the
effects of scattering radiation. However, the
linearity is fairly good and quantitative CT
images without beam hardening effect may be
obtained using CT number normalization.
The fluorescent X-ray source using an SR
may be useful for quantitative, element
selective imaging.
Re fer en ce
1)C. Uyama et al., Photon Factory Activity
Report 11,426(1993).

394

Targe
-*«**-"

siu
Object

p
CdTe64ch Array
Detector

Fig. 1 Schematic diagram of monochromatic X-ray
CT using fluorescent X-ray

Fig.2 CT images of cylindrical phantoms filled with
iodine of different concentration

Thwrv

p
with col II mat or

3

Z

S
3
O

hout oollimator

2
0.15

Iodine Concentration (mg/ml)
Fig.3 The relation between measured and
theoretical CT numbers

93-CO 18
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Introduction
Chemical decomposition of mullite 3(A1 2 0 » •
2SiO 2 ) under high pressure and high temperature is studied using synchrotron x-ray
diffraction measurement. This report presents
some results for extended pressure and
temperature ranges.

j

in.it i a I d i f f r a c t i o n p a t t e r n

Experimental

after 13 m i n u t e s

The pressure was applied to the samples
using the cubic anvil high pressure apparatus
(MAX80) at AR-NE5C.
The truncation size
of the anvil top is 6mm and the pressure medium is a pyrophyllite cube with an edge length of
8mm. High purity mullite powder and sodium
chloride, which is used as a pressure marker,
were embedded in the BN lined graphite furnace separately.
Sample temperature was
monitored by a B- type thermocouple and was
increased stepwise under fixed pressure.
X- ray diffraction pattern was collected at every
constant temperature and pressure condition.

M

E N E R G Y
Fig.l. X-ray diffraction patterns of mullite
taken at 1240 °C and 5.7GPa.
M:mullite peak A:allumina peak K:kyanite peak

Results
At 3.8GP, 4.5GPa, and 5.7GPa, the chemical
decomposition of mullite was observed at around
CO
1240 °C .
At 6.5GPa, on the contrary, peaks Q.
of kyanite appeared at 1100 °C . The decomposition of mullite is represented as
3(A12
0 3 -2SiO2 ) - • 2(A12 O 3 -SiO2 )+Al 2 0 3
Figure 1 is the x-ray diffraction patterns obtained at 1240 °C and 5 7GPa. The solid line
represents the initial pattern at the P- T condition. The dotted line is a pattern collected after
13 minutes.
The decomposition of mullite or
the formation of allumina was observed dynamically. Figure 2 shows a P- T diagram concerning the stability of mullite.
At pressure
above 6GPa, the decomposition may take place
at lower temperature than that at lower
pressure.
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Fig.2. P - T diagram of mullite at high temperature and high pressure.
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STRUCTURAL MODIFICATIONS OF CaGeO 3 -WOLLASTONITE
UNDER HIGH PRESSURE AND MODERATE TEMPERATURE
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Introduction
There are possibilities that some elementary
processes of a transformation can be
observed under high pressure and at low
temperature where a phase transition to a
high pressure stable phase can not occur
kinetically. CaGeO3-wollastonite belongs
to pyroxenoid group. The arrangement of
oxygen atoms approximates close packing
in a rude way and octahedrally coordinated
Ca atoms alternate with tetrahedrally
coordinated Ge atoms between the oxygen
layers. Andrault et al. (1992)!) suggested
that the coordination change of Ge atoms
occurs in CaGeO3-wollastonite under high
pressure and at room temperature and that
the coordination change may lead to a
pressure-induced amorphization. However,
Nagai (1995)2) indicated that CaGeO3wollastonite is transformed into the
rhodonite structure at about 6 GPa and then
a perovskite polymorph appears at about 15
GPa without showing the amorphization, on
the basis of the X-ray diffraction
measurements under high pressure by using
a diamond anvil cell. The rhodonite-form of
CaGeO3 has never reported before,
therefore, the stability of the CaGeO3rhodonite was investigated in this study.

was filled with CaGeO3 powders and
powder mixture of NaCl and BN. Incident
white X-ray beam cut by slits (0.2x0.2 mm2)
was led into the sample and diffracted X-ray
through a vertical collimator and slits
(0.2x0.2 mm2) were detected by a pure
Ge-SSD. In consideration of energy range
of photons and energy dependence of
counting efficiency of Ge-SSD, 20-angle
was fixed at 3.8°. Pressure values were
estimated on the basis of the Decker's
equation of state for NaCl (Decker, 1971).
Results and Discussion
Diffraction profiles were obtained at about
6.8, 8.8 and 12.2 GPa with increasing
temperature up to 600°C. The intensities of
reflections of the rhodonite-form became
stronger in comparison with those of the
wollastonite-form from room temperature to
400 °C. After the garnet-form appears in a
run at 6.8 GPa and the perovskite-form is
detected both in a 8.8 GPa-run and a 12.2
GPa-run above 450°C, the intensities of
reflections of the rhodonite-form were
suddenly weakened. The garnet-form and
the perovskite-form are thermodynamically
stable phase reported before. This result
suggests that the CaGeO3-rhodonite is a
'kinetically metastable' phase under high
pressure. The wollastonite-rhodonite
transition progresses metastably at low
temperature where a phase transition to a
high pressure stable phase can not take
place kinetically.

Experimental
In-situ X-ray diffraction measurements were
performed under high pressure and
moderate temperature by using a cubic anvil
type apparatus (MAX80) which is installed
at the beamline AR-NE5C. In the present
study sintered diamond anvils truncated
4x4 mm square and 7x7x7 mm3 pressure
medium made from the amorphous
boron/epoxy resin were used. Carbon disks
were used as heaters and sample
temperature was monitored with an almelchromel thermocouple. A sample chamber

References
1) Andrault D., Madon M., Itie J.P., and
Fontaine A., Phys. Chem. Minerals, 18,
506(1992).
2) Nagai T., Review of High Pressure Sci. &
Tech., in press (1995).
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A NOVEL MECHANISM OF METAL-HYDRIDE FORMATION
Yuh FUKAI
Department of Physics, Chuo University, Tokyo
Phase relations and the mechanism of phase
transitions in metal hydrides under high H 2 2100
5 GPa
pressures have been investigated by in situ
5 0 0 °C
x-ray diffraction using MAX80 installed at
2 9 = 4.0"
the Accumulation Ring of KEK.
s
By a specially designed sample cell, accomodating an internal hydrogen source LiAIKU
which supplies H2 on thermal decomposition,
and a NaCI capsule impermeable to hydrogen,
£
measuring conditions up to ca. 1200°C and H 2
pressure of 7GPa were attained, and the pro5"
cess of hydrogenation of a metal sample was
.-A
r—-A_«__
studied by pursuing temporal variations of
2000
the crystal structure and the lattice para500
1500
1000
channel
meter of the hydride phase.
Fig.2 X-ray diffraction pattern of Pd hydOne of the most important discoveries in
ride at 500°C after holding at 700~80(H:
the last few years is the formation of superfor 7 h. (A) PdH, (B) PdsVacH-,.
abundant vacancies in metal hydrides, which
takes place after prolonged heat treatment
( 5 M 0 h) at high temperatures (~800°C) and
In some cases, a vacancy-ordered structure
high H 2 pressures (~5GPa). This manifests
was formed, as revealed by the appearance of
itself as a gradual decrease of the lattice
superlattice reflections. Figure 2 shows a
parameter
(by
~
1
#
)
during
the
heat
treatdiffraction pattern observed with a PdH samment 1|2>, as shown in Fig.1 for Pd hydride"
ple at 500°C after
the prolonged heat treatThis lattice contraction was retained after
ment at 800°C2). In addition to diffraction
cooling and being brought to ambient condilines from the ordinary (vacancy-free) fee
tions, and even after degassing of hydrogen
PdH, superlattice lines having simple-cubic
in vacuum. Similar lattice contraction has
indices arising from a lattice-contracted
been observed in a fairly large number of
(vacancy-orderded) phase of CusAu structure
metals ( Ni, Mn, Pd-Rh and Pd-Pt alloys,
can be clearly seen. The vacancy concentraTiH2 and ZrH2 ) and appears to be quite
tion was estimated from the relative intensgeneral.
ity of the superlattice lines to be 17 at.%,
which agrees well with 18 at. % obtained from
density measurements.
0.413
In Pd-Rh alloys, the phase separation process
was found to be dramatically accelera0.412
ted under high hydrogen pressures3'. This
indicates that the diffusivity of Rh and Pd
4> 0.411
atoms is enhanced by at least 5 orders of
magnitude as a consequence of superabundant
vacancy formation.
0.410
The phenomenon of superabundant vacancy
formation
in hydrides promises to open a new
0.409
~
perspective of research in the wide area of
metal science and is therefore believed to
0.408
be worthy of further investigations.
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Fig. 1 Temporal variation of the lattice parameter of Pd hydride at 800°C after holding
at 700~750°C for 5 h. p(H 2 ) = 5 GPa.
A possible error in-1fitting to six diffraction lines (~2xlO" nm) is inscribed.
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Introduction
X-ray diffraction for liquid Rb has been measured under pressure up to 4 GPa. Synchrotron
radiation with high brightness, high energy and
small divergence was used [1-3]. Volume dependences of static structure factor S(Q) and pair
distribution function g(R) were obtained in the
volume range v(=V/Vo)=i~0.6 to investigate the
effect of the electronic change on the ion-ion pair
potential and the structure of liquid metals.

as a function of the (v/vo) 1/f3, where vo is the
volume at atmospheric pressure. <2i shows different pressure dependences below and above 3 GPa.
Below 3 GPa it varies as expected from a uniform
compression model: Q\ changes proportionally to
u" 1 / 3 . Above 3 GPa Q\ changes slightly less than
the expectation. Packing fraction rf was estimated
from the obtained S(Q). It varies as v~0'3 below
3 GPa. Above 3 GPa it shows a larger change
with v.

Experimental

References

The experiments were carried out using a cubictype high-pressure apparatus, MAX80, installed
on AR-NE5C. To obtain S(Q), measurements at
diffraction angles 20=2, 2.5, 3, 3.5, 4, 5, 6, 8, 11
and 15° were carried out for each experimental
point. Details of the experiments and data analysis are given elsewhere[l].
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Results and discussion
Obtained S(Q) for liquid Rb at several pressures are shown in Fig. 1. With increasing pressure, the peak position shifts towards higher Q
and the height of the first peak increases. In
Fig. 2, the first-peak position of S(Q), Q\ is shown

\

i

i

r

L i q u i d Rb
3.9GPa 543K

O

2.5GPa 518K

CO

0.2GPa 371K
0.8

1.0

(v/v 0 r

0 GPa 373K

1/3

1.2

Fig. 2 The position of the first peak Q\ for liquid Rb as a function of (w/uo)~1/'3- The solid
line shows the expected values from a uniformcontraction model. The broken line shows the results for expanded liquid Rb by Freyland et al.[4]
for reference.

Fig. 1. Structure factor S(Q) of liquid Rb at several pressures.
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Takenori SUZUKI, Shun-ichi KURIHARA, Kazuo NAKAHARA
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Introduction
In order to achieve high intensity single bunch
of slow positrons for the studies of positron
plasma, polyelectron (e~/e+) systems, elementary
particle studies, and so on, we are constructing an
efficinet positron storage and extraction system.
The points are,
1) how may number of positrons can be accumulated to
obtain maximum intensity of bunch of positrons
2) how to extract the accumulated positrons by
bunchinn in time and focusing in space
How Many Positrons can be Accumulated ?
A simple way of positron storage is to use a
Penning trap. According to our experience, slow
positrons can be stored in a Penning trap of 10~ 6
Torr for 300 /j. s in a region of 10 tm<t>. This
implies that 30 sec of storage becomes possible at
10" 1 1 Torr. The storage time becomes longer if
allowed for a larger confinment space. Typical
positron intensity presently availabe is! 10 4 (RI
source) ~ 1 0 8 e + /s (electron Linac of about lkW beam
power). Using the latter value we expect accumulation of 1O 1 0 positrons.

In order to cope with the high energy of 400 eV,
the Penning trap is held at a potential of 390 eV
and the positrons enter the trap after decelerated.
After thus trapping the positrons in section 1 the
potential in section 1 is gradually raised from
upstream so that the positrons are compressed into
a small volume, and finally all the positrons are
sent to section 2. This cycle of trapping —>
compressing —> storing is repeated synchronous with
the repetition of the electron Linac operation of
20~50 pps.
How to Extract the Positrons
The stored positrons are extracted downstream.
In order to increase the positron density both in
space and time, it is necessary to give focusing and
bunching. For this purpose the extracted bunch of
positron enter into the field of an acceleration
region where a static harmonic oscillator potential
is applied. The performance of the hai'monic oscillator pote'.-.ial is to give a time bunching, but by
utilizing the discrete nature of the electrodes it
is possible to attain lenz effects, too.
Achievement during October 1993 - September 1994

Up to September 1994 desinging of the section 1
How to store the positrons
The idea of our trap is illustrated in the fig- and 2 has been carried out, and the set-up and a
ure. It is composed of two sections : section 1 for test run will be performed within the fiscal year of
trapping and condensing the positrons, and section 1994.
2 for storage. The pulse of the PF Slow Positron
Source has the time profile of 1 p. s and their
energy is around 400eV. The energy of 400 eV is
trapping/condensation
storage
high for the storage, but is suitable for trapping.
If the energy were several 10's eV, the geometrical
400 eV
length of the positron beam becomes several tens of
meters while running through the 30 meters of the
390 V
solenoid flight tube. This means that the Penning
trap must be as long. If the energy is 400±5 eV
(the energy width is just a guess at present) the
pulse length is about 40 cm.

tandem trap

Conceptual design of the
storage and extraction
of one-shot positron
bunch

Grounded

extraction using
harmonic oscillator potential
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