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Staff members and visitors of the Photon Factory gathered in front of the PF building.
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PREFACE
It is my pleasure to present the Photon Factory Activity Report No. 13, covering the
period from October 1994 to September 1995, which was a very productive year both in
terms of user's research and facility development This was the 13th year of operation
for the 2.5 GeV storage ring which became an extremely reliable light source
demonstrating as high performace as ever with 370 mA ring current, life-time of 60 hours
and emittance of 130 nmrad in the normal multi-bunch operation. In order to further
reduce the emittance and remain competitive with the third genaration rings, design work
for a major modification, the "High Brilliance Project" was pursued. In addition, efforts
to replace some of the older out-dated beamlines with new state-of-the-art beamlines
("Scrap-and-build" projects) made substantial progress. User's research was extremely
active with 399 proposals approved in 1995. High-lights of the activities in various
fields are summarized in this volume.
Research with parasitic synchrotron radiation operation of the TRISTAN Accumulation
Ring (AR) was also acitively pursued. Design work to convert the AR after die
termination of the TRISTAN project into a dedicated synchrotron radiation source,
characterized by high energy photons and single bunch operation, made progress.
Further facility development projects pursued this year include the TRISTAN Super Light
Faclity (TSLF) project which involves a three months experimental operation of the
TRISTAN Main Ring for synchrotron radiation, the VUV-Free Electron Laser project, the
Slow-positron Source for materials science research, and the upgrade of the injector linac
for the KEKB project.
Finally, I would like to note that discussions have been in progress regarding a substantial
change in the administrative structure of the laboratory. This involves the reorganization
and upgrade of the Photon Factory "facility" into an independent laboratory with the
addition of a neutron-based research section.
It is my sincere hope that this
organizational development will provide a great boost to the future progress of
synchrotron radiation research.

Motohiro Kihara
Director, Photon Factory
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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£>ositron linear accelerator, a
2.5-GeV electron^ositron 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 research fields such 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 accepted.

The organization of KEK is shown in Fig. 2.
The PF consists of three divisions: Injector Linac,
Light Source and Instrumentation. In addition, a
project team has been pursuing the usage 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 (Tables la and
lb). The term of membership is two years. The
Program Advisory Committee (PAQ consists of the
members listed in Tables 2a and 2b. They receive
proposals from users and decide priorities for the
experiments.
In Table 3 the names of the staff members are
listed in alphabetical order. Also, the numbers of
staff members and visiting scientists are summarized
in Table 4.

BUDGET AND OPERATION TIME
The budget of the PF is provided 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 1995 are shown in
Tables 7 and 8, respectively.
In Table 9, we have shown the total number of
proposals approved by the aforementioned PAC.

OVERVIEW OF THE FACILITY
The plan view of the facility is shown in Fig. 1.
The 2.5-GeV linac housed in a 450 m long
enclosure is used as an injector for both the PF
storage ring and the accumulation ring (AR) of the
TRISTAN main ring. The PF storage ring was
already equipped with the flexibility of storing
positrons in place of electrons. Parasitic operation
of the AR has been used as a high energy
synchrotron radiation source has been going on
with its bending magnets and two insertion devices.
One of the insertion devices produces elliptically
polarized radiation, and the other produces high
brilliance 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.
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Fig. 1 Plan view of the Photon Factory
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Administration Depertment
T.Kobayashi
Plant Engineering Department
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Board of
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Fig. 2

Organization of KEK
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Injector Linac
Division
Head
1. Sato

—

•

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

R-MAG

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

R-I&W

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

Light Source
Division
Head
H. Kobayakawa

Instrumentation
Division
Head
T. Matsushita

Tristan Super
Light Facility
Leader
M. Ando

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. Shtaya

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. ho, A. Yagishita, Y. Azuma
H. Kato, Y. Kitajima, E. Shigemasa, Y. Kagoshima,
T. Sekhani

I-VUV

X-rays
N. Sakabe, O. Shimomura, T. Nakajima, K. Kobayashi,
A. ltda, 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
** Chairman

Members of Advisory Council; April '94 ~ March ' 9 6

* 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, University of Tokyo
Injector Linac Division, PF, KEK
Instrumentation Division, PF, KEK
Tokyo University of Fisheries
Faculty of Engineering Science, Osaka University
Institute for Materials Research, Tohoku University

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, Shigemasa
SUZUKI, Kenji

Table 1b
** Chairman

Members of Advisory Council; April '96 ~ March ' 9 8

* Vice-Chairman

ANAMI, Shozo
FUJII, Yasuhiko
HIEDA, Kotaro
IIDA, Atsuo
ITO, Kenji
KASUGA, Toshio
KIKUTA, Seishi
KOBAYAKAWA, Hisashi
KOBAYASHI, Hitoshi
KOBAYASHI, Masanori
MAEZAWA, Hideki
MATSUSHITA, Tadashi
MITSUI, Yukio
NAKAHARA, Kazuo
OHTA, Toshiaki
OSHIMA, Masaharu
SATO, Shigeru
SHIMOMURA, Osamu
SHIOTANI, Nobuhiro
SUGA, Sigemasa
WAKABAYASHI, Katsuzo

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

Members of Program Advisory Committee; Fiscal Year ' 9 4

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

School of Engineering, Nagoya University
Light Source Division, PF, KEK
Institute for Molecular Sicnece, Okazaki Nat' 1 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 Univ.
Faculty of Bioscience and Biotechnology, Tokyo Institute of
Technology
Faculty of Science, Hiroshima University
Faculty of Science and Technology, Keio University
Institute of Physical and Chemical Research
Faculty of Engineering Science, Osaka University

Table 2b Members of Program Advisory Committee; Fiscal Year ' 9 5
* Chairman
ASHIDA, Tamaichi
JO, Takeo
KAKIZAKI, Akito
KATAOKA, Mikio
KOBAYAKAWA, Hisashi
MATSUSHITA, Tadashi*
OHSUMI, Kazumasa
OYANAGI, Hiroyuki
SAKAI, Nobuhiko
SATO, Isamu
SATO, Yukinori
TSUJI, Kazuhiko
TSUKIHARA, Tomitake
YAMAMGUCHI, Toshio
WAKABAYASHI, Katsuzo

School of Engineering, Nagoya University
Faculty of Science, Hiroshima University
Institute for Solid State Physics, University of Tokyo
Faculty of Science, Osaka University
Light Source Division, PF, KEK
Instrumentation Division, PF, KEK
Instrumentation Division, PF, KEK
Electrotechnical Laboratory
Faculty of Science, Himeji Institute of Technology
Injector Linac Division, PF, KEK
Research Institute for Scientific Measurements, Tohoku Univ.
Faculty of Science and Technology, Keio University
Institute for Protein Research, Osaka University
Faculty of Science, Fukuoka University
Faculty of Engineering Science, Osaka University
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Table 3 Staff members of the Photon Factory
Name
Research Staff

Responsibility^

e-mail address

KIHARA, Motohiro

Director

KIHARAM@ KEKVAX.KEK.jp

ANAMI, Shozo
CHOI, Jae-Young
ENOMOTO, Atsushi
FUKUDA, Shigeki
FURUKAWA, Kazuro
HANAKI, Hirofumi
KAMIKUBOTA, Norihiko
KAMTTANI, Takuya
KOBAYASHI, Hitoshi
KURIHARA, Toshikazu
MICHIZONO, Shinichiro
NAKAHARA, Kazuo
OGAWA, Yujiro
OHSAWA, Satoshi
SAITO, Yoshio
SATO, Isamu
SHIDARA, Tetsuo
SUWADA, Tsuyoshi
URANO, Takao
YAMAGUCHI, Seiya

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

ANAMI@KEKVAX.KEKJP
CHOU@KEKVAX.KEKJP
ENOMOTO A@KEKVAX.KEKJP
SFUKUDA@ KEKVAX.KEKJP
FURUKAWA® KEKVAX.KEKJP
HANAKI@ KEKVAX.KEKJP
KAMI@KEKVAX.KEKJP
KAMITANI@KEKVAX.KEKJP
HITOSHIK@ KEKVAX.KEK.JP
TKURIHAR@ KEKVAX.KEKJP
MICHIZON@ KEKVAX.KEKJP
NAKAHAR@ KEKVAX.KEKJP
OGAWAYJ® KEKVAX.KEKJP
OHSAWA@ KEKVAX.KEKJP

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, Alsuo
ITO, Kenji
IWANO, Kaoru
IWAZUMI, Toshiaki
KAGOSHIMA, Yasushi
KATO, Hiroo
KAWATA, Hiroshi
KIKEGAWA, Takumi
KISHIMOTO, Syunji
KITAJIMA, Yoshinori

L-RF
Mar. 31,96 R

Mar. 1, % L

Apr. 1, 96 L

L-Head
L-RF
L-OP
L-OP
L-RF
R-CTRL
R-CTRL
R-VAC
R-RF
R-CHNL
R-MAG
R-MAG
R-CTRL
RID
R-Head
R-VAC
R-MAG
R-CHNL
R-CHNL
R-I&W
R-CTRL
R-I&W
R-CTRL
R-RF
R-ID
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
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SHIDARA® KEKVAX.KEKJP
SUWADA@KEKVAX.KEKJP
URANO@ KEKVAX.KEKJP
SYAMA@ KEKVAX.KEKJP
HAGA@KEKV AX.KEK.JP
HONDAT@KEKVAX.KEKJP
HORI@KEKVAX.KEKJP
ISAWA@ KEKVAX.KEKJP
KAN AY A@ KEKVAX.KEKJP
KASUGAT@ KEKVAX.KEKJP
KATOHM@KEKVAX.KEKJP
KATSUR A@ KEKVAX.KEK.JP
KOBAYAKA@ KEKVAX.KEK.JP
KOBYASIMR@ KEKVAX.KEKJP
YUKJNORI@KEKVAX.KEKJP
MAEZAWAH@ KEKVAX.KEKJP
MTTSUHAS@ KEKVAX.KEKJP
NORIO@ KEKVAX.KEKJP
OHMI@KEKVAX.KEKJP
PAK@ KEKVAX.KEKJP
SAKANAKA@KEKVAX.KEKJP
TSUCHIYA@ KEKVAX.KEKJP
AMEMIY A@ KEKVAX.KEKJP
AZUMA@ KEKVAX.KEKJP
HIRANO@KEKVAX.KEKJP
HYODO@ KEKVAX.KEKJP
AIIDA@KEKVAX.KEKJP
rro@ KEKVAX.KEK.JP
IWANO@ KEKVAX.KEKJP
IWAZUMI@KEKVAX.KEKJP
KAGOSIMA@ KEKVAX.KEKJP
HIROO@ KEKVAX.KEKJP
KAWATA@ KEKVAX.KEKJP
KIKEG AW A@ KEKVAX.KEKJP
KISIMOTO@ KEKVAX.KEKJP
KIT AJIMA@KEKV AX.KEK.JP
(continued)

Name
KOBAYASHI, Katsumi
MATSUSHITA, Tadashi
MIYAHARA, Tsuneaki
MURAKAMI, Youichi
NAKAGAWA, Atsushi
NAKAJIMA, Tetsuo
NASU, Keiichiro
NOMURA, Masaharu
SEKITANI.Tetsuji
SHIGEMASA, Eiji
SHIMOMURA, Osamu
SUZUKI, Mamoru
TAKESHITA, Kunikazu
TANAKA, Ken'ichiro
TANAKA, Masahiko
TOMITA, Norikazu
USAMI, Noriko
WATANABE, Nobuhisa
YAGISHITA, Akira
ZHANG, Xiaowei
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-VUV
I-VUV
I-X
I-X
I-X
I-VUV
I-X
I-T
I-X
I-X
I-VUV
I-X
S-Leader
S
S
S
S

e-mail address
KOBAYASK@KEKVAX.KEKJP
MATSUS@KEKVAX.KEKJP
MIYAHARA@KEKVAX.KEKJP
MYOUICHI@KEKVAX.KEKJP
NAKAGAWA@KEKVAX.KEKJP
TETSUO® KEKV AX.KEK J P
KNASU@NASUWS 1 .KEK J P
NOMUR AM@ KEKVAX.KEK.JP
SEKITANI@KEKVAX.KEKJP
SIGEMASA@ KEKV AX.KEK J P
SHIMOMURA@KEKVAX.KEKJP
SUZUKI@PFWEIS.KEK.JP
TAKES HIT@KEKVAX.KEKJP
TANAKAK@KEKVAX.KEKJP
MASAHIKO® KEKV AX.KEK.JP
TOMITA@NASUWS4.KEKJP
USAMI@KEKV AX.KEK.JP
NOBUHISA@KEKVAX.KEKJP
YAGISITA@KEKV AX.KEK.JP
XIAOWEI@KEKVAX.KEKJP
ANDO@ KEKV AX.KEK.JP
KAMADA@KEKVAX.KEKJP
OHSUMIK@ KEK V AX.KEK J P
HIROSHIS@KEKVAX.KEKJP
SHIGERU@KEKVAX.KEKJP

L-CTRL
L-RF
L-RF
L-ACC
L-RF
LOP
L-RF
L-ACC
LOP
L-CTRL
L-INJ

ABEI@KEKVAX.KEKJP
KAKIHARA@KEKVAX.KEKJP
KATAGIRI@KEKVAX.KEKJP
KIE@ KEKVAX.KEK.jp
NAKAOK@KEKVAX.KEKJP
OOGOE@ KEKVAX.KEK.JP
OTAKE@KEKVAX.KEKJP
SIRAKAWA@ KEKVAX.KEK.jp
YOKOTA@KEKVAX.KEKJP

ASAOKA, Seiji
MISHINA, Atsushi
NOGAMI, Takashi
SATO, Yoshihiro
SHIOYA,Tatsuro
TADANO, Mikito
TAKIYAMA, Youichi
TOKUMOTO, Shuichi
UEDA, Akira

R-CHNL
R-CTRL
R-I&W
R-CTRL
RID
R-CTRL
R-VAC
R-RF
R-I&W

MISHTNA® KEKV AX.KEK J P
NOGAMI@KEKVAX.KEK.JP
YOSHIHIR@KEKV AX.KEK.JP
SHIOYA@KEKVAX.KEKJP
TADANO@KEKVAX.KEKJP
TAKIYAMA@KEKVAX.KEKJP
TOKUMOTO@KEKVAX.KEKJP
UEDA@KEKVAX.KEKJP

KIKUCHI, Takashi
KOSUGE, Takashi
KOYAMA, Atsushi
MIKUNI, Akira
MORI, Takeharu
OKAMOTO, Wataru
SAITO, Yuuki
SATO, Masato
TOYOSHIMA, Akio
UCHIDA, Yoshinori
Refer to Fig. 3 tor abbreviations.
Date when he/she joinded the PF.

I-TECH
I-TECH
I-TECH
I-TECH
I-TECH
I-TECH
I-TECH
I-TECH
I-TECH
I-TECH
L: Date when
R: Date when

KIKUCHI@KEKVAX.KEKJP
KOSUGE@KEKVAX.KEKJP
KOYAMA@KEKVAX.KEKJP
MIKUNI@KEKVAX.KEKJP
MORIT@KEKVAX.KEKJP
OKAMOTOW@KEKVAX.KEKJP
YSAITO@KEKVAX.KEKJP
SATOM@KEKVAX.KEKJP
TOYOSIMA@KEKVAX.KEKJP
UCHIDA@KEKVAX.KEKJP
he/she left the PF.
he/she retired from the PF.

May. 1.95L
Mar. 31,96 R
Apr. 1.95L
Apr. 1, 95 J
Apr. 1,95 L
Nov. 1.95J

Supporting Staff
ABE, Isamu
HONMA, Hiroyuki
IUIMA, Hitoshi
KAKIHARA, Kazuhisa
KATAGIRI, Hiroaki
NAKAMURA, Kie
NAKAO, Katsumi
OOGOE, Takao
OTAKE, Yuji
SHIRAKAWA, Akihiro
YOKOTA, Mitsuhiro

*:
J:

Apr. 1, 96 L
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Table 4

Annual numbers of staff & visiting scientists
1990

1
4
4
3

1
4
4
4

1
4
4
5

1
3
4
5

1
3
5
5

Associate
Professor

Injector Linac
Light Source
Instrumentation

2
5
8

1
3
7

2
3
9

3
3
7

5
5
10

Research
Associate

Injector Linac
Light Source
Instrumentation

10
8
10

11
9
13

10
12
13

10
12
14

Technical
Staff

Injector Linac
Light Source
Instrumentation

6
6
4

7
7
8

8
7
9

ON

Visiting
Scientist

Injector Linac
Light Source
Instrumentation

2
4
6
80

2
4
6
90

2
4
6
98

Total

1994

1
4
5
6

1
3
4
8

1
3
5
9

1
3
5
8

1
4
5
8

7
4
9

CO OO

1989

Professor

1993

VO

1988

1991

7
3
10

7
3
10

7
3
11

6
3
10

9
9
11

8
11
15

9
11
15

9
12
15

9
12
18

10
12
18

10
12
17

10
10
10

11
10
9

11
10
10

11
10
10

11
10
10

11
9
10

10
9
10

2
4
6
1.03

2
4
6
104

2
4
6
110

2
4
7
1 12

2
4
6
115

1
3
6
118

0
3
3
114

1
4
6
116

Table 5 Budget in each fiscal year
(in million yen)
1985
1986
Item
1987 1988 1989 1990 1991 1992 1993 1994
510 561
561 642 757 764 859
Salary
898
939 1,029
647
0
0 196
103
0
PF Storage Ring (channel, insertion device, etc.) 153 131
0
0
196 237
341 367 399
366
PF Experiments
184
190
375
366
907 962 1,078 1,107 1,107 1,042 1,015 1,096
PF Operation & Maintenance
653 820
136 141
145 145
145
140
Computer Rentals
135
136
145
145
208
258
300
308
300
175
Positron Source & Electric Plant Operation
4 1 138
253
224
214 217 231 235 240
218
Cooling System & Electric Operation
180 211
218
212
431
331 355
425 423 423
Electricity
338 381
423
418
174
86
166 302 219 171
PF-Industrial Cooperative Experiments
95
185
154
132
145
398 267 387 250 260
AR Construction and Experiments
148
145
400
B Factory (Linac Upgrade)
Miscellaneous
127 162
120 301
243
287
388
564
877
567
2,416 :1,915 3,884 3,682 4,126 4,253 4,398 4,220 4,473 4 ,653
Total
Table 6 Yearly account of beam channels
1986
1987
1988
1989
1990
1991
1992

Belonging

1985

PF
Institutes

10
1

12
1

13

Industry

4

4

15

17

Total

Table 7
Cycle

1995

1992

•—

1987

Department

00

1986

Injector Linac
Light Source
Instrumentation

1985
1
3
3
2

Position
Chief Director

20

1995
1,163
428
366
1,096
145
157
217
431
81
145
1,567
609
6, 405

1993

1994

1995

21

21

21

15
4

15

17

3

13
4

4

4

3

2

2

2

4

4

4

4

4

4

4

4

4

20

21

23

23

25

27

27

27

27

Summary of operation in FY 1 9 9 5 (April 1995 - March 1996)

(hours)
Dedicated to SR at AR

Linac

PFRing

Users' time

AR

1

1947

1803

1483

1739

1752

2

2568

2520

2048

2160

2136

Total

4515

4323

3531

3899

3888
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Table 8

Machine Tuning

IEEE?" 9 0 '

•

Users Beam Time

] SR Use of AR

[:;;:)

SR Use o! MR

b=3Beamline

Machine Study

cycle

Timetable of the Machine Operation in FY 1995.
PF:PF ring AR:TRISTAN accumulation ring
MR:TRISTAN main ring

[

UON T UE WED 1"HU

FRl

****

e*^

1

Student

Machine Tuning/Photobaking

SAT SUN MON TUE WED THU FRl

SAT SUN MON TUE WED THU FRl

5AT

SUN

Time 9 1 7 £) 17 9 1 7 9 17 9 17 9 17 9 17 9 17 9 17 9 17 9 1 7 9 17 9 17 9 17 9 17 9 17 9 1 7 9 17 9 17 9 17 9 1 7
f

Date 3/27

28

29

30

31

4/1

2

3

4

5

6

i

7

8

9

10

11

12

13

2

3

4

14

15

16

5

6

7

Linac
1

PF

Hi

AR
MR
Date

17

18 I 19

1

8

23

24

25

10

11

12

13JJ4

15

PF
AR

17

31

30

6/1

2

4

3

Warn
14

15

17

16

18

m&&&&S33

4

3

5

6

• :

"

: • • • :

; :
:

:-.::

: • _ ; • : • • :

:

X ; " ' : - ; :

: •

: - . ; .

• ;

Date

23

2

PF

AR

7

8

9

Date

2

Date

26

27

28

29

30

16

17

18

19

4

5
v

PF
AR

.

7

8

.

•

:

"

•

.

. •

15

27

28

16

17

18

30

10/1

I
:

XX
•

20

21

22

23

24

25

26

27

28

29

VM
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1

12

13

14

15

16 , 17

9

10

11
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18

19
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22

10

11

12

2

3
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wm
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3

4

5

6
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14

7l a

9
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sssss

24

25

26

27

15
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28 I 29 30
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6
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Linac
2

11

26

vv
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20
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9

_25

x>&

W4

WA
s

13
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10
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21

—..„ - . . .

:• • : ;
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8
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20
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Linac

19
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PF
AR
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19

Linac

2

30

Sex

•

2

29

m
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5
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Date 9/111 12 | 13
Linac

MR
Date

18

V/A

MR

2

28
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16

Linac
1

27

WA

\ V \

29

26

WA
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PF
AR
Date

22

W/A

9

Linac
1

21

\ \

PF
AR
Date

20

W/A

Linac

16

17

18

19 | 20

21

22

23

24

9 I 10

11

12
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Date

2

25

26
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31
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2

3

Linac
PF
AR
MR
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4

5

6

7

8

SEMINARS, MEETINGS AND WORKSHOPS
Thirty seminars were given by an in-house staff and visiting dentists who visited the PF during the period from
October 1994 to September 1995. Seven users' meetings and workshops were held during the same period,
including the annual PF symposium.

PF Seminars
Chen, C. T. (AT&T Bell Laboratories)
Advanced Soft-X-Ray Spectroscopies and Their Applications
Mouri, N. (Institute for Solid State Physics, University of Tokyo)
Physics of Solid Under High Pressure
Couprie, M. E. (LURE)
Status of the Super-ACO FEL

October 20, 1994
October 20, 1994

November 4,1994

Shinohara, K. (University of Lund)
Biological Application Soft X-ray Microscopy - Present and Future

November 18, 1994

Leckey, L. (School of Physics, La Trobe University)
Angle Resolved Photoemission Using Toroidal Display Analyser

December 16, 1994

Kosugi, N. (Institute for Molecular Science)
Vibrational Spectroscopy of Core Excited States of Simple Molecules

December 20, 1994

Sarma, D. D. (Indian Institute of Science)
Electronic Structure of and Metal-Insulator Transition in 3d Transition Metal Perovskit
Oxides

December 22, 1994

Batterman, B.W. (CHESS, Cornell University)
Present Status and Future of CHESS

January 10, 1995

Aberg, T. (Helsinki University of Technology)
Inelastic XUV Scattering: The Radiative and Radiationless Channel

January 17, 1995

Shiki, S. (Institute for Solid State Physics, University of Tokyo)
Soft X-ray and Raman-scattering Study of Solids

January 20, 1995

Samarey, F. (PF, KEK)
Neutron Diffraction Study of Bacteriorhodopsin

February 17, 1995

Lin, C.-D. (Kansas State University)
Multiple Excitations in Atoms —A New Perspective

February 21, 1995

K. Tanaka (Faculty of Science, Hiroshima Univ.)
Photochemical Surface Reactions Induced by Core-electron Excitation

February 28, 1995

Hamaya, N. (Faculty or Science, Ochanomizu University)
Mecanism of Phase Transition in Rare Earth Metals at High Pressure: Structural
Approach with the Rietveld Methos
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March 17, 1995

Hammersely, A. (ESRF)
Calibration and Testing of an X-ray Image Intensifier/ CCD Read-out Detector,
with Application to Monochromatic Protein Crystallography
Colella, R. (Physics Department, Purdue University)
Multiple Bragg Scattering and the Phase Problem

March 20,1995
April 10,1995

Yan, Y. (Institute of High Energy Physics, Chinese Academy of Science)
Design of Soft X-ray Monochromators

April 14, 1995

Schmidt-BOcking, H. (Universitat Frankfurt)
What can Atomic Collision Physics Contribute to Future Progress in Physics?

April 19, 1995

Iwano, K. (PF, KEK)
Lopsided Energy Sharing Between a Photoelectron and an Auger Electron in Solids

May 26, 1995

West, J. (RISM, Tohoku University and Daresbury Laboratory)
Molecular Photoionization Experiments at the Daresbury Synchrotron Radiation Source

June 27, 1995

Suzuki, M. (PF, KEK)
Structure Analaysis of Macrophage Migration Inhibitry Factor (MIF)

June 30, 1995

Nakagawa, A. (Gratuate School of Science, Hokkaido University)
Structure Determination of Coenzyme B12 Protein, Methylmalonyl-coenzyme A

July 21, 1995

Nagaoka, R. (Light Source Division, Sincrotrone Trieste)
Commissioning and Operation of ELETTRA and Overview of Scientific Activities at
the Sincrotrone Trieste

July 27, 1995

Hodgson, K. O. and Hedman, B. M. (Department of Chem. and Stanford Synchrotron Radiation Laboratory,
Stanford University)
Recent Development in Structural Molecular Biology Research using Synchrotron at SSRL August 4, 1995
Manuel, A. A. (Department de Physique de la Matiere Condensee, Universite de Geneve
Fermi Surface Study by Positron Annihilation and Compton Profiles

August 25, 1995

Bell, F. (Sektion Physik, Universitat Munchen)
3D-Electron Momentum Densities by (y, ey) Spectroscopy

September 4, 1995

Lama, F. (Instituto di Struttura della Materia)
Construction of the Circular Polarization Baemline in Trieste

September5, 1995

Hall. R. I. (CNRS & University P et M Curie)
Threshold Photoelectron Spectroscopy of Molecules

September 5, 1995

Cherepkov, N. A. (State Academy of Aerospace Instrumentation, St. Petersburg)
Photoionization of Polarized Atoms and Oriented Molecules

September 13, 1995

Jho, T. (Faculty of Science, Hiroshima University)
September 22, 1995
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Users' Meetings
Powder Diffraction Group Users' Meeting

December 16,1994

The 12th Photon Factory Symposium (Annual Users' Meeting)

January 12-13, 1995

Workshop on Experiments with Synchrotron Radiation at the TRISTAN MR

February 16-17,1995

Workshop on Generation and Applications of Coherent X-rays
Lectures on the Elements of Experiments with Synchrotron Radiation
Workshop on BL2 Soft X-ray Undulator Beamline

March 4-5,1995
March 15-16, 1995
July 18, 1995

The 2nd PF Slow-Positron Source Workshop

August 22, 1995

Publications
PHOTON FACTORY NEWS

ISSN 0916-0604

Vol.13, No. 1-4

GRADUATE UNIVERSITY FOR
ADVANCED STUDIES

Students in the Department of Synchrotron
Radiation Science are expected to study the basic
theory of generation of synchrotron radiation, its
characteristics, interaction of radiation with matter,
and then engage in research by utilizing various
facilities at the PF. Areas of thesis research
include the development of radiation sources,
optical elements, and instruments for diffraction,
scattering,
spectroscopy,
and
irradiation
experiments as well as exploration of new areas of
application of synchrotron radiation to science and
technology.

The Graduate University for Advanced Studies
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 Graduate 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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PROPOSAL GUIDELINES FOR
EXPERIMENTERS AT PHOTON

categories G or S and for the new comers in this field.
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: May 2, 1997 (a) and November 7,
1997 (b)
Valid terms:
from October, 1997 to September, 1998 for (a)
from April, 1998 to March, 1999 for (b)
S is the special category for those experiments
that may have extremely high scientific value and
may need much machine time. 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 present
histfier proposal orally before the PF-PAC.
Deadline and valid term are as follows:
Deadline: March 21,1997 (a) and September 19,
1997 (b)
Valid term:
from Octorber, 1997 to September, 2000 for
(a)
from April, 1998 to March, 2001 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."

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 flung 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 thisPAC.
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.
G is the category for general experiments using
synchrotron radiation. Deadlines of application and
valid terms are as follows:
Deadlines: May 2, 1997 (a) and November 7,
1997 (b)
Valid terms:
from October, 1997 to September, 1999 for (a)
from April, 1998 to March, 2000 for (b)
P is the category for preliminary experiments in
order to determine the feasibility of proposals for
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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 atKEK
andPF.
(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.

Research Field

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

(A) EXAFS

42

26

35

40

61

66

57

71

69

67

81

75

85

(B) Biology

18

18

28

28

32

38

57

61

75

89

92

121

121

(C) X-Ray

24

29

75

54

73

65

61

80

92

109

111

134

127

(D) VUV& Soft X-Ray

19

12

27

26

28

28

36

27

45

44

55

52

66

103

85

165

148

194

197

211

239

281

309

339

Total
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382 399

List of proposals accepted in FY 1995
Proposal
Number

Spokesperson

Title

95-GOOl

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

The study of the interaction of metal particles on the support
by PTRF-EXAFS at low temperature

95-G002

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

Design of active site for selective oxidation of alkane utilizing
the ensemble of main group elements and noble metals

95-G003

N. Toshima
Faculty of Engineering,
Univ. of Tokyo

Structural analysis of noble metal/light transition metal
bimetallic clusters by EXAFS

95-G004

M. Ichikawa
Catalysis Research Center,
Hokkaido Univ.

Ship-in-bottle synthesis of non-heme metal sulfide clusters
in zeolite and their EXAFS analysis

95-G006

Y. Izumi
Graduate School at Nagatsuta,
Tokyo Institute of Technology

Electrochemical synthesis of Pd and Ru Clusters on
fullerene: structures and catalysis

95-G007

M. Anpo
College of Engineering,
Univ. of Osaka Prefecture

XAFS studies on photocatalysts (Ti, V, Mo) included in the
framework of zeolites

95-G009

G. S. Yong
Department of Chemical Engineering,
Yonsei Univ.

In-situ EXAFS study on the nucleation and growth of
supported metal (Ni) catalysis

95-GOlO

T. Yamaguchi
Faculty of Science,
Fukuoka Univ.

Concentration effect on hydration number of lanthanoid (III)
ions by XAFS

95-GOll

Y. Takasu
Faculty of Textile Science and Technology,
Shinshu Univ.

EXAFS analysis of the structure of noble metal oxides with
low crystalinity

95-G012

S. Yanagida
Faculty of Engineering,
Osaka Univ.

Surface structure of quantum-confined ZnS, CdS
nanocrystallites in solution

95-G013

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

In situ XAFS studies of Co,O4 and NiCo2O4 film electrodes

95-G014

M. Matsuo
College of Arts and Sciences,
Univ. of Tokyo

XAFS study on chemical states of metallic elements at solidliquid interface

95-G015

T. Nakato
Hokkaido Univ.

XAFS analysis of layered niobates and titanates intercalated
with a ruthenium complex

95-G016

I. Nakai
Faculty of Science,
Science Univ. of Tokyo

XAFS study of sulfur and iodine extraordinary accumulated in
marine animals

95-G017

I. Nakai
Faculty of Science,
Science Univ. of Tokyo

Archaeological study of historical objects excavated in Kaman
Kalehoyuk by XAFS analyses
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Proposal
Number

Spokesperson

Title

95-G018

Y. Kawamoto
Faculty of Science,
Kobe Univ.

Local structure around rare earth ions in sulfide glasses

95-G019

H. Maniyama
Faculty of Science,
Okayama Univ.

In situ XAFS measurements on order-disorder phase transition
in Cu3Au

95-G020

S. Iwata
School of Engineering,
Nagoya Univ.

Structure analysis of non-equilibrium AuFe and AuCo ordered
alloy films grown by MBE

95-G022

I. Nakai
Faculty of General Education,
Tottori Univ.

Local structure and magnetism of amorphous alloys Y-TM

95-G024

S. Tsunashima
School of Engineering,
Nagoya Univ.

The influence of iron structure on magneto optical effect of
rare earth transition metal multilayers

95-G025

J. Kawamura
Faculty of Science,
Hokkaido Univ.

Local structure around mobile ions organic-inorganic mixed
superionic conductor grasses

95-G026

A. Kolobov
ETL,
JRCAT-NAIR

In situ EXAFS study of the structure of, and light-induced
changes in, nanostructures of amorphous chalcogenides

95-G027

H. Kageyama
Government Industrial Research Institute
Osaka

XAFS analysis of nonlinear-optical materials dispersed with
ultrafine metallic particles prepared by ion implantation

95-G028

M. Matsuura
Miyagi National College of Technology

Local structure change of ZrYAlNi amorphous alloys with two
glass transition

95-G029

A. Yoshiasa
Faculty of Science,
Osaka Univ.

A study on anharamonic vibrations in Agl by 1 K-edge EXAFS

95-G030

II. Kawazoe
Research Lab. of Engineering Materials,
Tokyo Institute of Technology

Analysis of chemical state of Tl in Tl:Nb206r6 by X-ray
absorption spectroscopy

95-G031

S. Takeda
Faculty of Science,
Kyushu Univ.

Local structure of molten IIIb-Te mixtures

95-G033

K. Koto
Faculty of Integrated Arts and Sciences,
Tokushima Univ.

EXAFS study of oxide proton conductors with perovskite-type
structure

95-G034

K. Tamura
Faculty of Integrated Arts and Sciences,
Hiroshima Univ.

The local structure of liquid Ge

95-G035

M. Inui
Faculty of Integrated Arts and Sciences,
Hiroshima Univ.

The local structure of molten AgBr-AgI mixtures
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Proposal
Number

Spokesperson

Title

95-G038

T. Matsui
School of Engineering,
Nagoya Univ.

EXAFS study on local structures of perovskite and pyrochloretype oxides

95-G039

M. Wakaki
School of Science,
Tokai Univ.

EXAFS study for the structure parameters of spinel type
compounds

95-G040

T. Usuki
Faculty of Science,
Yamagata Univ.

Short-range order of chalcogenide and chalcohalide glasses

95-G041

S. Yanagida
Faculty of Engineering,
Osaka Univ.

In-situ investigation of electronic/morphological structure of
Nd complex in solution

95-G042

H. Maruyama
Faculty of Science,
Okayama Univ.

XANES and MCXD measurements of 3rf-transition metal
compounds

95-G043

K. Oki
Interdisciplinary Graduate School of
Engineering Sciences,
Kyushu Univ.

Observation of pressure-induced 4f electron transition by high
pressure fluorescence XANES measurement

95-G044

0 . Shimomura
Photon Factory,
KEK

Study of valence fluctuation of Yb monocharcogenides

95-G045

E. R. Vance
ANSTO

X-ray absorption spectroscopy of actinides and Tc in synroc
related titanete phases

95-G047

Y. Higuchi
Faculty of Science,
Himeji Institute of Technology

X-ray crystal structure analysis of hydrogenase from sulfate
reducing bacteria

95-G048

K. Miki
Faculty of Science,
Kyoto Univ.

X-ray crystallographic studies of chitosanase

95-G049

T. Tsukihara
Institute for Protein Research,
Osaka Univ.

X-ray crystal structure analysis of single-stranded DNA binding
protein

95-G050

T. Nonaka
Faculty of Engineering,
NagaokaUniv. of Technology

High resolution X-ray structural analysis of ternary complexes
of 7a-hydroxysteroid dehydrogenase

95-G051

Y. Mitsui
Faculty of Engineering,
NagaokaUniv. of Technology

Crystallographic refinement of BphC enzyme at 1.8 A
resolution

95-G052

E. F. Pai
Faculty of Medicine,
Univ. of Toronto

Structural analysis of xanthine oxidase using X-ray
crystallography

95-G053

H. Yamaguchi
Institute for Protein Research,
Osaka Univ.

Cryocrystallography of glutathione synthetase in complex with
its intermediate

95-G054

M. Konno
Faculty of Science,
Ochanomizu Univ.

Binding sties of substrates for methionyl-tRNA synthetase
from thermits thennophilus HB8
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95-G055

Y. Yamagata
Osaka Univ.

Three-dimensional structure and function by the protein that
suppresses spontaneous mutations

95-G056

H. Kato
Institute for Chemical Research
Kyoto Univ.

X-ray crystal structure analysis of asparagine synthetase from
eschelichia coli

95-G057

T. Nishioka
Institute for Chemical Research
Kyoto Univ.

Fast data collection of glutathione synthetase with wide range
oscillation on Weissenberg camera

95-G058

T. Shirai
School of Engineering,
Nagoya Univ.

Crystal structure analysis of alkaline protease (M-protease) from
I crystal

95-G059

M. Tanokura
Biotechnology Research Center,
Univ. of Tokyo

X-ray crystallography of acid proteinase A from aspergilhis
niger var. macrosporus

95-G060

T. Horiuchi
National Institute for Basic Biology

Crystallographic study of DNA-protein interaction

95-G061

H. Morimoto
Faculty of Engineering Science,
Osaka Univ.

X-ray crystallographic analysis of the conformation change of
hemoglobin

95-G062

M. Nishiyama
Biotechnology Research Center,
Univ. of Tokyo

X-ray crystallography of sarcosine oxidase

95-G063

K. Hirotsu
Faculty of Science,
Osaka City Univ.

X-ray crystallographic study of branched-chain amino acid
aminotransferase

95-G064

M. Kusunoki
Institute for Protein Research,
Osaka Univ.

X-ray crystal analysis of B. cereus P-amylase

95-G065

N. Kamiya
Institute of Physical and Chemical Research

Crystal structure analysis of nitrile hydratase

95-G066

N. Yasuoka
Faculty of Science,
Himeji Institute of Technology

Synchrotron radiation study of electron transfer proteins from
sulfate reducing bacteria

95-G068

T. Inoue
Faculty of Engineering,
Osaka Univ.

Structural analysis of the complex between the nitrite reductase
and its electron-donnor pseudoazurin

95-G069

Y. Kai
Faculty of Engineering,
Osaka Univ.

X-ray structure analysis of RuBisCO purified from spinach
with polyethylene glycol

95-G070

Y. Katsuya
Hyogo Prefectural Instituel
of Industrica Research

X-ray crystallographic study of debranching amylase

95-G071

K. Fukuyama
Faculty of Science,
Osaka Univ.

X-ray crystallographic analysis of cytochrome be, complex

95-G072

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

Crystallographic analysis of cytochrome c-554 from
nitrosomonas europaea
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95-G073

Y. Hata
Institute for Chemical Research,
Kyoto Univ.

X-ray analysis of reaction mechanism of p. aeruginosa alkaline
protease

95-G074

E. T. Adman
Department of Biol. Struct.,
Univ. of Washington

Structural studies of nitrite reductase

95-G075

T. Yamane
School of Engineering,
Nagoya Univ.

Dynamic analysis of the interaction between hydrolases and
their substrates by the time resolved Laue method

95-G076

F. S. Mathews
Department of Biochemistry,
Washington Univ.

Crystallographic studies of the active forms of a binary and of
a ternary electron transfer complex system: methylamine
dehydrogenase

95-G077

R. Fletterick
Department of Biochemistry,
UCSF

Collection of high resolution data for the kinesin motor
domain

95-G078

R. Vale
Department of Pharmacology,
UCSF

Collection of high resolution data for the kinesin and NCD
motor domains

95-G079

X. Lee
Department of Cancer Biology,
Cleveland Clinic Foundation

Structure determination of bactericidal permeability
increasing protein

95-G080

E. F. Pai
Faculty of Medicine,
Univ. of Toronto

Structural analysis of immunoglobulin A protease using X-ray
crystallography

95-G081

M. N. G. James
Department of Biochemistry,
Univ. of Alberta

Protein crystallographic data collection on glycogen
debranching enzyme; complex of (J-lactamase TEM-1 and BLIP;
complexes of P, variants of 0MTKY3 and SGPB

95-G082

H. Moriyama
Faculty of Bioscience and Biotechnology,
Tokyo Institute of Technology

Structure analysis on heat denaturation intermediate of IPMDH

95-G083

N. Sakabe
Institute of Applied Biochemistry,
Univ. of Tsukuba

Studies on millisecond order dynamics of protein crystal
structure using synchrotron radiation

95-G084

M. Hirai
Faculty of Engineering,
Gunma Univ.

Structural properties of ganglioside/phospholipid/protein
system

95-G085

H. Okabayashi
Faculty of Engineering,
Nagoya Institute of Technology

Structural study of aggregates formed by the insect laccifer
products

95-G086

M. Kato
Faculty of Science and Engineering,
Ritsumeikan Univ.

Effect of pressure on the solution structure of globular proteins
by small-angle X-ray scattering

95-G087

S. Nojima
Japan Advanced Institute of Science
and Technology, Hokuriku

Crystallization behavior of block chains in microdomain
structure of poly(e-caprolactone)-polystyrene diblock copolymer

95-G089

N. Matsushima
School of Allied Health Profession,
Sapporo Medical College

Solution X-ray scattering of porcine amelogenin
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95-G090

N. Matsushima
School of Allied Health Profession,
Sapporo Medical College

Solution X-ray scattering of a-zein from maiz and oc-gliadin
from wheat

95-G091

Y. Sano
National Food Research Institute

Reconstitution process of tobacco mosaic virus by timeresolved small-angle scattering

95-G092

T. Fujisawa
Institute of Physical and Chemical Research

Time resolved study on the submit dissociation of oligomeric
proteins measured by one-dimensional ring cathode detector

95-G093

M. Kataoka
Faculty of Engineering,
Osaka Univ.

Solution structures of acid partially-denatured state of RNase HI

95-G094

M. Hirai
Faculty of Engineering,
Gunma Univ.

Structural study of thermotropic phase transition of lysozyme

95-G095

K. Ichimura
Dokkyo Univ. School of Medicine

Static and kinetic studies on structural change of transferrin
molecule on recognition and allosteric effects

95-G096

S. Takemori
Jikei Univ. School of Medicine

Molecular structure changes induced by ATP hydrolysis
products and their analogues in isolated skinned fibers of
skeletal muscle

95-G097

H. Sakaguchi
National Institute of Materials and
Chemical Research

Phase transition and structural change of self assembled
glycerophospholipids

95-G098

T. Hamanaka
Faculty of Engineering Science,
Osaka Univ.

X-ray diffraction studies on the light induced structural change
of firefly squid visual cell

95-G099

Y. Igarashi
Dokkyo Univ. School of Medicine

Structural kinetic studies on the nucleotide binding to GroEL
by using stopped-flow X-ray scattering

95-G100

I. Hatta
School of Engineering,
Nagoya Univ.

Structural formation of water molecules on lipid membranes

95-GI01

1. Hatta
School of Engineering,
Nagoya Univ.

Simultaneous X-ray diffraction and deferential scanning
calorimetry in the study of phase transitions of polymers

95-G102

N. Yagi
School of Medicine,
Tohoku Univ.

Measurement of the axial repeat in the thick filament of skeletal
muscle

95-G103

K. Horiuchi
Oita Medical Univ.

Contraction of mammalian slow skeletal muscle fibers on
photorelease of ATP

95-G104

T. Sano
Faculty of Science,
Hiroshima Univ.

Kinetic studies on the mechanism of the interaction between the
molecular chaperone and the target proteins by stopped flow
X-ray scattering method

95-GI05

H. Kihara
Physics Laboratory,
Kansai Medical Univ.

Role of heme protein folding of hemeproteins using fragmental
peptides

95-G106

H. Kihaea
Physics Laboratory,
Kansai Medical Univ.

Solution structure of a thermostable chaperonin from bacillus
stearothermophilus and its comparison with GroEL form E. coli

95-G107

H. Kihara
Physics Laboratory,
Kansai Medical Univ.

X-ray scattering studies of stable and kinetic intermediates in
the folding of the alpha subunit of tryptophan synthase and
dihydrofolate reductase
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95-Gl09

K. Wakabayashi
Faculty of Engineering Science,
Osaka Univ.

Precise X-ray diffraction studies of the actin and myosin
filaments during muscle contraction

95-Gl 10

K. Wakabayashi
Faculty of Engineering Science,
Osaka Univ.

X-ray solution scattering studies on conformational changes of
the myosin head and actomyosin complex during activity

95-Gl 11

K. Hieda
College of Science,
Rikkyo Univ.

Terminal structures DNA strand breaks induced by K-shell
excitation and ionization of phosphorus

95-GJ 12

N. Miyoshi
Fukui Medical School

Detection of radical species produced by monochromatic X-ray
irradiation of BrdU molecules in nucleas of a cell

95-Gl 13

H. Mori
School of Medicine,
Tokai Univ.

Clinical application of micro-angiogram by monochromatic
synchrotron radiation

95-Gl 14

H. Kato
National Institute of Radiological Sciences

Basic research on diagnosis of cancer using synchrotron radiation
imaging

95-Gl 15

J. D. Wang
Photon Factory,
KEK

Observation of helical structures with an imaging microscope
using circularly polarized soft X-rays

95-Gl 16

H. Kihara
Physics Laboratory,
Kansai Medical Univ.

Microspectroscopic elemental analysis on brain tissue of some
diseases by X-ray zooming tube

95-Gl 17

K. Ohshima
Institute of Applied Physics,
Univ. of Tsukuba

Study on direct observation of ferroelectric microregions in
KTNbO

95-Gl 18

M. Kobayashi
Faculty of Science,
Himeji Institute of Technology

Temperature dependence of the crystal structure for alkali-doped
C70

95-Gl 19

K. Ohsumi
Photon Factory,
KEK

Crystallographic study on interplanetary dust particles

95-Gl20

O. Shimomura
Photon Factory,
KEK

Measurement of electron density distribution of Yb
monopnictides and Yb monocharcogenides

95-Gl21

N. Arai
Faculty of Science,
Kobe Univ.

Study on spin-peierls transition of CuGeO,

95-Gl23

T. Ohba
School of Science and Engineering,
Teikyo Univ.

Structure factor measurements near martensitic transformation
temperature in AuCd alloy

95-Gl24

M. Sakata
School of Engineering,
Nagoya Univ.

Crystal structural analysis in the electron level of the fullerene
compounds by the maximum entropy method

95-Gl25

M. Sakata
School of Engineering,
Nagoya Univ.

Study of structural phase transition by imaging of X-ray
diffraction data

95-Gl26

S. Kawasaki
Faculty of Textile Science and Technology,
Shinshu Univ.

Measurement of minute powder X-ray diffraction pattern of
, C70Fx
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95-G127

N. Kashiwakura
Faculty of Engineering,
Gifu Univ.

CTR scattering study of elastically bent crystal surface

95-G128

N. Ohnishi
Institute for Materials Research,
Tohoku Univ.

Crystal structure of zeolites LTA and FAU containing
transition metal clusters

95-G129

T. White
Ian Wark Research Institute,
Univ. of South Australia

Complete structure solution of zirconolite doped with
neodymium/ytterbium and thorium/magnesium

95-G130

S. Kohjiya
Institute for Chemical Research,
Kyoto Univ.

In situ observation of inorganic-organic hybrid formation
by the Sol-Gel process

95-G131

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

Counterion condensation and conformation of flexible
polyelectrolytes in solution

95-G133

J. B. Parise
Earth and Space Sciences,
SUNY

Structure of the high pressure polymorphs of portlandite,
Ca(OH),

95-G134

O. Ohtaka
Faculty of Science,
Osaka Univ.

In situ observation of high-temperature and pressure phase
transition of ZKX

95-G135

A. Onodera
Faculty of Engineering Science,
Osaka Univ.

Phase relation of low-cristobalite at high pressure and high
temperature

95-G136

A. Onodera
Faculty of Engineering Science,
Osaka Univ.

Pressure-induced structural phase transition in AlSb

95-G137

N. Kojima
College of Arts and Sciences,
Univ. of Tokyo

High pressure X-ray study on the crystal structure of the
perovskite-type mixed-valence complexes Cs2Au1X6 (X=C1,
Br, I)

95-G138

K. Takemura
National Institute for Research in
Inorganic Materials

Singularity in the hep structure under high pressure

95-G139

H. Yusa
National Institute for Research in
Inorganic Materials

High-pressure powder X-ray diffraction experiments on cesium
iodide

95-GI40

S. Endo
Research Center for Extreme Materials,
Osaka Univ.

Crystal structures of two high pressure phases of solid H2S

95-G141

S. Endo
Research Center for Extreme Materials,
Osaka Univ.

Determination of the crystal structure of a high pressure phase
ofTiO,

95-G142

K. Akimoto
School of Engineering,
Nagoya Univ.

Lattice strains at the metal-semiconductor interface

95-G143

X. Jiang
BSRF
Institute of High Energy Physics

Investigation of interfacial structures of 5-doped semiconductors
and amorphous multilayers
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95-G144

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

Crystal surface structure analysis by absolute reflectivity
measurement

95-G145

K. Akimoto
School of Engineering.
Nagoya Univ.

Ordered structure at the SiGe interface

95-G146

R. Uno
College of Humanities and Sciences,
Nihon Univ.

Independent determination of the temperature factor of As in
GaAs powder sample

95-G147

S. lida
Faculty of Science,
Toyama Univ.

Characterization of micro-defects in silicon crystals by high
energy synchrotron radiation topography

95-G148

T. Hondo
Institute of Low Temperature Science,
Hokkaido Univ.

Measurements of dislocation velocities in ice close to the
melting temperature

95-G149

K. Kojima
Faculty of Liberal Arts and Science,
Yokohama City Univ.

Dislocation structures and motions in organic crystals

95-G150

K. Mizuno
Faculty of Science,
Shimane Univ.

Determination of nature of dislocation loops generated at hightemperature

95-G151

K. Nakayama
National Research Laboratory of Metrology

Absolute measurement of lattice spacing by bond method

95G152

S. Kikuta
Faculty of Engineering,
Univ. of Tokyo

Research and development of nuclear scattering X-ray optics

95-G153

K. Namikawa
Tokyo Gakugei Univ.

Study of X-ray parametric scattering stimulated by an intense
laser

95-G154

K. Sakurai
National Research Institute for Metals

Depth analysis of trace elements in thin films by grazing
incidence X-ray fluorescence using SR

95-G155

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

Polarization analysis of ATS scattering of FeS :

95-G156

Y. Waseda
Institute for Advanced Materials Processing,
Tohoku Univ.

Determination for cation distribution of (Co, Ni, Zn) Fe2O4
spinels by the anomalous X-ray scattering method

95-G157

Y. Iwasa
Japan Advanced Institute of Science and
Technology, Hokuriku

Search for novel C^ compounds and structure analysis

95-G158

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

Crystal structures and phase transitions of higher fullerenes

95-G159

N. Shimojo
Institute of Community Medicine,
Univ. of Tuskuba

A novel method to evaluate heavy metal toxicity by
nondestructive SR-XRF analysis

95-G160

H. Ino
Faculty of Engineering,
Univ. of Tokyo

XMCS study of the magnetic moment of Stn v in metals
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95-G161

Spokesperson

Title

X-ray circular magnetic dichroism study of the magnetic
J. Chaboy
Instituto de Ciencia de Materiales de Aragon moment localization on Rh atoms in Fe-Rh alloys
CSIC-Univ. cfe Zaragoza

95-G162

T. Masujima
School of Medicine,
Hiroshima Univ.

Establishment of X-ray photoacoustic analysis and development
of detection method at higher time resolution

95-G163

K. Ishibashi
Faculty of Engineering,
Kyushu Univ.

Study on the optimization of superconducting tunnel junctions
for X-ray detection

95-G164

Y. Kashiwase
School of Engineering,
Nagoya Univ.

Development of detector and thin-film mirror for nuclear
resonance filtering

95-G165

S. Ito
Radioisotope Research Center,
Kyoto Univ.

Development of two-dimensional position-sensitive
proportional counter for high-energy X-rays provided from the
single-bunch operation mode

95-G166

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

Evaluation of wolter mirror for X-ray microbeam

95-G167

T. Kron
Newcastle Mate-Hospital,
Univ. of Newcastle

Use of synchrotron radiation for the study of the variation of
dose response of thermoluminescence dosimeters with X-ray
energy

95-G168

M. Chiba
Faculty of Science,
Tokyo Metropolitan Univ.

Study of multi-photon annihilation processes in positronium

95-G169

C. Kennard
Department of Chemistry,
Univ. of Quneensland

SAXS studies of dental cement

95-G170

C. Kennard
Department of Chemistry,
Univ. of Quneensland

The location of dopants in kaolinite

95-G172

C. Kennard
Department of Chemistry,
Univ. of Quneensland

Superlattice formation in iron-chromium and iron-nickel
alloys

95-G173

Y. Kagoshima
Photon Factory,
KEK

Observation of magnetic domains of transition metals and their
alloys with a soft X-ray MCD microscope

95-G174

M. Ito
Faculty of Engineering,
Doshisha Univ.

Measurement and analysis of the coherence of soft X-ray S R
from an undulator with a homodyne photon correlation
spectroscopy

95-G175

N. Yamada
Univ. of Electro-Communications

X-ray absorption spectroscopy of Y|.xPrxBa2Cu4O8 near
oxygen K-absorption edge

95-G176

K. Ichikawa
College of Engineering,
Univ. of Osaka Prefectures

Resonant X-ray emission spectroscopy in CeO: and CeF,

95-G177

H. Sato
Faculty of Science,
Hiroshima Univ.

Resonant photoemission spectroscopy of MnY (Y=S, Se, Te)

95-G178

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

Dissociation dynamics of BF3 after Fls excitation
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95-G179

M. Oura
Institute of Physical and Chemical Research

Study of electronic correlation in two-electron system

95-G180

H. Nanba
Faculty of Science,
Univ. of Tokyo

Surface reconstruction induced by photoexcitation of adsorbates

95-G181

K. Maki
Faculty of Science,
Yokohama City Univ.

Chemical state analysis on surface of metal oxide compounds
and their thin films by soft x-rays excited photoelectron
spectroscopy

95-G182

H. Kato
Photon Factory,
KEK

Surface electronic structures of transition-metal-adsorbed
oxygen-deficient TiO2 and NiO single crystals

95-G183

K. Hanada
Graduate School of Science,
Univ. of Tokyo

Evaluation of the device to measure the electron temperature
with high time resolution in high temperature plasma

95-G184

C. Y. R. Wu
Dept. of Physics & Astronomy,
Space Sciences Center,

High-resolution, high-temperature absorption spectroscopy of
C2H2 and opotics-free electron spectroscopy

use
95-G185

T. Miyahara
Photon Factory,
KEK

Measurement of spatial coherence and estimation of emittance of
synchrotron radiation

95-G186

K. Nakagawa
Faculty of Science,
Kobe Univ.

Radiation effects of circularly polarized synchrotron radiation for
biomolecules with chirality

95-G187

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

Study of the Rf-Mo, Pd-Mo bimetal catalysts repared from the
planar hereoplolyanion [MMo6O24]8 by EXAFS

95-G188

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

Investigation on the structures of polytitanosiloxanes and SiGy
TiG\ ceramics

95-G190

H. Wakita
Faculty of Science,
Fukuoka Univ.

XAFS analysis of thermochromic transition metal complexes

95-G191

A. Yoshiasa
Faculty of Science,
Osaka Univ.

Anharmonic interatomic potentials of tutile, a-quartz and
vitreous GeO2 determined by EXAFS

95-G192

K. Awaga
College of Arts and Sciences,
Univ. of Tokyo

Crystal structures and magnetic properties of layered copper
hydroxy salts

95-G193

S. Sugiyama
Faculty of Engineering,
Tokushima Univ.

Effects of the structure of apatites on its lattice ion-ion
exchanges

95-G194

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

A study on the local structure of magnetic particle in transparent
alumina matrices

95-G195

T. Nasu
Faculty of Education,
Yamagata Univ.

Study on the inorganic clusters formed by the simultaneous
evaporation with the organic compounds
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95-G196

R. Ryoo
Department of Chemistry,
KAIST

High temperature investigation of small Pt clusters supported
on zeolite

95-G197

R. Ryoo
Department of Chemistry,
KAIST

Structural characterization of Pt-based bimetallic clusters
supported on KL zeolite

95-G198

H. Yamashita
College of Engineering,
Univ. of Osaka Prefectural

XAFS studies on metal ion clusters included in semiconductor
photocatalysts

95-G199

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

EXAFS studies on the structure of VO complex for oxidation
catalysts prepared inside zeolite

95-G200

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

Characterization of novel catalysts based on supported
homonoulear and heteronuclear gold cluster by XAFS

95-G201

T. Tanaka
Faculty of Engineering,
Kyoto Univ.

Structural study of Yb complexes as stable lewis acids in
organic synthesis

95-G202

T. Mukoyama
Institute for Chemical Research,
Kyoto Univ.

X-ray absorption spectroscopy on the shake processes in
lanthanoid compounds

95-G203

T. Ishioka
Faculty of Science,
Toyama Univ.

Coordination structure around the Zn cation in zinc salts of
fatty acids

95-G204

S. Tsunashima
School of Engineering,
Nagoya Univ.

The analysis of controlled structural anisotropy by sputtering
condition in RE/TM multilayers

95-G205

T. Moriga
Faculty of Engineering,
Tokushima Univ.

XAFS study on structure of Li,.xNiO2 substituted by Mn

95-G206

A. Morikawa
Faculty of Engineering,
Tokyo Institute of Technology

Investigation on coordination sphere of rare-earth cations in
zeolite cavity

95-G209

I. Ouchi
Faculty of Engineering,
Tottori Univ.

Microstructure of alloy films including CoCr by means of
XAFS

95-G210

R. Ryoo
Department of Chemistr,
KAIST

Local Atomic structure of titanium during crystallization of
Ti-NaY zeolite

95-G211

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

The structure determination of metal particles in HOPG by
polarized XAFS spectroscopy

95-G212

H. Maeda
Faculty of Science,
Okayama Univ.

EXAFS study on the anharmonic interatomic potentials of
Cu-halides

95-G2I4

N. Hamaya
Faculty of Science,
Ochanomizu Univ.

Valence measurement using XANES for Pt at pressure-induced
phase transition
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95-G215

A. M. Paez
Faculty of Chemistry,
Univ. of Sevillia

Coupled EXAFS study of YBr3 solutions by measuring
the edges of both ions

95-G216

O. Shimomura
Photon Factory,
KEK

Study of valence fluctuation of NaCl type rare earth phosphides

95-G217

S. Yanagida
Faculty of Engineering,
Osaka Univ.

In-situ investigation of electronic/morphological structure of Nd
complex in solution

95-G218

K. Kawamura
Faculty of Science,
Tokyo Institute of Technology

Local Arrangement around rare-earth elements doped in PHB
glasses

95-G219

O. Haruyama
Faculty of Science and Technology,
Science Univ. of Tokyo

Study on the structure change of amorphous alloys associated
with the reversible structural relaxation by anomalous X-ray
scattering

95-G220

M. Takahashi
Inst. of Scientific and Industrial Research
Osaka Univ.

Study of corrosion resistance of thin films in the TiN-AIN
system by the yield XAFS method

95-G221

Y. Takeda
School of Engineering,
Nagoya Univ.

Fluorescence EXAFS study on local structure around Er doped in
InP matrix

95-G222

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

The local structures of the dionedioxime complex evaporated
films for the third order nonlinear optics

95-G223

1. Watanabe
Faculty of Science,
Osaka Univ.

Analysis of deposited thin film by conversion electron yield
XAFS method

95-G224

T. Yamaguchi
Faculty of Science,
Fukuoka Univ.

In situ XAFS of different oxidation states of trinuclear Ru
cluster complexes

95-G225

M. Izumi
Tokyo Univ. Mercantile Marine

Fluorescence XAFS on single crystal of long-chainalkyl
[EDT-TTF(SC18)2]2I,

95-G226

Y. Izumi
Graduate School at Nagatsuta
Tokyo Institute of Technology

Study on Rhl0Se cluster catalysts for ethanol synthesis from
CO2

95-G227

T. Shiota
Electrotechnical Laboratory

XAFS study of MBE-grown CuInSe2 thin layer

945G228

T. Shiota
Electrotechnical Laboratory

Molecular and electronic structural analysis of rare earth
complexes by XAFS upon their selective chemical reaction
with necleic acids

95-G229

K. Kawamura
Faculty of Science,
Tokyo Institute of Technology

Study on local arrangement of poled tellurite glasses

95-G231

A. Nishijima
National Institute of Materials and
Chemical Research

Genesis of hydrocracking activity on boron-added Ni-Mo and
Ni-W hydroprocessing catalysts studied by XAFS

95-G232

A. Nishijima
National Institute of Materials and
Chemical Research

XAFS study on electronic structure of perovskite oxide
La,.ACoO, (A = Sr, Ce)
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95-G233

Spokesperson
T. Matsui

Title
EXAFS study on local structures of fluoride uranium oxides

Nagoya Univ.
95-G234

A. Yoshiasa
Faculty of Science,
Osaka Univ.

Interatomic potentials of stishovite, (J-quartz and vitreous SiO,
determined by EXAFS

95-G235

A. Itoh
College of Science and Technology,
Nihon Univ.

Microstructure analysis of oxide magnetic materials by EXAFS

95-G236

Y. Nakata
Inst. of Scientific and Industrial Research,
Osaka Univ.

Structure Analysis of Ti-Ni amorphous alloys

95-G237

N. Sakabe
Institute of Applied Biochemistry,
Univ. of Tsukuba

Evaluation and application studies of novel protein data
collection system with newly constructed large size of IP
reader

95-G238

I. Tanaka
Faculty of Science,
Hokkaido Univ.

X-ray crystal structure analysis of DNA-binding domain of
OmpR protein of E.coli

95-G239

I. Tanaka
Faculty of Science,
Hokkaido Univ.

Thermal stabilization of DNA binding protein HU

95-G240

A. Nakagawa
Graduate School of Science,
Hokkaido Univ.

Structure analysis of Macrophage migration inhibitory factor

95-G241

K. Miki
Graduate School of Science,
Kyoto Univ.

X-ray crystallographic studies of aldehyde reductase

95-G243

K. Fukuyama
Faculty of Science,
Osaka Univ.

X-ray crystallographic analysis of the intermediates of
arthromyces ramosus peroxidase

95-G244

H. Yamaguchi
Institute for Protein Research,
Osaka Univ.

X-ray structure analysis of m-hydroxybenzoate-4-hydoroxylase

95-G245

H. Morimoto
Faculty of Engineering Science,
Osaka Univ.

The application of the time-resolved Laue method to the
conformation change of hemoglobin

95-G246

0 . Nureki
Graduate School of Science,
Univ. of Tokyo

X-ray crystallography of RecA'DNA complex

95-G247

J. R. Shen
Institute of Physical and Chemical Research

X-ray crystal structure analysis of photosystem II membrane
protein supramolecular complex

95-G248

H. Matsuzawa
Faculty of Agriculture,
Univ. of Tokyo

Analysis of acquisition mechanism of allosteric characteristic
of L-lactate dehydrogenase from lactobacilli

95-G249

K. Hirotsu
Faculty of Science,
Osaka City Univ.

Reaction mechanism of aspartateaminotransferase

95-G350

W. Wolodko
Department of Biochemistry,
Univ. of Alberta

The crystal structures of succinyl-CoA synthetase and CoA
transferase
G-30

Proposal
Number

Spokesperson
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95-G251

T. Jardetzky
Department of Biochemistry,
Northwestern Univ.

Structural studies of the high affinity IgE receptor

95-G252

T. L. Bullock
Structural Studies Division,
MRC Laboratory of Molecular Biology

Subfilament structure of the nematode sperm motility protein,
MSP

95-G253

S. Hasnain
Daresbury Laboratory

Crystallographic study of copper proteins involved in electron
transfer and denitrification

95-G254

S. -X. Lin
UHUL

Crystallographic studies of human 17P-hydroxysteroid
dehydrogenase

95-G255

M. W. Parker
SVIMR

Structural studies of detoxifying enzymes

95-G256

M. W. Parker
SVIMR

Structural studies of membrane-associating proteins

95-G257

R. W. Pickersgill
IFR
Reading Laboratory

Elucidation of the structure of glycosyl-hydrolases and pectic
enzymes

95-G258

T. L. Blundell
Department of Crystallography,
Birkbeck College

Structure, function and engineering of proteinases

95-G259

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

Weissenberg data collection of p-galactosidase from E. coli

95-G260

E. N. Baker
Dept. of Chemistry and Biochemistry
Massey Univ.

Structures of proteins of Alcohol and carbohydrate metabolism

95-G261

G. -Y. Lu
College of Life Sciences,
Peking Univ.

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

95-G262

T. Konno
Graduate School of Natural Science,
Kobe Univ.

Solution X-ray scattering studies on subunit-assembly
properties of hemoglobin and nAChR

95-G263

M. Iwakura

X-ray solution scattering studies of circular and circular
permuted dihydrofolate reductase

95-G264

K. Akasaka
Faculty of Science,
Kobe Univ.

Solution X-ray scattering studies on non-native structures of
SSI and apomyoglobin

95-G265

N. Sasaki
Faculty of Science,
Hokkaido Univ.

Molphological change of bone mineral during calcification of
connective tissue physiological and pathological calcification

95-G266

Y. Muroga
School of Engineering,
Nagoya Univ.

Change in the radius of gyration accompanied by conformational
transition of a-tropomyosin

95-G268

Y. Sano
National Food Research Institute

Studies on functional properties of tobacco mosaic virus RNA

95-G269

Y. Goto
Faculty of Science,
Osaka Univ.

Structural characterization of thermal unfolding state of proteins
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95-G270

N. Niimura
Japan Atomic Energy Research Institute

The initial stage of bio-macromolecule (DNA, Lysozyme, BPTI)
crystallization

95-G271

M. Kataoka
Faculty of Science,
Osaka Univ.

Solution structure of PYP (Photoactve Yellow Protein) and its
change upon illumination

95-G272

M. Kataoka
Faculty of Science,
Osaka Univ.

Effects of deletions on the structure and stability of proteins -In
the case of staphylococcal nuclease

95-G273

Y. Izumi
Faculty of Engineering,
Yamagata Univ.

Solution structures of calmodulin/target peptide complex
- effects of target peptides with systematically substituted sites

95-G274

Y. Izumi
Faculty of Engineering,
Yamagata Univ.

Comparative study of solution structures between yeast and
vertebrate calmodulin

95-G275

V. J. James
Department of Biophysics,
School of Physics,
Univ. ofN.S.W.

Synchrotron X-ray diffraction study of the changes in collagen
from the dermal layer of the breast with ageing and breast cancer

95-G276

H. Sugi
School of Medicine,
Teikyo Univ.

Studies on the molecular mechanism of fall in tension
following a decrease in stretch velocity in active skeletal
muscle fibers

95-G278

K. Ema
Faculty of Science,
Tokyo Institute of Technology

Dimensional crossover and finite-size effect in the gel to
liquid-crystalline phase transition of lipid bilayer membranes

95-G279

N. Yagi
School of Medicine,
Tohoku Univ.

Ca-induced structural changes in the thin filament

95-G280

N. Yagi
School of Medicine,
Tohoku Univ.

X-ray diffraction study on single muscle fibers using
a multipole wiggler beamline

95-G281

N. Usami
Photon Factory,
KEK

Distribution of cleavage site produced by inner-shell
photoabsorption of iodine in iodinated oligonucleotide

95-G282

A. Yokoya
Japan Atomic Energy Research Institute

Characteristics of degradation of sulfur-containing amino acids
in aqueous solution with sulfur K-shell photoabsorption

95-G283

K. Shinohara
Tokyo Metropolitan Institute of
Medical Science

Elemental and molecular analyses of mammalian cells by
X-ray contact microscopy with an electronic zooming tube

95-G284

A. Ito
Faculty of Engineering,
Tokai Univ.

Measurements of XANES spectra for biomolecules and its
application to molecular imaging in a mammalian cell

95-G285

K. Tokumori
Faculty of Dentistry,
Kyushu Univ.

Study on digital dental radiography using monochromatic
X-ray generated by synchrotron radiation

95-G286

S. Hasegawa
Tokyo Institute of Polytechnics

Development of life size energy subtraction X-ray television
system for coronary angiography and estimation of image
qualit
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95-G287

E. Tanaka
School of Medicine,
Tokai Univ.

Utilization of small vessel angiography by monochromatic
synchrotron radiation for cancer diagnosis

95-G288

H. Mori
School of Medicine,
Tokai Univ.

Distribution of intramyocardial blood flow and vascular density
evaluated by monochromatic synchrotron radiation evoked
X-ray fluorescence spectrometry

95-G289

T. Takeda
Institute of Clinical Medicine,
Univ. of Tsukuba

Development of transmit and fluorescent X-ray computed
tomography for biomedical diagnosis

95-G290

T. Takeda
Institute of Clinical Medicine,
Univ. of Tsukuba

Aortographic coronary arteriography with synchrotron radiation

95-G291

T. Akatsuka
Faculty of Engineering,
Yamagata Univ.

Development and experimental study of scattering computed
tomography for biological diagnosis

95-G292

H. Marayama
Faculty of Science,
Okayama Univ.

Alternating circularity and MCD measurements using diamond
phase retarder

95-G293

S. Sasaki
Research Laboratory of Engineering,
Tokyo Institute of Technology

Study on valence fluctuation by X-ray anomalous dispersion

95-G294

H. Ino
Faculty of Engineering,
Univ. of Tokyo

XMBS study of the temperature dependence of Sm v moment in
metals

95-G295

M. Ito
Faculty of Science,
Himeji Institute of Technology

Development of X-ray magnetic diffraction experiments with
phase retarders

95-G296

M. Ito
Faculty of Science,
Himeji Institute of Technology

Orbital and spin magnetic moments of ferromagnets by X-ray
magnetic diffraction

95-G297

A. Iida
Photon Factory,
KEK

Research of development of wavelength dispersive X-ray
fluorescence analysis

95-G298

Y. Amemiya
Photon Factory,
KEK

Measurements of dielectric constant anisotropy of materials
using a tunable X-ray polarimeter

95-G299

Y. Gohshi
Faculty of Engineering,
Univ. of Tokyo

Decay measurements of X-ray excited optical luminescence

95-G30O

N. Haga
Faculty of Science,
Himeji Institute of Technology

Michrobeam analysis of trace elements of zonal structure in rockforming minerals

95-G301

T. Hirokawa
Faculty of Engineering,
Hiroshima Univ.

SRXFA of trace rare-earth elements
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95-G302

A. Kawahara
Faculty of Science,
Okayama Univ.

Structure determination of fukalite

95-G303

F. Toda
Faculty of Engineering,
Ehime Univ.

X-ray structure analysis of organic crystals with very small sizes
of host-guest inclusion compounds

95-G304

H. Ohsato
Faculty of Engineering,
Nagoya Institute of Technology

Epitaxial growth of GaN of SiC substrates

95-G305

S. Tsunekawa
Institute for Materials Research,
Tohoku Univ.

Study on ferroelastic domains by micro-area X-ray diffraction

95-G306

K. Koyama
Faculty of Integrated Arts and Science,
Tokushima Univ.

Magnetic correlation in

95-G307

H. Yamaguchi
Electro Technical Laboratory

X-ray diffraction study on superlattice structure in tetragonal
La 2l Sr x Cu0 4

95-G308

K. Suzuki
Faculty of Engineering,
Yokohama National Univ.

Magnetic structure analysis of quasi-two-dimensional magnet
(GdS), 2(|TaS2 by X-ray magnetic scattering

95-G309

M. Arai
Faculty of Science,
Kobe Univ.

Study on oxide superconductorLa2xSrICu04

95-G310

H. Kawada
Photon Factory,
KEK

Magnetic structures of organic complexes (BEDT-TTF)
(FnTCNQ) studied by X-ray magnetic scattering

95-G311

Y. Murakami
Photon Factory,
KEK

Ordering of change and spin in perovskite compounds of Mn
oxide

95-G312

N. Suzuki
Univ. of Elector Communications

Structural study of physisorbed film by means of X-ray CTR
scattering

95-G313

Y. Takeda
School of Engineering,
Nagoya Univ.

X-ray CTR scattering study on Hetero-Epitaxially grown
AlGaP/InP and AlGaP/InAs interface-structures

95-G314

Y. Takeda
School of Engineering,
Nagoya Univ.

X-ray CTR study on Er 5-doped layer in InP

95-G315

H. Kawamura
Faculty of Science,
Himeji Institute of Technology

Pressure-induced structural phase transition of II-VI compound

95-G316

A. Onodera
Faculty of Engineering Science,
Osaka Univ.

Search for post-NaCl type high pressure phase in III-V nitrides

G-34
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Proposal
Number

Spokesperson
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95-G317

O. Shimomura
Photon Factory,
KEK

Pressure induced structural phase transitions and valence
transitions of NaCl type rare-earth compounds

95-G318

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

In situ X-ray observation of the multi-component silicate system
under high temperature and high pressure

95-G319

I. Shirotani
Faculty of Engineering,
Muroran Institute of Technology

Structure and valence fluctuation of La,.xCexRu4P|: at high
pressure

95-G320

I. Shirotani
Faculty of Engineering,
Muroran Institute of Technology

Study of X-ray diffraction of PrP and PrRu4P12 at low
temperatures and high pressures

95-G321

T. Fukamachi
Faculty of Engineering,
Saitama Institute of Technology

Dynamical diffraction when the real part to X-ray polarizability
is zero

95-G322

N. Kamijo
AIST,
Osaka National Research Institute

Fabrication and testing of hard X-ray sputtered-sliced zone
plate (II)

95-G323

S. Sasaki
Research Lab. of Engineering Materials,
Tokyo Institute of Technology

Electron density distributions in high-Tc oxides

95-G324

Y. Kudo
Faculty of Science,
Tohoku Univ.

Effect of pressure on the crystal structure of phase E,

95-G325

S. Tsukui

Analysis on Crystal structure of twin-free oxide high-Tc
superconductors

Univ. of Osaka Prefecture
95-G326

H. Yoshida
Faculty of Technology,
Tokyo Metropolitan Univ.

Structure formation dynamics of polymers by the simultaneous
differential scanning calorimetory and X-ray scattering method

95-G328

T. Kanaya
Institute for Chemical Research,
Kyoto Univ.

Insitu SAXS experiments at isothermal crystallization of the
weakly crosslinked i-PP

95-G329

Y. Nishimura
Osaka National Research Institute

Characterization of ion clustering in solid polymer electrolyte

95-G330

Y. Muroga
School of Engineering,
Nagoya Univ.

Investigation of local conformation polyelectrolyte by
SOR-SAXS

95-G331

Y. Udagawa
Research Inst. for Scientific Measurements,
Tohoku Univ.

Determination of bethe surfaces by X-ray compton-raman
scattering

95-G332

K. Uosaki
Faculty of Science,
Hokkaido Univ.

In situ structural study of semiconductor single crystal
electrode/electrolyte solution interfaces by X-ray absorption
spectroscopy at atomic level
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95-G333

A. Yoshiasa
Faculty of Science,
Osaka Univ.

High-pressure and high-temperature XAFS study on debye-waller
factor in GeOs

95-G334

N. Ishizawa
Research Lab. of Engineering Materials,
Tokyo Institute of Technology

Structures of double-perovskite-type compounds La:/,Ta;O6
and La2/3Nb2O6

95-G335

Y. Soejima
Faculty of Science,
Kyushu Univ.

Structure analysis using EDAFS of super lattice diffraction in
PbZrO,

95-G336

F. Marumo
College of Humanities and Sciences,
Nihon Univ.

Distribution and amount of oxygen diffects in CaLnA104
(Ln: Gd, La, Y)

95-G337

H. Yamaoka
Institute of Physical and Chemical Research

Characterization of mosaic Si crystals with 100 keV synchrotron
radiation

95-G338

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

A structural analysis of F-type Al-Cu-Ru single quasicrystals by
X-ray anomalous scattering

95-G339

W. Ustsumi
Japan Atomic Energy Research Institute

In situ observation of graphite to diamond transformation using
a catalyst

95-G340

I. Shirotani
Faculty of ENgineering,
Muroran Institute of Technology

Structural anomaly of one-dimensional platinum complexes
at high pressure

95-G341

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

Exploring research on a new high pressure and high temperature
phase of iron

95-G342

K. Nishikawa
Faculty of Education,
Yokohama National Univ.

Study on clustering of supercritical solution systems

95-G343

Y. Masumoto
Institute of Physics,
Univ. of Tsukuba

Small angle X-ray scattering of clusters and microcrystals of
Cul and CuBr

95-G344

K. Osamura
Faculty of Science,
Kyoto Univ.

Structure change during phase decomposition in metallic
materials

95-G345

T. Hashimoto
Graduate School of Engineering,
Kyoto Univ.

Phase transition and structure formation in block polymers

95-G346

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

Structure change of solution induced by electric field and
the effect of polymer as additive

95-G347

K. Hasegawa
College of Engineering,
Hosei Univ.

Test of integrating type PSPC
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95-G348

T. Cho
Institute of Physics,
Univ. of Tsukuba

Extension of a new theory of semiconductor X-ray detector
sensitivities, and its experimental verification and applications

95-G349

K. Hirano
Photon Factory,
KEK

Phase-contrast X-ray computed tomography with an X-ray
interferometer

95-G350

K. Namikawa
Tokyo Gakugei Univ.

Spectroscopic study of magnetic multilayer films by means of
X-ray magnetic resonant scattering

95-G351

M. B. Salamon
Department of Physics,
Univ. of Illinois

Direct detection of coherent RKKY oscillation in a Co/Ir
superlattice

95-G352

M. Koike
Electrotechnical Laboratory

Experimental characterization of bragg-fresnel X-ray optical
devices

95-G353

T. Matsushita
Photon Factory,
KEK

Structural analysis of the electrode/electrolyte interface by
the X-ray standing wave method

95-G354

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

High-resolution X-ray scattering from mesoscopic structures in
mechanofusion alloys and mesoporous solids

95-G355

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

Magnetic X-ray absorption in the Fe-Rh alloys

95-G356

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

Magnetic circular dichroism in Fe4N

95-G357

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

X-ray magnetic EXAFS in Dy-Fe alloys

95-G358

T. Iwazumi
Photon Factory,
KEK

Magnetic circular dichroism in fluorescent X-ray profiles

95-G359

T. Iwazumi
Photon Factory,
KEK

Magnetic circular dichroism study of carbon based organic
magnet

95-G360

J. Chaboy
CSIC,
Univ. of Zaragoza

X-ray circular magnetic dichroism investigation of the influence
of hydrogen absorption on the local magnetic moments in R-M
intermetallics (R = rare earth; M = transition metal)

95-G361

B. O'Neill
Institute for Solid State Physics,
Univ. of Tokyo

Study of garnet-rich complex compositions at lower mantle
conditions

95-G362

T. Yamanaka
Faculty of Science,
Osaka Univ.

The kinetic study of the dehydration of hydrous minerals under
pressure
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95-G363

K. Kusaba
Institute for Materials Research,
Tohoku Univ.

Pressure-induced phase transition of FeS

95-G364

N. Hiramatsu
Faculty of Science,
Fukuoka Univ.

USAXS observation of bio-related materials with mesoscopic
structure

95-G365

S. Nakai
Faculty of Engineering,
Utsunomiya Univ.

95-G366

T. Mitsuishi
Faculty of Engineering,
Utstinomiya Univ.

3p-5d core-level resonant photomission of heavy rare-earth
compounds

95-G367

T. Hayashi
Institute of Applied Physics,
Univ. of Tsukuba

Post-collision interaction effects induced by auger cascades in
rare gases

95-G368

H. Ishii
Faculty of Science,
Tokyo Metropolitan Univ.

Resonant photoemission spectroscopy of PrBa;Cu,O7 and related
oxides

95-G369

E. Shigemasa
Photon Factory,
KEK

Study on molecular shape resonances using an angle-resolved
photoelectron-photoion coincidence technique

95-G370

T. Kojima
Institute of physical and Chemical Research

Photoionization and photodissociation of molecular ions

95-G371

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

Surface structure analysis by photoelectron diffraction in an
electron energy range of 100-400 eV

95-G372

Y. Ouchi
School of Science,
Nagoya Univ.

NEXAFS studies on the surface structure of organic thin films
for liquid crystal alignment

95-G373

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

Developments and applications of small d-spacing multilayer
elements for soft X-rays

95-G374

K. Seki
School of Science,
Nagoya Univ.

Study of evaporated films of dyes, organic semiconductors, and
other electronically functional organic molecules using polarized
NEXAFS spectroscopy

95-G375

H. Kihara
Kansai Medical Univ.

Energy resolved study of photoelectron micro-imaging

95-G376

Y. Takeda
School of Engineering,
Nagoya Univ.

EXAFS study on local-structure around Si doped in AlGaAs

95-G377

Y. Kitajima
Photon Factory,
KEK

XAFS measurements with variable surface sensitivity by exit
angle dependent fluorescence yield

resonant emission spectra in S-K absorption threshold

G-38

Proposal
Number

Spokesperson

Title

95-G378

K. Akimoto
Institute of Materials Science,
Univ. of Tsukuba

EXAFS analysis of defects in semiconductors

945G379

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

Anisotropic anharmonic vibration of the surface metal-CI
bonds on Cl-adsorbed Ni and Cu single crystals

95-G380

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

Shape change in the white line peak of Pd L>, edge induced
by adsorbed and absorbed hydrogen

95-G381

M. Taniguchi
Faculty of Science,
Hiroshima Univ.

Studies of electronic structures of trigonal and amorphous Se

95-G382

H. Miki
Faculty of Science and Engineering
Science Univ. of Tokyo

Correlation of the electron state at step edge on Pt surfaces and
the NO chemisorption state

95-G383

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

Piezoreflectivity of A1:O,

95-G384

K. Akimoto
Institute of Materials Science,
Univ. of Tsukuba

Characterization of semiconductor interface by photoemission
spectroscopy

95-G385

T. Sekitani
Faculty of Science,
Hiroshima Univ.

Surface photochemical reaction of alochols by core electron
excitation

95-G386

N. Ueno
Faculty of Engineering,
Chiba Univ.

Local photochemical decomposition of organic molecular
thin films core electron excitation

95-G387

K. Maeda
Faculty of Education,
Kumamoto Univ.

High-resolution measurement for absolute photoabsorption
cross sections of Ba

95-G388

M. Taguchi
Faculty of Science,
Tohoku Univ.

Absorption profile measurements at 121.567 nm/121.534 nm
attained by hydrogen/deuterium absorption cells

95-G389

Y. Aiura
Elecrtotechnical Laboratory

Photoemission of LaxSr,.5Ti03 single crystals

95-G390

A. Tanaka
Graduate school of Science,
Tohoku Univ.

Photoemission studies of Ce/V

95-G391

M. Iwami
Faculty of Science,
Okayama Univ.

Angle resolved photoemission spectroscopy of 6H-SiC polar
surfaces

95-G392

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

Interaction of oxygen with alkali metal on Si( 111) 7 x 7
surface

G-39
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95-G393

Angle-resolved photoemission study of porous Si
Y. Suda
Faculty of Technology,
Tokyo Univ. of Agriculture and Technology

95-G394

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

ARUPS study of the surfaces electronic structures of LaB6
andCeB6

95-G395

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

Angle-resolved photoemission spectroscopy of CoPt3 single
crystal

95-G396

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

Spin-resolved photoemission spectroscopy of Fe and Co/Au
system

95-G397

T. Mizoguchi
Faculty of Science,
Gakushuin Univ.

Electronics structures of ferromagnetic transition metal thin film
on GaAs

95-G398

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

Spin-polarized photoemission of transition-metal pnictide
itinerant ferromagnets

95-G399

Y. Saitou
Japan Atomic Energy Research Institute

2p core resonance and magnetic circular dichroism in spin
resolved photoemission of ferromagnetic nickel

95-G400

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

3p and 2p resonant photoemission of V:O3

95-G401

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

Electronic structures of quasicrystal Al-Cu-Fe studied by soft
X-ray emission and absorption spectroscopes

95-G402

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

Soft X-ray emission and resonant photoemission study of
Sr2RuO4

95-G403

A. Hartmann
Surface Science and Technology,
Univ. of New South Wales

Electronic structure of low resistance Ga- and High resistance
Cu-doped chemical vapour deposition grown ZuO films

95-G404

G. J. Russell
School of Physics,
Univ. of New South Wales

Electronic structure of HTSC crystal from NEX AFS and PES

95-G405

H. Sato
Faculty of Science,
Hiroshima Univ.

Soft X-ray emission of alkali halides

95-G406

N. Yamada
Univ. of Elector-Communications

X-ray absorption polarization analysis for PrBa2Cu,O7 near
oxygen K-absorption edge

95-G407

K. Ito
Photon Factory,
KEK

Photoelectron spectroscopy of molecular hydrogen in the
energy region of doubly excited states

G-40
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95-G408

Y. Morioka
Institute of Physics,
Univ. of Tsukuba

Analysis of potential energies of diatomic molecule ions

95-G409

J. B. West
Research Inst. for Scientific Measurements
Tohoku Univ.

Inner valence electron spectroscopy of CO and high resolution
resonance measurements on CO2

95-G410

Y. Baba
Japan Atomic Energy Research Institute

X-ray photochemical reaction in condensed phases at low
temperature by inner-shell resonant excitation

95-G411

T. Koide
Photon Factory,
KEK

Magnetic circular dichroism in metallic magnetic superlattices
and multilayers prepared by on MBE technique

95-G412

T. Koide
Photon Factory,
KEK

Magnetic circular dichroism in oxides and halides of 3d metals
and valence-fluctuating Ce compounds

95-G413

K. Okuno
Faculty of Science,
Tokyo Metropolitan Univ.

Study of circular dichroism in double photoionization of rare
Gas atoms

95-G414

A. Fujimori
Faculty of Science,
Univ. of Tokyo

Photoemission magnetic circular dichroism of ferromagnetic
transition-metal oxides

95-G415

S. Tsunashima
School of Engineering,
Nagoya Univ.

The analysis of magnetic polarization at interface of
NiFeCo/Cu multilayers by MCD

95-G416

T. Kurihara
Photon Factory,
KEK

Damage recovery of Cr implanted A12O,

95-P001

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

Exploitation of the liquid-solid interface EXAFS method in the
hard X-ray region

95-P002

Z. Y. Wang
Faculty of Engineering,
Tohoku Univ.

A small-angle X-ray scattering study on the aggregate
structures of pigments from photosynthetic bacteria

95-P003

S. Tsunashima
School of Engineering,
Nagoya Univ.

A study of MCD on Gd in Gd/Fe multilayers

95-P004

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

Phase transition of Tl2Nb20<^6 under high pressure

95-P005

M. Koike
Electrotechnical Laboratory

Experimental characterization of monochromatizing- and
focusing- X-ray devices

95-P007

K. Yakushi
Institute for Molecular Science

Crystal structure of conductive phthalocyanine crystal under
high pressure
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95-P008

K. Akimoto
Institute of Materials Science,
Univ. of Tsukuba

Band discontinuity measurements by photoelectron spectroscopy

95-P009

H. Yokoyama
Electrotechnical Laboratory

Synchrotron X-ray diffraction and reflection studies of
langmuir monolayers of azobenzene derivative

95-P010

H. Takechi
Fukuoka Institute of Technology

Structural analysis on soft ferrite treated by mechanical
alloying

95-P0I1

I. Nakai
Faculty of Science,
Science Univ. of Tokyo

XAFS analysis of deintercalated LiMO2 (M = Ni, Co)

95-P012

H. Kihara
Kansai Medical Univ.

High resolution topography of dislocations in silicons by use
of X-ray zooming tube

95-P013

T. Hashimoto
College of Arts and Sciences,
Univ. of Tokyo

Variation of crystal system of BaPblxBix03.o on composition
and its effect on conduction behavior

95-P014

S. Saeki
Faculty of Engineering,
Fukuoka Univ.

Development of perfect crystalline polymer in the vicinity of
zero gravity state

95-P015

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

Phase transformation of quasicrystal under the high pressure
and high temperature

95-P016

H. Kihara
Kansai Medical Univ.

Unfolding and refolding kinetics of adenylate kinase by means
of stopped-flow X-ray scattering

95-Y001

K. Iinuma
NEC Corp.

Soft X-ray lithography, photo-chemical reaction experiments
and X-ray optics

95-Y002

S. Kaida

XAFS study of nickel hydroxide

95-YOO3

K. Kubodera
Interdisciplinary Research Lab.
NTT

Materials analysis using synchrotron radiation

95-Y004

S. Sato
Fujitsu Laboratories Ltd.

Exposure tests by synchrotron radiation in BL-17A, BL-17B,
andBL-17C

95-Y005

K. Suzuki
Central Research Laboratory,
Hitachi Ltd.

BL-8A; soft X-ray diffractometry, X-ray absorption spectroscopy,
soft X-ray microprobe. B; EXAFS experiments, total reflection
measurement. C; lithography, microprobe experiments,
micro X-ray diffractometry

95-Y006

K. Tanaka
Mitsui Toatsu Chemicals, Inc.

XAFS analysis of metal catalysts for polymer synthesis

95-Y007

M. Sagara

The structural analysis of Ru-Sn catalysis by XAFS

95-Y008

S. Sato
Fujitsu Laboratories Ltd.

Exposure tests by synchrotron radiation in BL-17A, BL-I7B,
andBL-17C
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95-Y009

K. Suzuki
Central Research Laboratory,
Hitachi Ltd.

BL-8A; soft X-ray diffractometry, X-ray absorption spectroscopy,
soft X-ray microprobe. B; EXAFS experiments, total reflection
measurement. C; lithography, michoprobe experiments,
micro X-ray diffractometry

95-Y010

K. Iinuma
NEC Corp.

Soft X-ray lithography, photo-chemical reaction experiments and
X-ray optics

95-C001

Y. Ohishi
Tsukuba Research Laboraty,
Sumitomo Chemicals, Inc.

Small angle X-ray scattering study for dynamical strucutre
Change of Polymers

95-C002

S. Kimura
Microelectronics Research Laboratories,
NEC. Corp.

95-COO3

M. Imafuku
Advanced Materials & Technology
Research Laboratories,
Nippon Steel Corporation

95C-004

S. Kawado
Research Center,
Sony Corp.

Developement of precies characterizaion techuniques for
semicconductor

95-C005

S. Nakagawa
Kawasaki Heavy Industries, Ltd.

Basic study of diagnostic applications of SR monochromatic X-rays
to medicine

95-C006

S. Yasuami
ULSI Reserach Center,
Toshiba Corp.

Analysis of microscopic structures using synchrotron radiation

95-C007

H. Hashimoto
Toray Research Center

Studies of melts by means of XAFS

95-C008

K. Ogawa
Fuji Photo Film Co., Ltd.

Local structure analysis of photographic silver halides

95-C009

N. Ishikawa

95-C010

Y. Iketaki
Research Development Corporation of Japan

95C011

T. Akai
Mitsubishi Chemical Corp.

XAFS studies of metal catarysts for polymer resin synthesis

95-C012

K. Sudo
Mitsui Toasu Chemicals, Inc.

Strucural Studies on complexes used for liquied phase
autoxidation by XAFS

95-C013

K. Murakami
Nicon Corp.

Characterization of X-ray multilayer reflecting mirrors using
synchrotron radiation

95-C014

S. Komiya
Fujitsu Laboraes Ltd.

Structure analysis of thin film interface

95-C015

K. Kuroda
Central Research Laboratory,
HitachLtd.

Study of X-ray Imaging
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95-C016

S. Okude
NKK Corp.

Chemical state determination based on synchrotron radiation

95-C017

M. Ohsawa
Fuji Electric Corporate Reserach
and Deelopment, Ltd.

Highly sensitive structure analysis of thin films by synchrotron
Radiation

95-C018

T. Kiyokura
Interdisciplinary Research Laboratory,
NTT

95-C019

D. Amano
Sumitomo Heavy Industries, Ltd.

Basic research on the design study of insertion devices

95-C020

A. Komura
Hitaachi Zosen Corp.

Development of monochromator for high brilliance Synchrotron
Radiation
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Introduction

INTRODUCTION

The Photon Factory at the National Laboratory for
High Energy Physics is a national user's facility for
scientific research utilizing synchrotron radiation.
User's proposals for experiments utilizing synchrotron
radiation at the Photon Factory are accepted
internationally from any interested party. The facility is
funded and operated by the Monbusho (Japanese
Ministry of Education, Science, Sports and Culture).
The organization consists of three divisions, the
Injector Linac Division, Light Source Division and the
Instrumentation Division. Altogether the Photon
Factory operates the linear injector, two light sources
including the 2.5 GeV storage ring and the 6.5 GeV
TRISTAN Accumulation Ring as well as a major
fraction of their beamlines and experimental stations.

The TRISTAN Accumulation Ring (AR) is the
injector for the TRISTAN Main Ring which is an
electron-positron collider for high energy physics
research. Parasitic operation of the AR at 6.5 GeV for
synchrotron radiation started in 1987. Two insertion
devices have been installed and 6 experimental stations
have been built. Research projects utilizing the unique
characteristics of this light source, high energy and
single bunch operation have been actively pursued at
the AR. From next year, replacement of the TRISTAN
Main Ring with the KEKB facility and the upgrade of
the injector LINAC will free the AR from operation as
an injector. Possibilities of the subsequent conversion
of the AR into an upgraded dedicated light source are
being considered.

The construction of the main facility, the 2.5 GeV
dedicated storage ring started in 1978 and user's
experiments started in 1982. Now in the 13th year of
operation, this ring has become an extremely reliable
light source with very high performance. Currently the
ring is filled up to 370 mA, with the life-time of 60
hours and an emittance of 130 nmrad in normal multibunch operation. Usually injection is done once a day
in the morning. In order to further reduce the emittance
down to 27 nmrad and remain competitive with third
generation rings, the "High Brilliance Project" has been
underway. This involves adding 34 new quadrupole
magnets and 32 new sextupole magnets to the storage
ring. The installation is scheduled for a 9 months shutdown in 1997.

User's research has been extremely active with
399 proposals approved in 1995. Highlights of the
activities in various fields are summarized in the
"Scientific Disciplines" chapter.
Further facility development projects currently in
progress include the following.
TRISTAN Super Light Facility (TSLF) Project:

A three months experimental operation of the
TRISTAN Main Ring (MR) for synchrotron radiation
with very high brilliance (TRISTAN Super Light
Facility) is scheduled for late 1995. This involves
lOGeV operation of the MR to achieve extremely low
emittance and the usage of a 5.2 meter long undulator.
All of the beamline components including the
monochromator have been designed, fabricated and
installed.
VUV-FEL Project: Development of a shortwavelength free electron laser in the vacuum ultraviolet region has been continuing since 1992 at the BL2
straight section of the 2.5 GeV Photon Factory storage
ring.
KEKB Project: The Injector Linac Division of
the Photon Factory takes the responsibility to upgrade
the Injector Linac for the KEKB project. The Bfactory, which is the biggest future project for KEK, is
a new high-energy electron-positron collider with
asymmetric energies of 8 GeV and 3.5 GeV. The

As of 1995, 61 experimental stations are in
operation at the 2.5 GeV storage ring and the
construction of new stations still continues. Recently,
efforts to replace some of the older beamlines with
outdated designs by new state-of-the-art beamlines
have been in progress ("Scrap-and-build" projects).
Such beamlines include BL4C for X-ray magnetic
Bragg scattering, BL6B for protein crystallography,
BL12C for XAFS, BL16B high resolution 24m SGM,
and BL18C for powder diffraction in non-ambient
conditions.
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upgrade of the Linac (presently 2.5 GeV) is necessary
to supply beams at the required energies.
Slow-positron Source: A group in the Injector
Linac Division has been developing a slow-positron
source, for potential applications in materials science
research. A slow positron flux of 1 x 108 e7s has been
achieved with a 2.0 GeV, 2-kW primary electron beam
from the linear injector.

been operating three experimental stations, BL18A,
BL19A and BL19B.
Research Center for
Spectrochemistry of the University of Tokyo has
operated their own experimental stations BL7A, and
BL7B for many years and has mostly conducted surface
science research. Research on advanced material
characterization has been conducted at BL13 as
collaborative projects between the Photon Factory and
NIMC. Four industrial companies, NTT, Hitachi, NEC
and Fujitsu have been operating their beamlines. The
Australian National Beamline Facility has also been
successfully commissioned.

Collaborative research has been as active as ever this
year. Synchrotron Radiation Laboratory of the Institute
for Solid State Physics of the University of Tokyo has
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Scientific Disciplines
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Angular distributions of 1 so photoelectrons from fixed-in-space molecules at
the shape resonance for a parallel transition.
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A. ELECTRONIC PROPERTIES OF
CONDENSED MATTERS (Soft X-Rays)

and XPS is that it gives a good S/N ratio of the
obtained signals even using incident photons with very
good energy resolution and good polariztion characteristics. For instance a very small difference beteen O Is
absorption spectra at different temperatures was detected to study magnetic transition in LaCoO 3 (94G361). A small concentration dependence was also
observed in La!_ x Sr x CuO 2.5 (94-G361), where polarization dependence was measured for a one-dimensional
organic compound.

In FY 1995, modification of linear polarization into
circular polarization was accomplished in the low
photon energy region below 30eV (94-G180), though
circularly polarized light in the VUV and soft x-ray region produced by a helical undulator continued to be
used for studies on magnetism. Polarization technique
has been used also in emission spectroscopy to clarify
whether the memory of the polarization of the incident
light is preserved or not in the emitted light. In future
the polarization analysis of emitted light will have more
chance to be used to study various relaxation processes
following core excitations.

Total photoelectron yield method has been also
employed instead of real XAS measurements especially
when the real absorption measurement is difficult due
to the thickness or the surface roughness of samples. It
was used both for ordinary XAS measurement (95G374) and magnetic circular dichroism (MCD)
measurement (95-G411).
Some other activities have made their purposes focused not on the electronic or atomic structure of materials but on determination of the inelastic mean free
path of photoelectrons in solids (94-G365) or on the
depth profile analysis of ion implanted layers (95G410).
An excellent attempt was made on the MCD
microscope (95-G173) using a zone plate, where Ni 2p
core level was measured with a partial photoelectron
yield detected instead of real XAS.
In addition to the activities mentioned above great
effort has been made to perform so-called high resolution photoelectron spectroscopy using an electron energy analizer SES200. Some primary studies have been
carried out at BL3B and at BL2B under the proposal
No. 92-S002. The typical overall resolution was 40 meV
at the 4d-4f giant resonance region of rare earth elements. More than 20 samples were the target of the studies at low temperature (typically 20 K). The results are
not included in this volume but will be presented in the
next volume

Photon stimulated desorption (PSD) following inner-shell excitation has become a much more popular
and established technique compared in FY 1994. Some
discussions have been presented on how the excess
energy is delocalized or remains localized before breaking a chemical bond (95-G410, 94-G360).
Angle resolved photoemission has been employed
basically in two directions. One is to map the bulk and
surface band structures in the k space in various materials (94-G191, 94-G186, 94-G366, 95-G384), where the
photoelectrons were assumed not to be diffracted after
excitation. The other is to study surface structures by
observing the diffracted photoelectrons (94-G189, 95G374, 94-G368, 94-G198). These two aspects are complementary because the electronic structure depends on
the atomic arrangement in solids or surfaces, while the
latter corresponds to the minimum electronic energy in
the ground state.
Absorption spectroscopy (XAS) and angleintegrared photoemission spectroscopy (XPS) has still
been a powerful technique though it seems "oldfashoned" under the presence of new methods such as
emission spectroscopy. An apparent advantage of XAS
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B. ATOMIC AND MOLECULAR SCIENCE

(a)

With the high activities of atomic and molecular
science at the Photon Factory as the background, The
Oji International Seminar on Atomic and Molecular
Photoionization was held at the Seminar Hall of Tsukuba Center Inc., from 4th through 7th 1995. The semiar
was attended by 95 scientists, including 46 overseas researchers, from many areas worldwide to discuss the
most advanced studies in photoionization of atoms and
molecules mainly using synchrotoron radiation. In the
concluding remarks at the Seminar, Professor M. Ya.
Amusia mentioned to the audiences that "It was particularly good to have it in a place where so many valuable investigations in the domain of photoionization
were performed and where so many exciting plans for
future research in this field are created."

major axis

Ph

(b)
1. ATOMIC SPECTROSCOPY

major axis

Energy- and angle-resolved electron — electron
coincidence measurements give us direct information on
electron correlation. Therefore coincidence measurements are attracting the attention of many atomic and
molecular physicists. However to perform the coincidence measurements, one must overcome the experimental difficulties. At the Photon Factory great
efforts have been devoted over a few years, to perform
the energy- and angle-resolved electron electron
coincidence measurements in double photoionization.
Recently coincidence measurements were successfully
done at BL-28A, which is equipped with a helical undulator to produce circularly polarized soft x-rays. The
first attempt of the coincidence measurements was applied to study circular dichroism in fragmentation patterns for two-step double photoionization of Xe atom.
That is, angular correlation patterns between 4d5/2
photo- and subsequent N5-O23O23 'S o Auger electrons
in Xe have been measured for right and left circularly
polarized light with HOeV energy. Figure 1 shows the
polar plots of the angular correlation patterns. Comparing Figure l(a) with (b), it is clearly demonstrated that
the angular distribution of N5-O23O23 'S o Auger electrons in coincidence with the 4d5/2 photoelectrons, the
direction of which is indicated by an arrow, is different
for right and left circular polarization. Namely the fragmentation patterns for right and left circular polarization are symmetric relative to the photoelectron detection direction. The patterns are predicted by the polar-

ph
Fig. 1

Polar plots of angular correlation between the
4d 5 / 2 photoelectrons and the N5-O23O23 1 S 0 Auger electron of xenon in a plane perpendicular
to the photon beam direction for right circularly
polarized photon (a) and for left circularly polarized photon (b), the energy of which is 110 eV.
The major axis of the polarization ellipse is indicated by an arrow in each figure. The 4d 5 / 2
photoelectrons are observed in the direction of
e ph . The intensities of true coincident N5-O23O23
1
S 0 Auger electrons are given with error bars. K.
Soejima, M Shinbo, A. Danjo, K. Okuno, E.
Shigemasa, and A. Yagishita.

ization parameters and the amplitudes and phase shifts
of dipole matrix elements for relevant photoionization
channels. Theoretical predictions expressed by solid
curves in Figure 1 reproduce the experimental results
fairy well. Because the symmetry treatment for the two
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-step double photoionization is valid, the agreement between the experimental and theoretical results implies
that the values of the dipole matrix elements, which are
used here, are correct.
The continuous improvement of a merging beam
apparatus for photoabsorption spectroscopy of free ions
enables one to study the photoabsorption of rare gas
ions at BL-3B. Figure 2 shows the 4d photoabsorption
spectrum of singly charged Xe ions. To recognize the
change of spectral profiles from neutral Xe atoms to
Xe + ions, the Xe 4d spectrum is also shown in Figure
2. One can see the dramatic change of the spectral profiles for the 4d giant resonance between neutral Xe
atoms and X e + ions. In the X e + specteum, two broad
structures are revealed. According to MCDF calculations, the second broad structure having the peak at about lOOeV consists of numerous two-electron transitions, 4d-*4f and 5p-*np, oscillator strengths of which

are indicated by bars in the figure. In these configurations, the 4f orbital is fully collapsed. Then the twoelectron transitions exhaust about 50% of the oscillator
strength for 4d photoabsorption. The strongest 4d-*5p
transitions at about 56eV are not shown in the figure.
The first broad structure around 84eV in the continua is
considered to be part of a shape resonance. One can
see the overall profile of the shape resonance in the
spectrum for neutral Xe atoms. In neutral Xe atoms,
the two-electron transitions can not induce the 4f orbital collapse. Then the oscilator strengths for the twoelectron transitions, 4d-»ef and 5p-»np, are very weak
in Xe atoms. The weak structure around 80eV is due to
two-electron transitions. It should be emphasized that
the 4f orbital collapse is very sensitive to the outermost
electrons.

2. MOLECULAR SPECTROSCOPY
0.25

2.1 Valence Electronic Excitaton

Xe

+

Even for the simplest molecule, H 2 , having two valence electrons, the potential curves are rather complicated. To search for autoionizing states embedded in
continnum states of H2 molecules, intensive studies by
angle-resolved proton spectroscopy have been done at
BL-20B. The kinetic energy spectra of protons emitted
from hydrogen molecules are shown in Figure 3. Two
sets of the spectra were measured at 0° and 90° relative
to the electric vector of the linearly polarized incident
light. Peak A in the spectra at 90" shifts to the higher
energy side with increasing photon energy and attains
its maximum intensity at hy = 35eV. That is, the peak
energy moves from 6eV to 9eV when the photon energy
changes from 32eV to 38eV. As the origin of peak A,
two candidates are considered; direct process leading to
repulsive H 2 + 2p<ru ionic state and indirect process via
autoionization. If the peak is to be ascribed to direct
photoionization, then the dipole matrix elements would
have to be very large just when the photoelectron energy is close to zero in order to reproduce the narrow
width of peak A. Steep energy dependence of the
dipole matrix elements is unlikely. Then one should
take the indirect process into account. The peak A
appears above the threshold of the H 2 + 2pcru state, so a
Q 2 autoionizing state should be considered. The Q 2
state associated with the 2p<r state of H 2 + have two
possible decay pathways; it can autoionize either to 2p<r
u or to ls<rg state. The decay pathways between poten-

Xe**(4d95p44fnp),
n-6,7
,'
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Fig. 4 Schematic of the autoionization of a Q2 state
with an excitation energy of hv. This state can
autoionize either to the 2patj or 1s<rg states of
H£. The energy released by the dissociation
process is KE1 + KE2 and KE3 for the former
and the latter autoionization process, respectively. K. Ito, R. I. Hall and M. Ukai.
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Fig. 3 Kinetic energy distributions of protons produced
via dissociative photoionization of molecular
hydrogen for incident photon energies 30-38 eV
observed at 0° and 90°with respect to the electric vector of the incident radiation. Peaks A-D
are attributed to autoionization of Q2 '/7U states
to the H t 2p<7U and 1S(rg states. Peaks E is due
to direct ionization to the H t 2p<ju and autoionization of the Q2 1 £ + state, and peak F due
to direct ionization of the 2p^ u states K. Ito, R.
I. Hall, and M. Ukai.

2.2 Core Electronic Excitation
Symmetry-resolved soft x-ray spectroscopy, developed at the Photon Factory, has been applied to
linear triatomic molecules to investigate their molecular
and electronic structures in core-excited states, at BL2B. Figure 5 shows the high-resolution symmetryresolved O K-edge spectra of N 2 O. At the n * resonance of peak 1, the symmetry decomposition in the
spectra was insufficient. When the N2O molecule is
bent, the n* orbitals lose the degeneracy in C<»v symmetry, and have two components, a" (out-of-plane n*)
and a' (in-plane n*) in Cs symmetry. In the O ls-»a'
x* (in-plane) excited state the caluculated bond lengths
N-N and N-O are slightly shortened and largely lengthened, respectively, from those of the ground state,
and the molecule is strongly bent within the range of
the N-N-O angle about 112—115°. On the other hand,
in the O Is -* a* K* (out-of-plane) excited state the
molecular structure has a linear stable one as well as in
the ground state. The O ls-*a' K* excited state is much
lower in energy than the O Is—»a" K* . The energy
lowering by bending the linear molecules in the degenerate state is called the Renner-Teller effect.

tial curves are illustrated in Figure 4. For autoionization
to the 2p<7u state the kinetic energy release is KE1 +
KE2. The energy release decreases monotonically with
increasing internuclear distance. Conversely, the energy
release KE3 via autoionization to the ls<xg state increases with increasing internuclear distance. As can be
seen in Figure 4, It is evident that KE3 is always smaller than KEH-K.E2. In fact, another peak designated
as B appears from h v = 32 eV along with the appearence of the peak A. As demonstrated here, one can
obtain the information of veiled potential curves from
detailed analyses of angle-resolved proton spectroscopy.
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O K-edge high-resolution ion yield spectra of
N2O. The spectrum expressed by the solid line
was observed at 90° with respect to the polarization direction, and the spectrum by the dotted line at 0° . J. Adachi, N. Kosugi, E.
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Fig. 6 Angle-resolved ion-yield spectra in the C 1s-»
Rydberg region of CO2, measured with the high
resolution of 70 meV. The solid line spectrum is
observed at the 90° direction with respect to the
polarization direction, and the dotted line at the
0°. J. Adachi, N. Kosugi, E. Shigemasa, and A.
Yagishita.

Figure 6 shows the high-resolution symmetryresolved C Is—^Ryberg excitation spectra of CO 2 . The
C Is—»ns(n=3,4), np^-, cr(n=3—7), and nd(n=3,4) are
clearly observed, some of which show vibrational structures. Contrary to one's expectations from the Ryderg
spectra of diatomic molecules, the dipole-forbidden C
lscrg -•3s<Tg Rydberg transition is the strongest among
the Rydberg transitions, and the fragment ions are
ejected predominantly towards the direction unexpected
from the symmetry consideration, i.e., the perpendicular direction (90 °) relative to the electric vector of the
incident light. Because the C iag—-3sag Rydberg state
has a stable linear geometry and the linear 3s<rg Rydberg state can not be reached by photoabsorption, the
unexpected experimental results should be related to
the symmetry of the dipole-allowed intensity-lending
states mixed with the 3s<rg state through the vibronic
coupling. The results indicate directly that the dipoleallowed state mixed with the 3sug Rydberg state has 7ru
symmetry, that is, the 3s<rg state is strongly coupled
with the bending mode. The dipole-allowed intensitylending state with the <ru symmetry is the 7r* resonance
state located at 290.77eV corresponding to C Is-•unoccupied 2TTU transition. Except for the 3s<rg and 4s 7rg
Rydberg states, the symmetries of the Rydgerg sates
are resolved in Figure 6, because stretching vibrations
are mainly excited in these states.

According to the Franck-Condon principle, the bending
mode is not excited in the transition to the a" n* state,
but is strongly excited in the a' K* state that is lower in
energy than the a" K* state. Then, it is considered that
the fragment ion intensities, observed at the parallel
direction (0°) relative to the electric vector of the incident light, arise mainly from the bending mode in the a'
IT* state stabilized by the Renner-Teller effect. The
peaks numberd from 2 to 8 in Figure 5 are assigned to
the O Is-*-Rydberg transitions with the help of theoretical calculations for the vertical transitions. In the Rydberg transition region, the symmetries of the excited
states are perfectly resolved. This means that the bending motion has no contribution to the Rydberg excited
states. This is the reflection of the fact that the molecular geometries of the Rydberg states are nearly identical
to the geometry of the ionized state with a linear structure and the Rener-Teller effect is negligibly weak even
in degenerate 7r-type Rydberg states. The anomalous
feature in the Rydberg series, very large intensities and
widths of Peak 2 (3SCT) and 4(4srr), should be noticed in
Figure 5. The irregularity is cased by the Rydbergvalence mixing through avoided crossings between the
potential energy curves of the Rydberg and valence
states. The most probable valence state contributing to
the mixing is the s-type a * located below the ionization
threshold.
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C. X-Ray Imaging

by an object.
The fringe scanning method uses a phase shifter as
shown in Fig. 1. When the phase difference between
the object beam and the reference beam is varied by
rotating the phase shifter, one can see the interference
fringes move. The displacement of the fringe definitively depends on the phase shift caused by the object.
Therefore, a phase-mapping image can be obtained by
analyzing the fringe movements. The fringe scanning
method provides an algorithm for producing a phasemapping image from several interference patterns
observed by varying the phase difference step by step.

1. Phase-constrast X-ray computed tomography
At BL-14B, phase-contrast X-ray computed
tomography (CT) has been developed1 ~ 3) . This novel
technique uses an X-ray interferometer. In reconstructing tomographic images, the spatial distribution of Xray phase shift, or the phase-mapping image, caused by
an object needs to be measured. For this purpose, a
fringe scanning method4* that is used in visible light interferometry was employed for the definitive determination of phase shift. Tomograms that display the inner
distribution of the refractive index were reconstructed
from phase-mapping images using a standard CT algorithm.

The experimental setup is shown in Figure 2. Xrays from a vertical wiggler were introduced to the Xray interferometer through a double-crystal monochromator. The vertical wiggler source was convenient for
setting up high-throughput optics using the X-ray interferometer because the beam is linearly polarized and divergent in the vertical direction. A collimator crystal
was used to widen the beam section in this case. A sample was immersed in a water-filled cell placed in the object beam path to observe it in a wet environment. For
a CT scan, the sample was rotated in the cell step by
step. A plastic phase shifter was placed in the reference
beam path for the fringe scans. A ten-step fringe scan
was performed at every angular setting of sample rotation. Interference patterns were detected with an X-ray
sensing pickup tube 7 ' whose optimal spatial resolution
was eight microns. Because this is an image detector, a

The advantage of phase-contrast X-ray imaging is
its high sensitivity to weakly X-ray absorbing objects.
Conventional techniques for inner observation using Xrays depends on X-ray absorption to create image contrast. However, the absorption coefficients of light elements, such as hydrogen, carbon, nitrogen, and oxygen,
are insufficient for creating image contrast. In contrast,
the X-ray phase shift cross section is almost a thousand
times greater than the X-ray absorption cross section
for light elements5'. Hence, phase-contrast X-ray imaging is a promising technique for observing the structure
inside biological soft tissues without the need for staining and without serious radiation exposure.
The structure of the X-ray interferometer is a
typical triple Laue-case6); i.e., three parallel crystal
slabs are monolithically cut out from the block of a perfect silicon crystal having the same gaps (Figure 1). The
slabs function as X-ray half mirrors when the Bragg diffraction condition is satisfied. Consequently, MachZehnder type interfering beam paths are created. When
an object is placed in the path of one beam (object
beam), one can see an interference pattern corresponding to the spatial distribution of the phase shift caused
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Experimental setup for phase-contrast Xray CT.
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Thus, high sensitivity of the phase-contrast X-ray
CT has been well demonstrated. This technique is expected to provide us with a new opportunity for investigating biological tissues and organic materials.

series of tomograms can be reconstructed using one CT
scan.
Figure 3(a) is a phase-contrast X-ray tomogram of
a cancerous rabbit liver obtained using 0.7-A X-rays.
Two hundred phase-mapping images were acquired
over 180-degree rotation of the sample to create the
tomogram. The left part of the image corresponds to
the cancer lesion. The opposite side is normal liver tissue. Moreover, structures in the tumor can be seen.
The bright-contrast area can be identified as a degenerated lesion, while the dark area is nondegenerated. Fibrous structures are also depicted in the marginal region
of the tumor. Figure 3(b) is a three-dimensional expression of the entire body of data made by stacking all
tomograms. To show the inside, one quadrant has been
cropped.
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2. Ecological study of the migration of eel by SR X-ray fluorescence imaging of otoliths1'
In spite of the popularity of eels as a Japanese
favorite cuisine, only a few people know that the
spawning area of the freshwater eels is in the North
Equatorial Current west of the Mariana Islands, which
was recently discovered by Tsukamoto2'. Japanese eels
migrates 2000km from the spawning area to the
Japanese rivers in 4 to 6 months. Because of the long
distance and long term of the migration, it was difficult
to pursue their life history. Synchrotron radiation X-ray
fluorescence (XRF) imaging was used to clarify the secret of the migratory history of the eels.
The inner ear of fish contains a set of two tiny
particles of calcium carbonate CaCO 3 , known as otoliths, which functions as the organ of equilibrium: if the
head moves, the otoliths change position. In shifting,
they pass over sensitive nerve endings and send immediate impulses to the brain. The otoliths grow with
the age of fish; the source of Ca and CO 2 is from water, the environments. Consequently, based on daily
growth increments on the otoliths, we can estimate the
ages of fish by measuring the tree ring pattern developed in the otoliths. It is easily presumed that calcium carbonate precipitates together with trace elements in environments with daily growth increments.
Chemical analyses of otoliths of various fish including

Fig.3 (a) A phase-contrast tomogram of a
cancerous rabbit liver. The left half corresponds to the cancer lesion, (b) 3D expression of the entire body of data has
been made by stacking all tomograms (one
quadrant has been cropped to show inside).
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marine habitats and river habitats indicated that concentration of Sr in the otolith of marine habitat fishes is
more than two to three times higher than that of the
fresh water habitat fishes. It is known that the Sr concentration of sea water is 8 ppm and that of fresh water
is 0.057 ppm. The former is more than 100 times as
large as that of the latter and this reflects on the Sr concentration in the otolith. Based on this principle, two
dimensional analysis of Sr/Ca ratio in otoiiths of various
eels were carried out using SR-XRF system.
A total of 27 specimens including 17 European
eels, Anguilla anguilla, collected in the North Sea and
the River Elbe, and 10 Japanese eel Anguilla Japonica
from the East China Sea and the Tone River were
analyzed. Sagittal otolith of each fish were embedded in
polyester resin and prepared for the measurements by
polishing the sample from the both sides to the mid
plane of 30 mm with the polishing paper. XRF
measurements were made at BL 4A with the energy
dispersive XRF system. Sample were excited by X-ray
of 17keV obtained by a Si(lll) double-crysal
monochromator. A fine parallel beam of 120 ^ mXlOO^
m size was obtained by a set of vertical and horizontal
slits. Two dimensional analysis of samples was made in
air by step scanning the sample on a XY stage and XRF
intensities of Sr Ka and Ca Ka were measured with
counting time of 3 sec/point with step size of 50 /u m.
The integrated intensity of the Sr Ka line was subtracted by that of the CaKa line to produce a normalized intensity. The two dimensional image of Sr in the
sample was represented by 12 colors from red, yellow,
green to blue (or black to white in monochrome) corresponding to the Sr/Ca intensity ratio.

Fig.4

Two dimensional SR-XRF imaging of Sr/Ca
in otoiiths of (a) marine habitat sample
(East China Sea) and (b)freshwater habitats sample (River Tone)

freshwater residence during juvenile and adult stages.
Fish migration is generally explained by a difference in
food abundance between marine and freshwater habitats. Therefore it might be predicted that sea residency
by freshwater eels would occur more frequently at high
latitudes where productivity of the freshwater habitat is
lower compared with that of adjacent coastal regions.
This is the first report of facultative catadromy or "sealocking" in eels, which phenomenon might give a key to
the understanding of evolutionary process of fish migration.

Two dimensional images of the Sr/Ca ratio in otoiiths showed remarkable difference between marine
habitat samples (e.g. Fig.4(a) :East China Sea) and
freshwater habitats samples (e.g. Fig.4 (b) .River
Tone). All river samples contained an elevated Sr region of 200 — 300/Ltm in diameter in the core region of
otolith corresponding to an early life stage, while low Sr
levels occurred in the otolith's peripheral region indicating freshwater habitat. All specimens collected in the
North Sea and East China Sea showed a second
peripheral region of elevated Sr which was not observed
in the river specimens. This observation indicates that
these eels have not spent yellow and silver (juvenile and
adult) stages in freshwater habitats. This is in remarkable contrast to the expected catadromous pattern
shown by both Elbe and Tone river eels, which shows
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D. Radiobiology using Synchrotron Radiation

to 20% when irradiated under the presence of cysteamine as a radical scavenger. This result means that
the lesions induced by Auger processes are produced
through mechanisms rather than radical-mediated
mechanism. In order to understand the mechanisms of
the Auger enhancement observed in the biological system, researches in the molecular level is necessary. Not
only the efficiency of the production of the strand
breaks, but also the molecular structure or microscopic
distribution of the strand breaks around the Auger site
must be investigated, since the damages by Auger process may be different in repair susceptibility. From this
point of view, DNA sequencing methods using radioisotope, 32 P, was adopted for analyzing the microstructure
of the DNA strand, since this methods is suitable for
analyzing the local structure of the lesions due to its extremely high resolution enough to discriminate even
slight difference of the end structure of the cleaved site.
It was found by using this method that there exist only
two types of 3' termini of the radiation-induced strand
breaks, phosphate and phosphoglycolate. Study on the
distribution and microscopic structure of the strand
breakage site in brominated oligonucleotides irradiated
with the monochromatic X-rays around the bromine Kedge started recently at the Photon Factory in order to
elucidate the molecular mechanism of Auger enhancement using the similar technique, since radioisotopes
became available at the facility. Use of radioisotope is
essential for the sequencing methods. One of the
advantage of using cold bromine and tunable X-rays is
that the net Auger enhancement can be estimated,
being discriminated from the X-ray energy-independent
enhancement by halogenation of DNA.

High intensity and complete tunability from ultraviolet to X-ray region are very useful characteristics of
synchrotron radiation in researches aiming at the elucidation of whole processes included in radiobiology.
Research in radiobiology has been actively done since
the commissioning of the Photon Factory. A variety of
processes are included in 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 radiotherapy of cancer using heavy
particles, or protection from environmental radiation of
low dose rates. Two topics in radiobiology recently studied or in progress are briefly introduced in this section.
First is one of the researches which need the use of
radioisotopes for DNA sequencing. Since open
radioisotopes became available in the BL-27 area in
1993, various research utilizing radioisotopes are being
actively done.

1. Study of the Sites of Strand Breaks in DNA by
Auger effect
Before SR X-rays became available, the biological
effects of the Auger effect have been studied intensively
by using Auger-emitting isotopes such as 125 I. On the
other hand, it has been known that the X-rays can induce Auger effects through photoabsorption of nonAuger emitting element. Monochromatic X-rays from
synchrotron radiation is very useful to investigate the
enhancement of the biological effect by the Auger process since it enables us to precisely extract the true enhancement from other biological effects induced by various mechanisms including energy-independent enhancement by halogenation. Use of monochromatic Xray in the study of Auger effects on halogenated DNA
has an advantage that the halogenation of biomolecules
occurs only artificially and hence we can select the element at which the Auger effects will occur. Lethality of
bromine-incorporated yeast cells irradiated with
monochromatic synchrotron X-rays above the bromine
K-absorption edge was reported to be enhanced by 7%
Auger-enhancement than with irradiation of X-rays below the edge(1). This enhancement became greater up

A 21mer single-stranded synthetic oligonucleotide
containing one bromine atom per each molecule was
used. The sequence is as follows;
5' TTT TTT TTT T Br UT TTT TTT TTT 3'.
All the bases of the nucleotide were designed to be thymine except for the center (11th) of the strand, bromouracil, in order to prevent from forming undesirable
secondary structure within one molecule or between
molecules. The 5' end of the oligonucleotide was
labeled with 32 P. For irradiation of the aqueous solution, the oligonucleotide solution was diluted to 40
pmole/ml and irradiated in an acrylic cell through a thin
Kapton film window. For irradiation under dried condition, 2 ^1 of the solution was spotted on the acrylic
plate and irradiated after dried. In both samples, the
oligonucleotides were used without further purification,
which means large amount of solutes in buffer and reac-
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tion mixture were included in the sample. In the case of
aqueous DNA, the glycerol in the kinase-reaction buffer must be act as a radical scavenger, which may be
convenient for reducing the energy-independent radical
reaction. The final concentration of the glycerol is 1%
(about 0.1 M), which may be reasonable for radical
scavenging condition. On the other hand, in the dried
condition, contaminants such as glycerol can act as electron absorber, namely, the secondary electrons ejected
from a bromine atom in certain oligonucleotide cannot
attack other oligonucleotide due to the large amount of
solutes. Irradiation was performed at the BL-27B installed in the radioisotope-usable area. The second crystal
of the monochromator was bent in order to get more
photon flux. X-ray energies used were 13.51 and 13.45
keV, between which the bromine K-shell absorption
edge (13.47 keV) was located. Exposure rate was measured by a free-air ionization chamber'3' at the sample
position. The beam intensity during irradiation was
monitored by a transmission-type ionization chamber.
The dose rate used in this experiment was about 10
kGy/hr.

Fig. 1 Image of the electrophoresed gel of brominated
oligonucleotides irradiated with monochromatized X-rays at 13.51 keV (above the bromine Kedge, Lane 1-4) and at 13.45 keV (below the
edge, Lane 5-8), in aqueous solution. The irradiated doses were 720 Gy (Lane 1, 5), 240 Gy
(Lane 2, 6), 80 Gy (Lane 3, 7), 28 Gy (Lane 4,
8) and 0 Gy (Lane 9). The arrows indicate the
most and the next most intense band, assigned
as 9mer and 8mer fragment, respectively.

Irradiated samples, mixed with the sequencing gelloading buffer, were loaded into the 19% polyacrylamide-urea gel, the dimension of which was 200mm X
400mm. The gel was electrophoreses at 2000 V for 180
min to separate individual bands of the products. After
electrophoresis, the gel was fixed, dried and then
attached to an image plate (BAS-III, Fuji Film) overnight in order to get the radioactivity image. The image
plate was then read by a reader (BAS2000, Fuji Film).
The captured data was analyzed to obtain the quantity
of each band. For assignment of the fragments produced by the irradiation, the oligonucleotides treated
with Maxam-Gilbert sequencing reaction were also electrophoreses. The sequence of the oligonucleotides for
Maxam-Gilbert reaction was
5' TTT TTT GTT TTT TTT TTT GTT 3'.
Since the 7th and 19th nucleotides are less susceptible
to the cleavage reaction by hydrazine under the condition of the Maxam-Gilbert T reaction, the band images
of 6mer and 18mer fragments which have phosphate at
their 3' ends become dimmer than other bands. This
characteristic pattern of the band distribution was used
to confirm our band assignment.

around the half size of the original molecules. The most
intense band (indicated as "9" in the Fig. 1), accompanied by a satellite band just below, was assigned as
9mer fragment, not lOmer which could be expected as
the product cleaved at the brominated nucleotide. The
3' end structure of the main band was phosphate and
the satellite was phosphate-like group, presumably,
phosphoglycolate which was already detected at the termini of the radiation-induced strand breaks by Henner
et al. (2) . The next most intense band, appeared below
the 9mer fragment, was assigned as 8mer fragment (indicated as "8" in the Fig. 1). Obtained profiles were
very similar with the results by Martin et al. in which
the site of the strand breaks of double-stranded oligonucleotide containing 125I was analyzed'4'.

An image of the electrophoresed gel of the brominated oligonucleotide irradiated under aqueous condition
is shown in Fig. 1. The density profiles of the Lane 2
and 6 were shown in Fig. 2. In the samples irradiated
with either energy, several intense bands appeared

Regarding the dependence of distribution of the
products on the irradiated energy, the production ratio
of the most intense band (9mer fragment) against a
band far from the bromine site was compared with the
irradiated energy. Ratio of the product amount of 9mer
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that the fragments having phosphoglycolate termini
were much less produced than those having phosphate
termini, which was a good contrast to the sample irradiated in aqueous condition. Difference in the distribution pattern due to the net Auger effect was not clearly
observed in the dry condition, either.
As shown above, DNA sequencing gel technique,
combined with use of radioisotopes, is a powerful tool
to determine the precise site and the local structure of
the strand breaks. Owing to the progress of the oligonucleotide synthesis technique, the oligonucleotide having halogenated base(s) at the defined site(s) can be
commercially available. This method enabled us to investigate the correlation between the Auger-emission
site and the strand breakage site. Up to now, results
directly related to the Auger process have not been
obtained. Further experiments with newly designed
samples are under way.

1 2 3

2. Production yield of adenine from ATP irradiated
with monochromatic X-rays in aqueous solution
of different concentrations.

Fig. 2 Image of the electrophoresed gel of brominated
oligonucleotides irradiated with monochromatized X-rays at 13.51 keV (above the bromine Kedge, Lane 2) and at 13.45 keV (below the
edge, Lane 3), under dried condition. The irradiated dose was 5 kGy at each energy. Lane 1
was a unirradiated oligonucleotide. The positions of the arrows are the same as that in the
Figure 1.

Study of radiation-induced chemical reactions in
aqueous system and determination of the yields of various species, both intermediates and end-products is
very important in understanding cellular mechanism of
radiation, since yields of these species may, in some
part, determine production efficiencies of the molecular
damage and hence, the induction efficiencies of biological effects in aqueous system. One of the examples is
the oxidation yield of ferrous solution (Fricke solution),
which gives a measure of absorbed dose in aqueous
solution through the yield of water radicals. The yield
was found to decrease with the energy of X-rays from
15 keV down to 1.8 keV(5). All X-ray photons in this
energy region are absorbed via photoelectric effect and
the kinetic energy of the photoelectrons is equal to the
photon energy minus the binding energy of the electrons. In aqueous system almost all absorption events
can be considered to occur at the oxygen atom in water
molecule. With lower energy photons, nearly
monoenergetic photoelectrons having less energy are
produced. Lower energy electrons produce ionization
and/or electrons with higher density (high LET). In
aqueous solution, radicals produced by the energy deposition of electrons react with various solutes in the
system and even do so with other radicals to annihilate
or to become less hazardous. This leads us to the com-

fragment against 5mer fragment was almost same. This
means that the product distribution does not change
with inner shell ionization of bromine. Fragment distribution, common to both irradiation energies, is considered to be derived not from bromine Auger process,
but from debromination of the DNA due to the attack
of water radicals.
The same oligonucleotides were also irradiated
under the dried condition in order to increase the atomic fraction of bromine in the sample and to increase
number of Auger events relatively. The image of the
product distribution on the gel was shown in Figure 3.
Two characteristics are remarkable when compared
with the aqueous samples. First is that each fragment
was produced with almost similar efficiency. The 9mer
band, which was produced with the highest efficiency in
the aqueous samples, was not so intense. This result indicates that the site of the strand breaks is not correlated with the site of bromination in the oligonucleotides irradiated under dried condition. The second is
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dependence of the yield in dilute solution was similar to
the Fricke solution, while that of the concentrated solution was not. And also the dependence on the Auger
effects was completely opposite, namely, enhanced in
concentrated solution but suppresses in dilute solution.
Recently, biological effects of high LET radiation
such as heavy particles attract much attention not only
due to basic interest but also from the practical points
of view such as radiotherapy of cancer and health problem in manned space projects. Study on the reaction
mechanism in concentrated aqueous solutions irradiated
with low energy X-rays is expected to give us a clue to
understanding the effect of high LET radiation on cells,
although attention should be paid to the inhomogeneity
in intra-cellular circumstances.

monly accepted idea that higher LET radiation gives
lower radical yields and hence lower yields of chemical
consequences, radicals produced densely have higher
probability to annihilate by the reaction between them.
Our results on the photon energy dependence of the
yield of ferric ions are in accordance with this idea.
On the contrary we already reported that the Auger effect occurring at the phosphorus atom gives higher yield of production of adenine from ATP, extent of
which was higher in the more concentrated solution'6'.
Biological effects were also found to be enhanced by
the Auger effects at phosphorus atom(7). Considering
that the Auger effect produces ionizations with high density around the atom, these results led us to a hypothesis that there are two type of reaction fields in irradiated aqueous system; one can be called "hot area"
where reactions between radicals can occur, the other
called "cold area" where biologically important molecules are attacked by radicals which have diffused out
of "hot area". Size of the hot area can be estimated as
small as the order of nm. Hence, only solute molecule
with high concentration could participate in the reactions in the area. The hypothesis may predict that the
higher chemical yield in higher LET radiation field
might be observable only in concentrated solutions.
Since intracellular circumstance is dense aqueous solution, although not homogeneous, our observation on
the biological enhancement by the Auger effect of
phosphorus seems to be explained with the hypothesis
above.
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In order to test the hypothesis, we measured the
production yield of adenine from ATP irradiated with
monochromatic X-rays from 2 keV to 15 keV with two
concentrations differing 100 folds. In the dilute sample,
probability of solute molecule participating in the reactions in the hot area seems very small, and hence the
yield in dilute samples could be considered as the results of the reactions in the cold area. Observed energy
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E. STRUCTURAL PROPERTIES OF CONDENSED MATTERS
1. DETERMINATION OF THE ENDROHEDRAL
NATURE OF THE METALLOFULLERENE
Y@C 8 2
Endohedral Metallofullerenes are novel forms of
fullerene-related materials which encage metal atom in
a carbon cage. The synthesis of metallofullerene encapsulating various metal atoms within the carbon cage has
stimulated wide interest because of their unusual structure and electronic properties. As for the endohedral
nature, there has been some debate about whether the
metal atoms are really located inside of the cage or not.
Several theoretical and experimental studies suggest
that the metal atoms are distributed inside the fullerenes, but, some ambiguities remained. The fullerene
specialists had hoped that was the case. The X-ray
structural analysis based on the SR powder data measured at BL-6A2(95G-124) succeeded in determining
the endohedral nature of the metallofullerene YC82.
For the structural analysis, the novel method combining the Maximum Entropy Method and the Rietveld
Method was used to analyse the complicated powder
pattern of YCS2 crystal". The cell parameters of YC82
crystal were a = 18.401(2), b = 11.281(1), c = 11.265(1)
A, /9 = 108.07(l)°(monoclinic P2,). The result shows the
section of the charge density of YC 82 molecule with the
relief map(Fig.l). The powder pattern fitting based on
the charge density is excellent and the R-factor based
on the integrated intensities is 1.4%(Fig.2).

Fig. 1 The MEM charge density of Y @C 82 with the relief
map.
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In Fig.l, the remarkably high density inside the
circular lower rim was found to be yttrium atom. This
shows the conclusive evidence that a metal atom is indeed trapped within the carbon cage, i.e., the YC82 is
the Y@C82, which is the shorthand notation for yttrium
in an C82 carbon cage. In the figure, the yttrium atom
does not reside in the center of the carbon cage but is
very close to the carbon cage as suggested by the
theoretical study2'. The present result proved the endohedral nature of metallofullerene without doubt and
further revealed the strong off-centered nature of the
mono-metallofullerene
Y@C82. (M.Sakata,
Univ.
Nagoya)
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The powder pattern fitting result for Y@C82 based on
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structure of phase F(Fig.2) of about 30mm in diameter,
synthesized at 17 GPa and 1000°C using a multi-anvil
high pressure device was determined with X-ray intensity data measured with the monochromatized synchrotron radiation of the wave length of 0.7065 A by the
Si(lll). The structure contains layers with many similarities to the superhydrous phase B. The layers of oxygen atoms are stacked in the ABCBAC -type double
cubic closest packing arrangement. (Y. Kudoh, Tohoku

2. THE DENSE HYDROUS MAGNISIUM SILICATES (DHMS)
Water has a crucial influence on the seismic and
rheological properties of the earth's mantle. The existence of the dense hydrous magnesium silicates
(DHMS) 1 ' whose stability fields suggest their possible
occurrence in the subducting slab at transition zone
depths(410-660km) of the earth's mantle was first reported by Ringwood and Major2'. The structural studies
on these dense high pressure phases suffer difficulties
caused by a problem associated with the X-ray diffraction intensity measurement on a very small crystal of relatively low degree of crystallinity. Structural studies on
two DHMS's, superhydrous phase B, Mg20Si6H8O36 and
phase F, Mg3.3<;Sis 5 1H 72 6O 18 were carried out at the
beamline BL-lOA using the vertical type four-circle diffractometer.

Univ.)
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The crystal structure determination and the study
of the effect of pressure on the superhydrous phase
B(Fig.l) of about 30mm in diameter were carried out
up to 6.5 GPa using a single diamond anvil cell
mounted on the four-circle diffractometer. The bulk
modulus thus obtained was K O T = 145 GPa. The crystal

Fig. 2 Partial view of the phase F structure. Periclaselike layers of (Mg,Si)O6 octahedra are crosslinked by SiO4 tetrahedra and (Mg,Si)O6 octahedra.
(From Kudoh et al.4))

Fig. 1 Partial view of the superhydrous phase B structure. The hydrogen bonds connecting SiO4 tetrahedra and MgO6 octahedra are shown. (Produced with the data of Kudoh et al.3))
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3. SINGLE-CRYSTAL STRUCTURE ANALYSIS
UNDER EXTINCTION-FREE CONDITION

4. HIGH PRECISION DIFFRACTION IMAGING
OF THE ELECTRON DENSITY IN CRYSTALLINE SOLIDS

Both experimental and theoretical approaches to
the electron density distribution study become more important in the field of materials science. However,
several kinds of effects limit the accuracy of the
observed kinematical structure factors from imperfect
crystals. They are extinction, multiple scattering,
absorption, counting statistics, thermal diffuse scattering, etc. The extinction and absorption can be reduced
significantly by using a smaller crystal and/or a shorter
wavelength. Since both solutions tend to decrease the
diffracted intensities, the use of synchrotron radiations
is strongly recommended for accurate structure
analyses.
After a number of progressive studies which have
been carried out using the horizontal-type four-circle
diffractometer at the beam line 14A in 1990s, the extinction-free condition has been finally realized in the
single crystal structure analysis.
As given in the user's report" on CaYAlO4
(95G334) in this issue, three-dimensional diffraction
data from a small single crystal of about 10 /urn size using synchrotron radiation have been found to be scarcely affected by secondary extinction with a minimum
value for the secondary extinction transmission factor
Ys of 0.988 for the 200 strongest reflection. The value
should be compared to 0.5855 calculated for a spherical
specimen with diameter of 112 ^m mounted on the Ag
rotating-anode four-circle diffractometer. The analysis
of the extinction-free data on CaYAlO4 has revealed
important information about the composition, atomic
positions and the electron density distribution.

X-ray diffraction imaging can explain a wide range
of physical properties of materials. The technique becomes especially powerful if the atomic coordinates and
vibration amplitudes are complemented by accurate
measurements of the deformation density Dr the
change in electron density due to the formation of the
crystalline material. Because measurements of Dr are
notoriously sensitive to instrumental errors and to inadequacies in specimen preparation, it is necessary to
check the reliability of the results obtained, preferably
by techniques that do not depend on the accuracy of
diffraction measurements. Comparison of Dr maps measured by diffraction imaging with those from theoretical calculations tests the validity of both experiment and
theory. A multipole representation of the static deformation density for MgCO3 shown in Fig. 1 (a), recently determined with the BL14A four-circle
diffractometer1', is close to that evaluated from a density functional calculation2' shown in Fig. l(b).
This comparison indicates that the accuracy now
being achieved should extend the applications of high
precision diffraction imaging. Crystals containing
heavier elements in the periodic table can be investigated with greater confidence. High precision diffraction imaging will help clarify the nature of phase transitions and structural disorder. It has recently raised
some intriguing questions regarding the strength of the
cation-cation interactions in the C-type rare earth oxides. The method also has the potential to provide more
detailed insights into ferroelectric behaviour. It is also
possible that it will provide more information on the nature of the exchange interactions that govern the
magnetic properties of materials. That information will
complement direct measurements of the much smaller
cross-sections that originate in magnetic cross sections
directly. (E. N. Maslen, Univ. Western Australia)

Due
to
recent
hardware
and
software
2
developments ' at the BL-14A four-circle diffractometer, the improvement of the counting dynamics up to
some 108 cps has been enabled by the use of the avalanche photodiode detector. The new device has contributed in removing almost completely the dead time correction which was inevitable for the Nal detector previously. It looks obvious that scientists can see the electron density of a crystal in quite near future without any
complicated corrections. (N.Ishizawa, TIT)
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(a)

(b)

Fig. 1 Representations of the deformation density in MgCO3
(a) from X-ray diffraction measurements on the BL14A diffractometer.
(b) by a density functional calculation. Contour interval 0.005 e. bohr~'\

the five runs so far conducted at pressures up to 28
GPa, and at temperatures up to 1500°C. No amorphization of antigorite was observed upon compression to 28
GPa at the room temperature (Fig. 1, (A) and (B)), in
contrast to those reported in the earlier study" using diamond anvil cell. As the temperature increases, however, the diffraction peaks of serpentine became smaller
and were completely lost at temperatures 200-400°C in a
few minutes (Fig. 1(C)). A rapid crystal growth of high
pressure phases then followed upon further increasing
temperature above 400°C (Fig. 1, (D) and (E)). The results of the present experiments demonstrated that the
amorphous regime of serpentine was limited to pressures above ca. 14 GPa, and temperatures lower than
400°C. Such low temperatures are unrealistic for subducting oceanic lithosphere, and it is therefore concluded that the amorphization of serpentine is an unlikely mechanism for deep-focus earthquakes. (T. Irifune, Tohoku Univ.)

5. OBSERVATION OF AMORPHIZATION OF
SERPENTINE AT HIGH PRESSURE AND
HIGH TEMPERATURE VIA IN SITU X-RAY
DIFFRACTION MEASUREMENTS
The occurrence of deep-focus earthquakes at 100670km depths in the mantle has puzzled earth scientists
for more than 50 years. The pressure-induced amorphization of serpentine has been considered as one of
the most likely mechanism. However, the amorphization of serpentine was observed only at room temperature using a diamond anvil cell". The temperature/
pressure conditions for the amorphization of serpentine
have been examined on the basis of in situ X-ray diffraction measurements using the combination of synchrotron radiation and a double-stage multianvil high
pressure apparatus2'.
Natural antigorite was used as the serpentine starting material. A "hybrid anvil system", utilizing four
tungsten carbide (WC) and four Advanced Diamond
Composite (ADC) anvil3), was adopted for the second
stage anvil (MA8) system. The assembled anvil cube
was pressurized in cubic presses (MAX80 and
MAX90)4' at K.EK. An energy dispersive method was
adopted for the X-ray diffraction measurements under
high pressure and high temperature.
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Figure 1 summarizes one of the results obtained in
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1.856, Cd c/a=1.886). The deviation from the ideal hep
structure is explained by the gain in the band-structure
energy through lattice distortion. Pressure modifies the
band structure and may change the axial ratios of these
metals. High-pressure structural studies of these metals
serve as a rigorous test for total energy and bandstructure calculations. A recent high-pressure Mosbauer
experiment on Zn showed a discontinuous change in
the so-called Lamb-Mdsbauer factor at about 6.6 GPa
and 4 K'\ The discontinuity was interpreted on the
basis of a drastic change in the lattice dynamics. Scalarrelativistic augmented plane wave calculations further
indicated that a pressure-induced change in the topology of the Fermi surface, the electronic topological transition (ETT), is responsible for the anomaly in the lattice dynamics1*. In order to study the effect of pressure
on the axial ratios of Zn and Cd, and to investigate the
possible correlation with the ETT, we have carried out
angle-dispersive powder x-ray diffraction experiments
with high precision. The experiments were done at
room temperature on BL-6B with the use of a diamondanvil cell and an imaging plate. X-rays were
monochromatized to an energy of 18.00 keV. The lattice parameters a and c were determined with precision
of 0.04%. Figure 1 shows the variation of the c/a ratios
of Zn 2) and Cd3) plotted as a function of the relative
volume V/Vo, where Vo denotes the volume of each
metal at normal pressure. Both metals remain in the
hep structure to the highest pressures (Zn: 126 GPa,
Cd: 174 GPa). The axial ratios continuously decrease
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6. SINGULARITY IN THE HCP STRUCTURE
AT C/A= v T

0.50

Hep metals are known to have c/a axial ratios close
to the "ideal" value of 1.633. The axial ratios of Zn and
Cd, however, deviate considerably from 1.633 (Zn c/a=
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1.00

Fig. 1 Volume-dependence of the a/c axial ratios of Zn
and Cd. Vo denotes the volume for each metal
at normal pressure.
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with pressure to a value of 1.59. One notices, however,
clear changes in the curvature of the volumedependence of the axial ratios at a common value of c/a
= V~3. The corresponding pressures for this anomaly
are 9.1 and 12.5 GPa for Zn and Cd, respectively.
In the case of Zn the anomaly of the Mosbauer
spectra occurred at 6.6 GPa and 4 K, lower than the
pressure for the anomaly of the axial ratio at room
temperature (9.1 GPa). If we estimate the axial ratio of
Zn at high pressure and low temperature, however, it is
very close to V 3 at 6.6 GPa and 4 K2). The two anomalies are therefore most probably correlated. On the
other hand, it is difficult to explain the fact that the
anomaly in the axial ratio occurs exactly at c/a = V~3.
Even in the free electron model, the Fermi sphere for
an hep divalent metal does not change the positions at
which it intersects the Brillouin zone boundaries, when
the c/a axial ratio varies through V 3 . Furthermore,
since the real Fermi surfaces of Zn and Cd differ from
the free-electron model, there is no reason for the ETT
to occur at such a special value of the axial ratio.

(a)
ao
hexagonal

(b)

The present finding suggests that the anomaly may
be a rather universal feature for the hep structure. The
hep structure with c/a = V~Y has high symmetry both in
real and reciprocal spaces. The hep lattice in real space
can be represented by an orthorhombic unit cell containing four atoms (Fig. 2(a)). If the c/a axial ratio is
•/Y, the ao and b 0 axes become equal making the cell
tetragonal. In reciprocal space, the reciprocal lattice
vectors AA and AL have the same length when c/a =
•JY (Fig. 2(b)). Perhaps this special symmetry may influence the elastic properties of the hep lattice giving
rise to the anomaly in the lattice dynamics. Further
high-pressure experimental studies on these metals, including transport properties and phonon spectra, are
highly encouraged. (K. Takemura, NIIRIM)

Fig. 2 (a) The hep structure in real space. The a^ b0
and c0 axes indicate the orthorhombic representation of the hep unit cell, (b) The first Brillouin zone for the hep structure with symmetry
points.
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F. STRUCTURAL PROPERTIES OF SOLID
SURFACES AND ADSORBATES
Although scanning-microscopic techniques such as
STM and AFM are quite useful to observe surface
structures, methods based on diffraction of photons or
electrons are essential to determine atomic structure
precisely. Synchrotron radiation is a suitable source of
hard and soft X rays to investigate surface and interface
structures by means of X-ray Diffraction, X-ray Standing Wave, X-ray Absorption Fine Structure or X-ray
Photoelectron Diffraction techniques. There are a number of studies progressing at the X-ray and soft X-ray
beamlines of the Photon Factory, which include experimental stations constructed by collaborations with
other universities, laboratories and private companies.
Here will be presented some recent topics at the Photon
Factory but please refer also to the "Collaborations"
and "User's Reports" sections.
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The grazing-angle X-ray standing wave technique
has been applied, for the first time, to surface structure
determinations in ultrahigh vacuum environment, at the
Photon Factory. The technique employs diffraction vectors nearly parallel to the surface, while keeping the
high-position sensitivity of the standing-wave method,
thus enabling to locate adsorbed atoms in the in-plane
direction with high accuracy without any triangulation.
Experiments were performed on the Si(lll):As-l X 1
surface placed in a purposely designed UHV chamber"
and profited from the vertically polarized synchrotron X
rays available at BL-14B2'. The emission profiles
observed from monolayer As atoms on the Si substrate
near the 220 Bragg reflection show very good agreement with those calculated assuming highly ordered As
atoms occupying the three fold-symmetry sites on the
bulk-like Si(lll) surface (Fig. 1). Profile fits confirmed
that displacement from this position is less than 3% of
the Si (220) interplanar spacing. The determined coherent fraction was greater than 0.8, indicating a highly
ordered As structure. The result obtained here is consistent the previously proposed model with As atoms
substituting for the Si atoms at the topmost site of the
Si(lll) double plane. The technique is being extended

i

i

0

1 ~

50

A9 (u.rad)
Fig.1 As fluorescence signals (closed circles), specular-beam fluxes (open circles) and diffracted
fluxes (crosses) observed from a Si(111): As-1 X
1 surface near the grazing-angle 220 Bragg condition of Si at glancing-incidence angles 1.12 (a),
1.86 (b) and 2.64 mrad (c) for the primary X-ray
beam of 16.84 keV.

to As-deposited Si(100) surfaces3', where the structures
of the 1X2 and 2X1 domains are explored, in addition
to the As-As dimer bond length and disorder.
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2. STRUCTURE CORRELATION OF SiGe / Si
SUPERLATTICE INTERFACES
Growth of SiGe/Si superlattices shows unusual
roughening behaviors indicating that the top interfaces
of SiGe alloy layers are rough and this roughness is not
replicated in Si layers grown on top of the alloy, but
successive SiGe layers show roughness that can be
correlated with that of underlying SiGe layers. The
structure properties of this behavior were investigated
by X-ray reflectivity and diffuse scattering measurements on various samples at BL-20B. Interesting features were observed from a sample containing 10
periods of Si(50A)/Si 1—x Gex(50A) bilayers with x =
0.1, grown by MBE on a slightly miscut Si(lll) substrate. Specular profiles, with suppressed even-order
Bragg peaks, evidencing equally thick Si and SiGe
layers, show rms roughness of 8A and 9.5A for the
SiGe/Si and Si/SiGe interfaces respectively when fit by
a model using the distorted-wave Born approximation
(DWBA). Offset <o — 26 scans show oscillatory profiles
with features related to those in the specular profiles,
indicating that the roughness structures in the different
interfaces are correlated. The correlations manifest
themselves as diffuse scattering peaks, S, and S2, commonly observed on a series of w scans made at different
q7 values. S, is located at a fixed qx value corresponding
to a 3700A lateral wavelength, which is ascribed to a
bunched step structure replicated by the successive Si
and SiGe layers deposited on the vicinal substrate

0.0001

-0.6
Fig.2

-0.4

-0.2
0
0.2
delta theta (degrees)

0.4

orscan profiles (data points) at 20 = 0.7° (top),
1.0° (middle) and 1.2° (bottom), together with
DWBA fits (lines), for a Si09Ge0,/Si heterostructure. Specular peaks at the center and
Yoneda peaks towards the right and left ends.

Si(lll) surface. The 0.6° miscut angle and the 3700A
wavelength indicate that 10 single-height atomic steps
are bunched together to produce ten-layer height steps.
S2 is believed to arise from a partially correlated 3D island structure on the top interfaces of the SiGe layers.
The qx positions of this peak indicate 1900-2300A for
the island size, which is consistent with electronmicroscopy observations.

3.

MODEL-INDEPENDENT DETERMINATION
OF NEAR-SURFACE LATTICE STRAIN
FROM X-RAY ROCKING-CURVE DATA

There have been a series of works which determined the depth profiles of near-surface lattice distortions in single crystals from triple-crystal X-ray diffractometry data without replying on models. The highest
depth resolution achieved reaches 25A. The technique
uses a logarithmic dispersion relation to determine the
phase of the structure factor with information available
a priori on the sample structure. Phase information was
obtained from the observed rocking-curve profile via a
logarithmic Hilbert transform and the a priori information was used to select the zeros to be included in the
solution, thus solving the ambiguity problem intrinsic to
the inverse scattering problem. The experiments profited from the low background of the evacuated BIGDIFF diffractometer, used with a four-bounce crystal
analyzer, on the Australian National Beamline Facility
(BL-20B) to measure rocking curve profiles of a symmetric Bragg reflection over a six-decade intensity
range1'. In the ID case, the vertical lattice spacing in
90-160A-thick epitaxial SiGe layers in a SiGe/Si superlattice was found to be much smaller than predicted by
Vegard's law2). For the 2D case silicon crystals implanted with high-energy B + ions through a periodical
mask pattern were investigated, where the solutions
obtained by applying the phase retrieval technique to a
series of satellite reflections were Fourier synthesized to
build 2D strain maps 34 '. Localized strains perpendicular
to the surface arising from deposited ions in nearsurface layers were displayed with spatial resolutions of
0.016 and 0.265 ^m in the depth and lateral directions
respectively (Fig. 3), which are higher than those
achieved so far with other X-ray imaging methods.
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SR from BL-18A was applied to study the structures of
well-ordered surface phases of 2 X 3 , 2X2 and 4 X 3 induced by In adsorption on Si(001)'~ 4) . Although the
(group-Ill metal)/Si(001) interface is one of the most
important metal/semiconductor interface system in the
device technology, its surface structures have been uncertain. Furthermore, the 2 X 2 and 2 X 3 reconstructions, which are common to all group-Ill metal adsorbates, have attracted much interest recently due to their
unique dimer structures5'.

2.0E-3 „

The full angular distributions of In 4d photoelectron intensities (so called angle-scan PED patterns)
were measured by rotating the sample and the angleresolved analyzer at photon energies (hi/s) of 70.9,
99.1 and 100 eV for the Si(001)2X2-In surface (Fig. 4)
and also for the 2X3-In and 4X3-In surfaces at hv =
100 eV. For the 2 X 2-In surface, a rigorous R-factor
analysis was done using a recently-developed fullmultiple-scattering-simulation method of PED (see Fig.
4) to give detailed structural parameters of the surface
dimer structures formed, e.g., In dimer length 2.84±
O.lA and In-Si layer spacing 1.44 ± O.lA 12) . It was
found that the determined structures are consistent to
the theoretical prediction by total energy minimization
and the very recent experimental results by tensorLEED. In the comparison of the PED patterns of different surface phases, a striking similarity was found between the PED patterns for the 2X2 and 2 X 3 phases.
It shows that the local structures around In adsorbates
of these two phases are almost identical and PED in
this energy range is sensitive almost only to the nearest
neighbors from an In emitter. This very local sensitivity
can be an advantage for a local structure probe since it
would reduce the number of parameters to be optimized in simulations. Similar PED results for the 4X3In phase is now under analysis.

Fig.3 2D strain map reconstructed for the Si(111) crystal implanted with 100 keV boron ions through a
periodic surface oxide mask pattern. 11 satellite
reflections are used to produce the image.
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4. PHOTOELECTRON DIFFRACTION STUDY
OF In/Si(001) INTERFACE
Photoelectron diffraction (PED), where the angular
distributions and / or the hv -dependences of photoelectron intensities are measured, is a 'local1 structural
probe, which has the uniqueness of elemental-, chemical- and even site-specificity. PED for surface structural
analyses has grown up as one of the most promising research fields using soft X-ray synchrotron radiation
(SR) in last decade. This is stimulated also by the recent development of the high-resolution and highbrightness soft X-ray beam lines on the new 3rd generation SR sources.
In Photon Factory, there has been almost no report
on the surface structure studies by PED up to now,
although interesting PED works using the circularlypolarized SR and the 2-dimensional analyzer has been
performed by Daimon et al. for bulk Si.
An extensive angle-scan PED investigation using

Fig.4 The angle-scan PED patterns of In 4d3/2 for the
Si(001)2X2-ln surface taken at hi/= 100 eV. The
simulated PED pattern is in the left panel; experimentally measured one in right.
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In addition, a large difference was found in the
PED patterns for the two spin-orbit components of In
4d levels, In 4d5/2 and In 4dV2. It indicates that there is
a strong angular variation (up to 40% of the statistical
value of 1.5) of the spin-orbit branching ratio (BR) for
In 4d from In overlayers on Si(OOl)1 3). In order to
clarify its origin, extensive BR measurements have been
performed in the angle-scan PED for the In 4d of the 2
X2, 2X3 and 4X3 phases at hu's of 70.9, 99.1 and 100
eV. It was found that the BR angular anisotropy depends on both local structures of surface and hv's. A
careful analysis of these results unambiguously showed
that the anisotropy of BR is a manifestation of the difference in the photoelectron final-state wave-functions
for the two spin-orbit components through PED 3 4 ) .

5. NEXAFS STUDY ON SURFACE AND INTERFACIAL STRUCTURE OF ORGANIC
MOLECULES
Surface and interfacial properties of organic molecules have been the subject of considerable recent interest. Various surface sensitive (or specific) techniques,
such as electron spectroscopy with UHV system, nonlinear optical spectroscopy, STM, IR-RAS etc. have
been applied to the related problems. Recently, NEXAFS (Near Edge X-ray Absorption Fine Structure) has
been recognized as a useful probe of the structure and
orientation of organic molecules. Their spectroscopic
nature and the surface sensitivity by virtue of the short
escape depth of photoelectron may provide wide variety
of information which can not be obtained by other
means.

To summarize, low-energy (<L100 eV) PED using
SR was successfully applied to the structure determination of semiconductor surfaces. This work is now being
extended to higher h ^ 's of 100~400 eV using BL-7A.
The new tool of PED using SR is expected to be applied to a wider variety of surfaces and to evolve into
photoelectron holography. However, further developments are highly required for an efficient data taking,
i.e. developments of higher-resolution and higher-flux
soft X-ray beam lines along with multi-detection photoelectron spectrometers.

Surface structure of rubbed polyimide films, which
is widely used as aligning layers for liquid crystal display
devices, was firstly investigated with use of NEXAFS".
An effective depth (50A) of the rubbing process was
successfully detected. C K-edge spectra at various incident angles have revealed that the structure of BPDA
polyimide differs with the number of alkylene unit, that
is, even numbered BPDA forms a trans-transoid conformation contrary to the case of odd numbered BPDA
having a trans-cisoid type as shown in Fig. 5. Assuming
a selective adsorption of the liquid crystal molecule on
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(a) BPDA-C8

rubbing direction

(b) BPDA-C7

Fig.5 Conformations of (a)BPDA-C8 (trans-transoid)
and (b)BPDA-C7 polyimides (trans-cisoid) at film
surfaces. Arrows represent the mechanical rubbing direction applied on the film surface.
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to the polyimides, the experimental results on the average direction of the liquid crystal alignment was well
explained2'.
The surface structure of liquid has also been intensively studied. Recently, surface freezing of liquid nalkane
was discovered
by X-ray
reflection
3
measurement '. Surface freezing effect refers to the
phenomena where a liquid surface first freezes while
descending temperature and the ordered thin layer at
the surface remains on the liquid bulk substance for a
few degrees above T m (melting point). NEXAFS spectra have successfully detected the existence of the surface freezing of n-C50Hio2 (pentacontane) as illustrated
in Fig. 64). The temperature variation of a* (C-H) resonance peak at the region A is attributable to the range
of the surface freezing effect. Incident angle dependence of NEXAFS has revealed that the molecular long
axis uniformly aligns perpendicularly to the air/liquid interface.
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Fig.6 Temperature variation of a* (C-H) resonance
peak. In the process of increasing temperature,
bulk melts first at Tm followed by the surface
melting. Intensity variation at region A is due to
the surface freezing effect.
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G. STRUCTURE AND FUNCTION OF PROTEINS

BL6A and BL18B, the following three topics will be
highlighted here : A) the elucidation of the structure of
cytochrome c oxidase from bovine heart, B) the more
rational approaches to the solution of the phase problem in protein crystallography making use of selenomethionyl proteins and C) the efforts toward the elucidation of the dynamical structural change occurring in
protein crystals making use of the time-resolved Laue
diffraction method.

Introduction
As in the previous year [1], many protein structures have been solved using the well-established macromolecule-oriented Weissenberg camera [2] installed at
the beam line BL6A [3]. Moreover a new type multifunctional camera has recently been constructed by N.
Sakabe and installed at the beam line BL18B. The new
type multi-functional camera, which has been financially
supported by a grant-in-aid for scientific research on
priority area No. 05244105 (see the section C) below),
has several fundamental advantages over the old type
camera installed at BL6A which may be briefly described as follows [4].

1. The elucidation of the structure of cytochrome c
oxidase from bovine heart.
The crystal structure of bovine heart cytochrome c
oxidase has been solved by T. Tsukihara et al [5,18]
based on the X-ray diffraction intensity data collected
at the Photon Factory. The enzyme is a large multicomponent membrane protein complex with molecular
size of 200 kilodaltons comprising 13 different
polypeptide subunits (Fig.l). Located in the subunits
are two heme A moieties, two redox active copper
sites, one zinc and one magnesium ions. The main function of the cytochrome oxidase, the terminal enzyme in
the respiratory chain, is energy conservation. Situated
in the inner mitochondria! membrane in eukaryotic
organisms, cytochrome c oxidase is a proton pump that
uses redox chemistry to drive protons from the
mitochondria! matrix across the membrane. The electrochemical potential thus generated causes protons to

1) Two cylindrical cassettes with the radii of 430
mm and 1290 mm are, available.
2) On the larger cassette, two special-size imaging
plates (IPs) with a dimension of 400 mm X 800 mm can
be set side-by-side.
3) A specific IP reader, named IPR4080, has
been developed in a collaborative effort between the
team at the Photon Factory led by N. Sakabe and a
team at Fuji Film Co. Ltd to read out intensity data
from the above-mentioned special-size IPs.
4) Thanks to the characteristics 1) through 3)
mentioned above, the maximum possible resolution has
been extended to 1.13 A (vertical direction) and 2.4 A
(horizontal direction) when using the cassette of 430
mm radius and X-ray beam of 1.0 A wavelength. The
corresponding figures are 2.02 A (vertical direction)
and 3.4 A (horizontal direction) when using the cassette of 1290 mm radius.
5) In addition to the horizontal film cassette
movement, which is essential for Weissenberg-type
geometry, the capacity for vertical cassette movement
has been added. Thanks to this characteristics, the
overlaps of diffraction spots can be much more efficiently avoided than in the case of the old type Weissenberg camera although this capacity has not yet been
exploited due to the limit in software capacity.
6) The new camera can be conveniently used to
record Laue diffraction patterns as a function of time.
Hence the camera is multifuncitonal perhaps deserving
the name of the time-resolved Laue cum Weissenberg
camera.
Among many achievements performed more or less
taking advantage of the facilities at the beam lines

Fig.1 Three-dimensional structure of cytochrome c oxidase from bovine heart having a molecular
weight of 400 kilodaltons [5]

S-24

of Synchrotron X-ray beam, which are much more intense and has much smaller divergence and 2) the
availability of the IP detector which has much wider
dynamic range and much less fog level. Thus the macromolecule-oriented Weissenberg camera [2,3] installed at
the Photon Factory, as well as other two-dimensional
detectors installed at other Synchrotron Radiation
Sources in the world, has not only shortened the data
acquisition time but also served in dramatically improving the quality of the acquired data. In any case, the
achievement of T. Tsukihara [5] is a tremendous encouragement for world-wide protein crystallographers
and is bound to lead to the elucidation of many other
crystal structures of protein complexes of comparable
size, which would make our understanding of the
mechanism of various biological machineries much
wider and deeper. Finally the structure of another
cytochrome c oxidase from the bacterium Paracoccus
denitrificans, which is much simpler (consisting of four
(rather than 13) subunits) but performs similar biological function, has independently been solved by S. Iwata
et al of the laboratory of H. Michel [7]. It should be
noticed that, in this work also, the X-ray diffraction intensisty data were collected by using the Weissenberg
camera installed at BL6A of the Photon Factory.

flow back into the matrix resulting in the synthesis of
ATP, the biological molecular device to store energy.
With 13 different subunits, the mammalian
cytochrome c oxidase is by far the most complex membrane protein to yield a defined structure. This remarkable achievement is the result of a long-term (20 years)
and painstaking collaboration between the biochemical
group led by S. Yoshikawa and the crystallographic
group led by T. Tsukihara.
From the technical point of view, the most remarkable feature about this crystal strucutre analysis is that
the asymmetric unit (or the independent region in the
unit cell) comprising two subunits has a total molecular
weight of 400 kilodalton, one of the largest number
solved by de novo crystal structure analyses employing
the well-established MIR (multiple isomorphous replacement) method [6]. As described in the previous review [1], the largest number ever solved by the MIR
method is 1600 kilodalton (four tetrameric molecules of
/9-galactosidase each of 400 kilodalton) achieved by B.
Matthews and his colleague [19] using the beam line
BL6A of the Photon Factory. It used to be the commonly accepted view that, for solving the structures of
crystals having such large asymmetric units, use of specifically designed (and synthesized) extra-heavy-atom
compounds is a requisite to solve the phase problem. In
the recent achievement by T. Tsukihara et al [5],
however, simply the kinds of heavy-atom reagents,
which have been conventionally used (IrCl6 and
CH,HgCl), turned out to give sufficient phase information up to 5 A resolution and further extension up to
atomic resolution was possible by employing the modern techniques of electron density modification and socalled hitogram matching (for details of these techniques, see, for example, the textbook by J. Drenth [6]).
Attachment of bulky extra-heavy-atoms to protein surfaces tends to break good isomorphism (less than, say,
0.2% in lattice parameter change) which is essential for
successful MIR procedures. Thus, apart from the difficulty in obtaining extra-heavy-atom compounds, the use
of conventional heavy-atom reagents is much desirable.
It should be emphasized here that the successful use of
conventioinal heavy-atom reagents in solving such a
huge structure has been made possible mainly because
of much higher precision of the X-ray intensity data
which resulted in accurate estimation of the differences
between the intensities from the protein crystals and
those from the heavy-atom-labeled protein crystals.

2. The more rational approaches to the solution of
the phase problem in protein crystallography
making use of selenomethionyl proteins.
Among various approaches to solve the phase
problem in protein crystallography without resort to
trial-and-error searches for good isomorphous heavyatom derivatives, the method employing selenomethionyl (SeMet) residues (the amino acid residue
where the S(delta) atom of the sidechain of normal
methionine (Met) is replaced by a selenium atom)
appears to be most powerful and generally applicable.
In this method pioneered by W.A. Hendrickson and his
colleagues [8], 1) SeMet residues in place of normal
Met residues are incorporated into the polypeptide
chain of the target protein by cultivating a Metrequiring species of the bacterium E. coli transfected
with the relevant gene in the medium containing abundant SeMet, 2) the relevant SeMet protein is crystallized and 3) X-ray diffraction intensities are collected
from (in principle) a single crystal at three different
wavelengths set around the absorption edge of the selenium atom so as to optimize the estimation of the in-

The much more accurate intensity measurement, in
turn, has been made possible through 1) the availability

S-25

tensity difference due to anomalous scattering effect of
the selenium atom. The method known as the MAD
(multiple wavelength anomalous dispersion) method can
be thought of as in situ multiple isomorphous replacements (MIR) generated by the variation in scattering
factors that accompanies change of wavelength. Unlike
the MIR method, however, here isomorphism is perfect
and, in principle, a single crystal can suffice. The potential for such experiments has long been recognized, but
effective use awaited synchrotron radiation where very
fine tuning of the wavelength of the incident X-ray
beam can be a practical prodecure.
During the period covered by the present Activity
Report, one successful example employing the SeMet
MAD method emerged [9] where the crystal structure
of the macrophage migration inhibitory factor (MIF)
from rat liver (with a molecular weight of 12.3 kilodalton) has been solved (Fig.2). Using the Weissenberg
camera at BL18B, three sets of X-ray diffraction data
were collected using a set of wavelengths 0.9794 A
(peak), 0.9797 A (edge) and 0.9005 A (remote). The
final crystallographic R-factor at 2.2 A resolution was
0.197 for 94.7% of the experimental data between 5-2.2
A without considering solvent molecules.

Fig.3 Three-dimensional structure of the octameric
molecule of a PCB-degrading enzyme, BphC,
having a total molecular weight of 250 kilodaltons
[10].

rious substrates, the PCB (polychlorinated biphenyl)
compounds, one of the most notorious environmental
pollutants. Although Senda et al solved the phase problem essentially by the conventional MIR method based
on a set of X-ray diffraction data collected in laboratory, they found that the presence of 9 selenium atoms
(as markers of the Met residues) were of tremendous
help in correctly interpreting the electron density map.
In a later analysis, T. Senda has noticed [11] that even
the set of laboratory X-ray data (native Met protein vs.
SeMet protein) has a considerable phasing power if not
sufficient to lead to a complete tracing of the
polypeptide chain. As usual, the structure of the BphC
enzyme was finally refined against the 1.8 A resolution
data collected at BL6A of the Photon Factory.

Using the same technique, T. Senda et al [10] prepared the SeMet-substituted protein specimen of an extradiol ring-cleavage type dioxygenase from a Pseudomonas species (the BphC enzyme). The BphC enzyme
consists of 8 identical subunits each of 32 kilodalton resulting in a total molecular weight of 250 kilodalton
(Fig.3). The enzyme is a constituent of an aromatic
ring-cleavage pathway which can degrade, among va-

3. The efforts toward the elucidation of the dynamical structural change occurring in protein
crystals making use of the time-resolved Laue
diffraction method.
As mentioned in the Introduction, the new multifunctional camera installed at BL18B is so designed as
to have a capacity for recording both Laue and Weissenberg X-ray diffraction patterns. Several Laue pat-

Fig.2 Three-dimensional structure of macrophage
migration inhibitory factor from rat liver solved by
the MAD method (see text) [9].
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terns can be recorded on a single IP detector with a certain time interval. Attempts at utilizing the classical
Laue diffraction methods for the elucidation of protein
structures changing as a function of time have become
realistic only with the advent of synchrotron radiation
as a source of continuous and intense X-ray beam [12].
The new time-resolved Laue cum Weissenberg camera
has been installed at BL18B constructed by N. Watanabe at the Photon Factory. This project has fully been
supported by the Ministry of Education, Science and
Culture of Japan through grants-in-aid for scientific research on priority area Nos. 05244101, 05244102 and
Nos. 05244104, 05244105 represented by Prof. N.
Sakabe (Tsukuba University). The priority area is scheduled to be active through the period 1993 to 1996. The
priority area is now enjoying the participation of nealy
50 reaearch groups specializing in diffraction physics,
instrumentation, software development, crystallography,
spectroscopy, enzyme biophysics, enzyme biochemistry
and organic synthesis.

Fig.4 Difference electron density (caged) corresponding to the bound ligand (caged skeleton) as revealed by a 20 msec single-shot Laue diffraction
exposure [14].

tional Weissenberg method using monochromatic X-ray
beam and thus were almost perfect with respect to the
coverage of the reciprocal space, it is remarkable that,
in a favourable condition, a single-shot Laue exposure
can yield such an image as shown in Fig.4, which clearly
has enough potential to give at least partial information
as to the structural change in the active site of the enzyme occurring upon certain triggering impacts.
As is now well known, however, one of the most
difficult problems inherent to time-resolved Laue diffraction experiments is how to give the triggering impact to the target crystals. The consensus now appears
to be that the method employing the so-called "caged"
compounds is the best one. In this method, the "caged"
compounds are specifically designed to protect the reaction group through covalent binding with a chemical
group (most popularly the ortho-nitro benzyl group)
which, in turn, is liberated from the reactive group
upon irradiation with UV or visible light (most popularly the light at 340 nm wavelength). In practice, however, the method employing the "caged" compounds is
bound up with various inherent difficulties : nonuniform irradiation by light due to absorption through
the light path in crystal and the solubility limit of the
"caged" compounds, to mention only a few factors. Various attempts to break through these difficulties are
now in progress for the crystals of RNase A as well as
for other protein crystals.

For the sake of space limit, only one achievement,
which has been performed by T. Nonaka, will be highlighted here. The obvious preliminary experiments
along this line of efforts is the attempt to deduce a protein structure based on a set of static Laue diffraction
data. Obviously the data set must be recorded with a
single Laue exposure (without changing the crystal
orientation) so that the experiment is a meaningful preliminary step toward the final purpose of carrying out
time-resolved experiments. To collect a set of X-ray diffraction data sufficiently covering the independent area
of the reciprocal space in a single-shot experiment, the
target crystals must have high (Laue) symmetry and the
direction of the incident X-ray beam must be very carefully chosen. With this point in mind, T. Nonaka has
made an extensive survey over the polymorphic crystals
reported so far for a classical enzyme RNase A (ribonuclease A from bovine pancreas) and its modified
form, RNase S [13]. Using the crystals of RNase A crystallized in the highest available symmetry (Laue group
3m), Nonaka was able to collect a 2.5 A, 45% complete
data set from a crystal of RNase A complexed with a
substrate analogue 3'-UMP in a single-shot Laue experiment (0.7-2.0 A wavelength range) by a single-shot
Laue exposure enduring only 20 msec [14]. As shown in
Fig.4, this data set exhibited an excellent difference
electron dnesity for the bound ligand, 3'-UMP, when
difference Fourier map was calculated against the data
taken from a crystal of the enzyme (RNase A) alone.
Although the latter data were collected by a conven-

Other attempts at realizing time-resolved Laue diffraction experiments are in progress in several other
groups working for the above-mentioned Japanese
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H. THEORETICAL RESEARCHES

In order to answer this problem, we first investigated each effect separately because it was too difficult
to treat those entangled effects at the same time from
the beginning. As for the core attraction, we already
clarified last year that it leads to an energy gain of the
Auger electron and a loss of the photoelectron. This
year, we have extended our formulation to include the
electron-electron (e-e) repulsion and clarified its effect
completely. Briefly speaking, the e-e repulsion gives an
almost reverse effect, namely, part of the kinetic energy
of the Auger electron is transferred to the photoelectron. In this case, the physical image is somewhat difficult to understand intuitively. In fact, the way of sharing is determined by the initial phase of the twoelectron wave function.

The theoretical group of Photon Factory was established in 1993. The staff consists of one professor and
two research associates. Until now two students, one of
whom is from Bangladesh, have received the Ph.D. degrees, and now two students are registered. In the following, a brief research is presented.

1. Lopsided Energy Sharing between a Photoelectron and an Auger Electron in Solids
1.1. Introduction
The phenomena of the Auger decay have been
observed in many systems since the discovery by Auger
in 1925. As it is well known, the essence is rather simple: a core hole created by some reason is destroyed by
the electron in a higher level and, accordingly, another
electron is emitted from the atom. Here, we are interested in the cases of photoexcitation, in which the
core hole is made by exciting a core electron into the
continuum states by photons. When the energy of the
photon is larger than the threshold energy, the electron
becomes a photoelectron and propagates almost freely
until it is detected. In this simplest framework, the
kinetic energy of the photoelectron is determined by
that of the photon, and that of the Auger electron is always constant representing a fixed level scheme.

Now, we know that the two effects are competing,
and so the remaining question is what type of dynamics
is realized in consequence of such competitions. In
order to answer this question quantitatively, we will
take into account both effects and examine the energy
spectrum for propagating electrons in various cases as
shown later.
1.2. Model
In actual calculations, we prepare electronic states,
using a rather simple model as shown in Fig.l. Here we
take into account only two core levels: a deep one and
a shallow one. Thus this is a minimum model to study
the Auger decay. The continuum states are also chosen
as the most simple ones. Namely, only s-waves are included, by assuming that the spherical symmetry is
good enough around the atom. In order to obtain those

In actual cases, the above framework is too simple.
We must take into account the following two final-state
interactions associated with the present excited states:
the core attraction by the ionized atom and the
Coulomb repulsion between the two propagating electrons. With these interactions, their kinetic energies are
no more constant because the two electrons can share
kinetic energies and a part of the energy is transferred
from one to the other. Then, a new question arises.
That is, in which direction does the energy transfer
tends to occur within the restriction of energy conservation? From the photoelectron to the Auger electron or
vice versa?
The experiments performed so far, seem to give
the answer: the photoelectron lopsidedly loses some
energy and the Auger electron receives it. In particular,
the most outstanding case is where the energy of the
former is close to the threshold. In fact, the energy loss
of the former becomes largest in that case. Thus, it is
our main concern to clarify why such lopsidedness
occurs in the dynamics of energy sharing.

e-e Repulsion

Core Attraction
Deep Core Level

Fig. 1 A schematic picture of a 'minimum model1 to
study a dynamics of a photoelectron and an Auger electron.
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wave functions, we solve a semi-infinite one-dimensional tight-binding Hamiltonian with appropriate attraction
potentials.

Different line shapes correspond to various screening
cases. In all of them, f, is fixed at ten times the Bohr
radius. The screening length for the e-e repulsion, £>,
on the other hand, is zero, five and forty times the
Bohr radius for the solid, chain and dashed curves, respectively. As it is clearly seen, the spectral shape
varies continuously with the increase of £>. When £, is
much larger than £>, we find the asymmetry that the
lower energy side is enhanced and the higher energy
side is reduced. On the other hand, when £, is much
smaller than £>, we find another asymmetry that the
lower energy side is reduced and the higher energy side
is enhanced. This means that the direction of the net
energy transfer between the electrons is very sensitive
to the two parameters, and various types of dynamical
energy sharing is realized. In the case of an isolated
atom, such screening cases might be somewhat unrealistic, but, in the case of solids, we can expect a variety of
situations. In particular, the core hole is essentially a
static charge, while the Auger electron is a dynamical
charge when they are seen from the photoelectron.
Thus, the choice of different values for£| and £ become
more realistic.

1.3. The Electron-Electron Repulsion and More
In the following, we show one typical example that
well illustrates the dynamics. In this case, the kinetic
energy of the photoelectron is much larger than that of
the Auger electron. Generally speaking, when the
photoelectron has only a small kinetic energy, the effect
of the core attraction is rather large and superior to that
of the e-e repulsion. In this case, the former is
weakened by rapid propagation of the photoelectron.
The competition that we mentioned at the beginning,
therefore, becomes severer. In the rest of this section,
we use the notation that the screening lengths for the
core attraction and the e-e repulsion are expressed as ^
and £, respectively.
In Fig.2, we show several photoelectron line
shapes. For all the line shapes, the nominal energies are
common and set at 6.5 au and 1.0 au (au=27.2eV) for
the photoelectron and the Auger electron, respectively.
$2=0
$ 2 = 5 aB

2. Three Band Theory for Three Types SelfTrapped Excitons in Alkali Halids

$ 2 = 4 0 aB

Photoelectron Peak for Various

$'s
As the most basic processes of radiation damage,
excitons and their subsequent lattice relaxation processes in non-metallic solids have been a subject of considerable interest in these twenty years. In particular,
charge-separation processes of an exciton into an electron and a hole, together with local lattice relaxation,
have been the problem of great interest. It is well
known that, from this charge-separated state, various
photo-chemical reactions can occur, such as the photographic effect, the optical composition and decomposition, and defect formations. As a typical example for
these various photo-chemical reactions, lattice relaxation processes of an exciton in alkali halides have been
studied very intensively."
In the past several years, substantial progress has
been made to clarify origins of various emission bands
coming from the self-trapped exciton (STE). Kan'no et
al. 2 ' discovered the presence of three kinds of emission
bands from their experiments on mixed alkali halides,
i.e. emission bands of a small Stokes-shift (type I), of a
large shift (type III), and of an intermediate one (type
II). These three types of emission bands are inferred to

X!
CO

CO

o

6.5

7.5

Energy ( au
Fig.2 The photoelectron line shapes in various cases of
screening. In all of them, the screening length for
the core attraction is fixed at ten times the Bohr
radius, while that for the e-e repulsion is zero,
five and forty times the Bohr radius for the solid,
chain and dashed curves, respectively.
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come from different lattice configurations of the STE.
The type I emission seems to come from a hole localized in dimerized two halogen (X)'s with an electron
loosely trapped around it. In this case, the X-X distance
becomes short, and the symmetry of the STE is reduced
from Oh to D211. but still keeping even parity. The dimer ion (Xz~) in alkali halide crystals is usually called
"V K " center and hence this type STE with even parity
is called "VK + e"3). Meanwhile, the type III emission
seems to come from an X2~ ion which is pushed out
along <110> direction from their regular halogen ion
sites. In this case the electron constituting an exciton is
trapped in a halogen vacancy thus created. This is a
charge-separated STE without parity. They have also
proposed the type II that corresponds to an intermediate case between the types I and III.

which consists of an electron trapped at the halogenvacancy.
Our Hamiltonian4', which is not explicitly given
here to save the space, includes the site energies, transfer energies of the electron and the hole constituting an
exciton, the Coulombic interactions between the electron and the hole, and the interactions between ions.
The state of electron is assumed to be written by a
linear combination of the s-orbitals and the v-orbitals.
It is also assumed that envelope of these s-orbltals is a
Gaussian whose center and width will be determined by
the variational method. The hole is assumed to spread
over only in the pn orbitals and its wave function will
also be determined by the variational method. Thus the
total energy can be calculated for every ionic configuration by the variational methods, and these calculations
are iterated until we get a minimum energy. Three
types of energy minima A, B and C with different lattice deformations are finally found. The type A is a
one-center STE, the B is a deformed V K + e and the C
is a charge-separated STE. These results are obtained
in a very wide range of parameter values. In Fig.3, the
ionic configurations of A, B and C on [110] plane are
schematically shown, together with distributions of the
hole and the electron. In these figures, larger open circles (indicated by X ) denote iodide ions and smaller
ones (indicated by A + ) denote alkali ions. Closed circles schematically show fractions of the hole distribution
on each iodide ions. While, a large open circle (indicated by e) schematically denotes the radius and center

The present report is devoted to a theoretical investigation on STE's in alkali halides, by using the following three band model.4' The electron moves over
diffuse orbitals centered always at the regular halogen
lattice sites, in addition to the s-orbitals on the alkali
ion sites. We call this diffuse orbital v-orbital hereafter.
While, the hole moves over the p-orbitals which are always centered at X-ions. As for the interionic potentials, Mayer-Huggins model will be adopted. In the perfect lattice, the energy of the v-orbital is much higher
than that of the s-orbitals. However, when an X ion is
pushed out from the regular lattice site because of the
lattice relaxation, the v-orbital of this site is pulled
down well bellow the s-orbital, resulting in the F center

Type A

Type B

Type C

Fig.3 The A, B and C types of the STE with distributions of the hole and the electron
on [110] plane. Larger open circles (indicated by X" denotes the positions of
iodines and smaller ones denote the alkali ions. Closed circles show frations of
hole distributions on the iodine ions, i.e. ratios of the closed and open circle's
radii denote the fractions. While, a large open circle (indicated by e) denotes
the radius and center of the Gaussian.
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Nal, while both types I and II are observed in KI, and
all types I, II and III can be observed in Rbl. From
these facts, we can presume that Kan'no's types I and
type III correspond to our B and C, respectively. A
state corresponding to the type II is not found in our
present result. Recent studies by femtosecond pump
and probe spectroscopy 6 ) J ) have suggested that in the
initial stage of the self-trapping, a new precursor state is
expected to be formed. Iwai et al.8) have proposed that
this precursor state is a one-center type self-trapped
hole. Our type A may correspond to this precursor
state, and further studies are necessary on this problem.
A strong asymmetry of the type B can be attributed to
the Coulombic attraction between the electron and the
hole. If some screening effects between the electron
and the hole were taken into account, the asymmetry
may be weakened. The short-range nature of the transfer integral of s-orbital is also responsible for this asymmetry. More precise consideration of these factors is
necessary.

of the Gaussian. In the type A, the hole is localized
almost on iodine 3 and the electron is distributed almost
in the s-orbitals on the alkali ions, but scarcely in the vorbitals. It is also seen that the alkali ions adjacent to
iodine 3 are displaced outward. Thus, the type A can
be called a one-center STE with D2h symmetry. In the
type B, the hole is shared by iodine 2 and 3 which are
displaced inward with each other. It should be noticed
that the hole is much more shared by iodine 3 than
iodine 2. While, the electron distribution is almost same
as that of the type A. The type B is resemble to the
"VK + e" mentioned before, but the D 2h symmetry is
clearly broken. Thus, we can call it a deformed (VK +
e). In the type C, the hole is almost equally shared by
iodines 2 and 3, which are both largely displaced toward
iodine 1. The lattice site which iodine 3 is originally
occupied has now become vacant. While the electron
enters into this v-orbital and its neighboring s-orbitals.
This type C can be called a charge-separated STE and
corresponds to the "off-center type STE", which is
proposed through the Hartree-Fock calculations for
alkali-chlorides clusters by Leung et al., 5) Table I shows
values of energies of A, B, and C minima for different
parameters corresponding to the case of Nal(a), KI(b)
and Rbl(c), respectively. It is seen from this table that
the type A is always the highest and the type C is absent in (a) and (b).
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Now we will discuss these theoretical results in connection with experiments. According to Kan'no et al. 2)
it is well known that only type I emission is observed in

Table I Energies (eV) of the type A, B, and C minima.
Parameters are set to correspond to Nal(a),
Kl(b) and Rbl(c).

A
B
C

-2.9897
-3.0864

b
-3.2155
-3. 3751

c
- 3 .2407
- 3 .4241
- 3 .4683
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Experimental Facilities

New powder diffractometer with a multiple-detector system
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A. BEAMLINES
1

IMPROVEMENT OF OPTICAL
ELEMENTS IN BL-4C

2
New optical elements were installed in BL-4C
during the 1995 summer shutdown. The outline of the
beam line was previously described in Volume 12". The
sagittal focusing monochromator was replaced by a flat
double-crystal monochromator which would ensure
good energy tunability. In order to focus the
monochromatic beam, the cylindrical mirror was bent,
bringing about a high photon density. The beam line
was opened on the 7th of November and new
experiments on X-ray magnetic Bragg scattering were
started. The performance of the beam line is as follows.

BL-6B is to be constructed as a beamline for
macromolecular crystallography using a Weissenberg
camera and an imaging plate. The layout of the new
beamline is shown in Fig. 1. The beamline consists of
a Pt coated bent plane Si single crystal mirror and an
asymmetrically cut cylindrical Si (111) monochromator.
The mirror and the monochromator are located at 19.5
m and 23.0 m from the source, respectively. The
expected size of the focused beam is to be 0.1 mm by
0.1 mm, FWHM. The Weissenberg camera equipped in
the experimental hutch has a radius of 573 mm, and the
two large 400 mm x 800 mm imaging plates can be
mounted on the film cassette. Half of the beam-time of
the station will be dedicated to members of the TARA
project.

Monochromator ( Photon Energy ): 6 - 23 keV,
Si(lll)
(Energy Resolution): (AE/E) = 5 x 10"
Mirror: rhodium-coated silicon
Size: 1000 x 100 x 60 mm
Radius of curvature: 53 mm x 5 km
Horizontal Acceptance: 3 mrad
Beam size: 0.6 mm (vertical) x 1.0 mm (horizontal),
Movement of Beam Position: 0.2 mm (vertical),
(E = 6 - 23 ke V)
0.15 mm (horizontal)
Beam Intensity: (mirror focus)/(without mirror) = 160
(E = 17.7 keV)
(mirror focus)/(sagittal focus) = 17
(E= 15.9 keV)
Momentum Resolution: (Aq/q) <103 (Si(lll), X=l.lA)
New Accessories: Polarimeter for magnetic scattering
He flow type cryostat (T = 2.0 K-350 K)
Magnet (H = 2 kOe at a gap of 60 mm)

BL6B beam
center

BL-6B, BEAMLINE FOR THE TARA
PROJECT

3

BL-12C PERFORMANCE OF A NEW
XAFS BEAMLINE

The design and the mechanical performance of the
double crystal monochromator was described in
previous volumes'-2). In brief, the beamline consists of a
double crystal monochromator and a bent cylindrical
mirror. These kinds of optics allow it to be used
separately from the focusing and beam size variation
adjustments functions during energy scanning, which
were experienced when sagittal focusing double crystal
monochromator was used.

BL6B hutch

bent
monochrometor

camera
stage

camera
rotation
arm

N.
20

22

N/

/

detector
24

26

(m)

Fig. 1

Layout of BL-6B
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S i ( l l l ) crystals are used below 16 keV and
Si(311) are used above this energy level. The mirror is
removed when higher energy X-rays, above 23 keV, are
required. A slit defining vertical beam size (Slit 2) was
added between the monochromator and the mirror,
which defines the energy resolution of the beam. The
slit placed before the monochromator could be used for
the same purpose, which inevitably would derive the
temperature gradient on the first crystal at the edge of
the beam even if it is fairly well cooled. Thus, lose the
energy resolution.
The beam size, measured by scanning a narrow
slit, was 1.3 mm (hor.) x 0.6 mm (ver.) in FWHM,
which is a little bit larger than expected. The difference
is due to the imperfect shape of the mirror; the both
ends of the mirror are not bent ideally. The flux gain is
shown in Table 1. As shown in Fig. 2, both the high
flux with fairly high energy resolution, Mode(a), and

Table 1 Observed flux gain by the focusing mirror.
slit size
non foe.
focused
gain

5x1
5.8x10'
1.1x10"
20

lxl
l.lxlO 9
7.4x10'°
65

0.5x0.5
2.7x10*
2.7x10'°
101

focused
gain

8.9xlO10
15

4.8x10'°
44

1.6x10'°
59

a)
b)

The gain is the ratio of the intensity which passes through the
receiving slit, the amount of which is indicated in the table
with and without a focusing mirror, a) Slit 2 fully opened; b)
Slit 2 adjusted so as to measure the usual XAFS spectra as
indicated in Fig. 2b.

the high energy resolution with fairly high flux,
Mode(c), can be selected by adjusting the opening of
Slit 2. These modes are suited for EXAFS and XANES
experiments, respectively. The higher orders were less
than 10" of the fundamental beam when the
monochromator was detuned so that the intensity of the
monochromatized beam was 60 % of the maximum.
The detailed design and performance of the beamline
was reported elsewhere31.
With the help of a 19-element solid-state detector,
BL-12C has extended the objects of XAFS experiments
both in the sample concentration, size, and quantity.
References
1) Photon Factory Activity Report 1993, #11,1-4
(1994).
2) Photon Factory Activity Report 1994, #12, E-l
(1995).
3) M. Nomura and A. Koyama, KEK Report 95-15
(1996).
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BL-16B HIGH RESOLUTION 24-M SGM
BEAMLINE

Commissioning of BL-16B has recently begun.
BL-16B combines a high-resolution 24-m spherical
grating monochromator (H-SGM) with a 26-period
multi-pole wiggler/undulator resulting in high energy
resolution and high flux in the VUV and soft X-ray
regions. The H-SGM was successfully installed during
the 1995 winter shutdown. The first photons came out
through the monochromator in the middle of May 1995.
With a resolving power of approximately 2000 in a
range of photon energy from 40 to 500 eV more than
10" photons/sec were measured in a beam size of less

9.05

Fig. 2 XANES spectra of a copper foil taken with a

Si(111) monochromator at different opening
conditions of Slit 2. The photon fluxes were
7.2x10'° s' (a), 4.8x10'° s"1 (b) and 6.4x10' s' (c)
when the stored current was 300 mA. Thus, both
high energy resolution (c) and high flux modes (a)
can be easily chosen.
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than lmm2. The best resolutions obtained so far, at
substantially lower photon flux, are higher than 10000
at 250 eV, and 8000 at 400 eV. The way is paved for
new experiments in the spectroscopic research field of
gaseous and solid state samples. Resolution is close to
the theoretically expected values, but flux is at least one
order of magnitude lower than the calculated values.
This is probably due to the insufficient focusing
property of the second mirror M,, overestimation of the
grating efficiencies in the calculations, and carbon
contamination of the optical elements.
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 ML is a spherical mirror, which
focuses vertically with 1/10 demagnification onto an
entrance slit. With three interchangeable gratings of
400 I/mm, 900 I/mm, and 2000 I/mm, the H-SGM is
designed to cover the photon energy range from 40 to
600 eV.
The energy resolution of the monochromator has
been tested by photoabsorption measurements of rare
gas atoms and diatomic molecules. The total-ion yield
spectrum of N2 at the Nls-»7C* resonance is shown in
Fig. 3 as an example. Both entrance and exit slits were
set for maximum resolution at 5 (xm. Unfortunately it
was difficult to determine absolute values for the
resolution from the absorption measurements because
the natural linewidths for inner-shell excited states is
not well-established. Comparing this with all available

400

400.5

401

401.5

Photon Energy (eV)

402

data for the Nls—»7T.* resonance in N2 suggests that the
energy resolution is below 50 meV at 400 eV. The
degree of linear polarization of the monochromatized
radiation was determined to be more than 96 % by
photoelectron angular distribution measurements from
He atoms. Further detailed information on the
performance of the H-SGM is being prepared for
publication.

B. NEW INSTRUMENTATION
1

18C POWDER DIFFRACTION IN NONAMBIENT CONDITIONS

BL18C, designed for the powder diffraction
experiment in non-ambient conditions such as high
pressure and/or low temperature, was constructed
during the summer shutdown in 1995. The beamline
consists of a double-crystal monochromator and
horizontal and vertical focusing mirrors.
The double-crystal monochromator is a fixed-exit
type equipped with a double flat crystal, which covers
an energy range of 5 to 25 keV. The second crystal is
long enough to receive the monochromatized beam
from the first crystal without any translational motion
in the X-ray direction. The position of the second
crystal is adjusted up and down to keep the beam height
constant. The measured shift of the beam position
between 7.7 keV and 25 keV was 25 \im in the
horizontal direction and less than 5 [im in the vertical
direction.
Both mirrors are cylindrical types without a
bending mechanism, and made of SiO2 with a Pt
coating. The critical energy is designed to be 25 keV.
The mirror size is designed to have a sample acceptance
of 1 mrad. The horizontal mirror is located 18.4m from
the source with a radius of 1070 m and the vertical
mirror is located at 18.9 m with a radius of 760 m,
while the sample position is 21.5 m from the source.
The focused beam size at 25 keV was 40 ^m in the
vertical direction and 80 u,m in the horizontal direction
(Fig. 4).
A diamond anvil high pressure cell or a circulation
type refrigerator (cooled down to 10 K) is attached to a
vertical type single axis goniometer. Diffracted X-rays
are recorded on a round imaging plate and can be read
out in three minutes. For more precise measurements, a
flat imaging plate is also available. Typical measuring

402.5

Fig. 3 Total-ion yield spectrum of N2 at the N1s->p*
resonance.
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The present MDS consists of five detector arms.
Each arm has Soller slits with a 2° aperture, a flat
Ge(lll) crystal analyzer, and a scintillation counter,
and is set radially at 25° intervals on the 29-axis of the
goniometer. These five detectors can simultaneously
record the whole powder pattern divided into five
segments with an equal 20 span. The flat-specimen
reflection geometry has several advantages over
Debye-Scherrer geometry with capillary specimens: 1)
high counting rates and good particle statistics, 2) low
noise and a high peak-to-background ratio, 3)
correction-free for the absorption by sample materials
containing heavy elements. Moreover, a wide range of
angular resolutions can be obtained by using different
analyzers, and angular positions and intensities can be
accurately measured. The 6th arm, MPA, can be
equipped with various kinds of analyzers, such as the
long horizontal parallel slits3), flat and channel-cut
crystal analyzers, etc.
The beam-line BL-4B 2 has a double-crystal
Si(lll) monochromator and a focusing mirror. The
(111) reflection from Si powder recorded an angular
resolution of 0.022 to 0.025° in the full-width at halfmaximum and more than 100,000 counts/sec, for X =
0.7 to 1.5 A. High angular resolution is of essential
importance for crystal structure solution and refinement
using powder diffraction data. An MDS with a parallel
processing function for data collection could achieve
both high angular resolution and rapid scanning.

Fig. 4 Direct beam profile at the focused point at BL18C.

time for DAC experiments is 10 min., which is 10
times shorter than that of the BL6B. Details of the
diffractometer are described elsewhere in this volume.
The station has been open since February, 1996.
2

A NEW POWDER DIFFRACTOMETER
WITH MULTIPLE-DETECTOR SYSTEM

A new powder diffractometer has been installed at
the BL-4B2 experimental station" that equips two kinds
of detector systems, a multiple-detector system
(hereafter called MDS) and a multi-purpose detector
(MPA) for conventional single-arm scanning (Fig. 5).
The optics design of the MDS is based on flatspecimen-reflection geometry using parallel-beam, and
a 2G-scan technique in the asymmetric diffraction at a
fixed incident angle. In the case of parallel-beam
optics, asymmetric diffraction from a flat specimen
gives virtually the same angular resolution and
enhanced intensity compared with symmetric
diffraction2'. Thus a number of detectors can be set at
arbitrary 29 angles and function simultaneously.

References
1) H. Toraya, H. Hibino & K. Ohsumi (1996). J.
Synchrotron Rad. 3, 75-83.
2) H. Toraya, T.C. Huang & Y. Wu (1993). J. Appl.
Cryst. 26, 774-777.
3) H. Toraya, M. Takata, H. Hibino, J. Yoshino & K.
Ohsumi (1995). J. Synchrotron Rad. 2,143-147.
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POWDER DIFFRACTOMETER AT LOW
TEMPERATURE AND/OR HIGH
PRESSURE

A newly designed powder diffractometer for nonambient conditions such as low temperature and/or
high pressure was installed at BL-18C. Figure 6 shows
the side view of the diffractometer. The curved imaging
plate (IP) is used as a detector as well as a flat IP. The
curved IP reader is installed in the diffractometer. The
cryostat and/or diamond anvil cell (DAC) can be

WS

Fig. 5 A schematic diagram of new powder
diffractometer with a multiple-detector system.
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Curved Imaging Plate

f. IP reader: He-Ne laser (10 mW),
spot size of 30 [xm on IP film
(2) Hat IP
a. Size: 250 mm x 200 mm, 400 mm x 200 mm
b. Pixel size: 100 nm x 100 urn
c. Sensitivity: 1 X-ray photon
d. Dynamic range: 1 - 9999
e. Camera radius: 135 mm - 420 mm, 4 ^im/step
3. Cryostat
a. Closed cycle cryostat: 3 W/10 K,
range 10 K - 350 K
b. Controller: sensor Si-diode, computer controlled
±0.1 K (10 K - 25 K), ±0.2 K (25 K - 350 K)
4. CPU: Workstation (SUN/SPARC; 2 sets)
Some standard software

Flat Imaging Plate

Cryostat
Diamond Anvil

C. AR UPGRADE

Fig. 6

The synchrotron radiation operation at the
Accumulation Ring (AR) has remained parasitic
because of its important role as the injector to the
TRISTAN Main Ring (MR). The upcoming KEK Bfactory is a new high-luminosity electron-positron
collider to be constructed in the TRISTAN MR tunnel,
and the electron and positron beams will be supplied to
the KEK B-factory directly from the linac, which will
also be upgraded for high energy injection. Therefore,
the AR could be converted to a dedicated synchrotron
light source. Discussions about the future plans for the
AR began in 1993. It was settled upon that the future
role of the AR would be as a single bunch and high flux
synchrotron light source. The specifications of this
project are summarized in Table 2. The characteristic
point of this project is a dedicated machine for single
bunch operations with a very high ring current (6-6.5
GeV, 200 mA).

Side view of the powder diffractometer in nonambient conditions.

attached to an xy-stage on a goniometer. The
specifications are as follows.
1. Optics
(1) Remote attenuator
(2) XY-remote slit: 0.25 jam /pulse
(3) Ion chamber as incident beam monitor:
length 5 cm
(4) Remote shutter
(5) Collimator diameters: 40,60, 80,100, 200,500,
1000 mm
(6) Remote xyz-stage for DAC: ±5 mm, 2 ^in/pulse
(7) Goniometer: co-rotation±180°, 0.004Ypulse,
y-direction 200 mm, 4 fain/pulse
(8) Remote yz-stage for cryostat: ±4 mm, 4 jim/pulse
(9) CCD camera for sample alignment
(10)Base: q-rotation ±2°;
y-direction ±20 mm, 4 |j.m/pulse;
z-direction 20 mm, 0.02 jim/pulse
2. Imaging Plate
(1) Curved IP
a. Size: 4400 mm x 200 mm (-123° to +45°)
b. Pixel size: 100 pm x 100 ujn
c. Sensitivity: 1 X-ray photon
d. Dynamic range: 1 - 72946
e. Camera radius: 150 mm

Table 2 Specifications of the upgraded AR.
Upgraded AR
Energy (GeV)
Ring Current (mA)
Emittance (nmrad)
Coupling (%)
Single Bunch
Life Time (hr.)
Numbers of Insertion
device beam lines
Numbers of Bending
magnet beam lines
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Present AR

6.0 - 6.5
200
150-180
1-2
Yes
10

6.5
40

280
1
Yes
3

8

2

5

2

It has been well known that bunch property is one
of the important characteristics of synchrotron
radiation. Recently, single or few bunch operations
have been absolutely necessary for some experiments.
For example, it makes doing time domain
measurements possible like Mossbaur spectroscopy,
and also time of flight spectroscopy of ions and
electrons created by pulsed X-ray photons. These
experiments have been already carried out at the ARNE3 and NE1 beamlines. Another example is the
structural analysis of dynamics like a photo-reaction on
protein crystallography using the Laue method. Such
dynamics investigations will be done by XAFS and
small angle X-ray scattering to clarify what kind of
electronic states and structures exist at the intermediate
stages of the reaction. Figure 7(a) shows flux spectra
of a single pulse from the upgraded AR (200 mA) and
Photon Factory (50 mA). The upgraded AR will
provide 10s photons/pulse at a sample spot (0.5 x 0.3
mm2) with an energy resolution of 10" at 10 keV in the
X-ray region. The intensity of the above pulsed X-ray
would be sufficient for X-ray scattering and/or XAFS
experiments, even single shot, because the typical value
of the reflectivity of X-ray diffraction from the sample
would be -10^.
The upgraded AR will provide not only a single
bunch X-ray source but also a high flux hard X-ray
source. Figure 7(b) shows usual flux spectra from the
upgraded AR (200 mA) and the Photon Factory
(300 mA). As shown in this figure, the upgraded AR
will provide almost 1 order of magnitude (or more)
higher flux than those from the Photon Factory in a
hard X-ray region (>10 keV). The high flux enables us
to measure weak X-ray scattering phenomena such as
magnetic scattering, and structural analysis under
extreme conditions (like high pressure, surface etc.),
and also to establish medical applications such as
Coronary Angiography.
A workshop on "Single Bunch and High Flux
Synchrotron Light Sources - AR" was held in the
middle of October 1995 where the new science that will
become possible with the upgraded AR and also the
hardware aspects were discussed. The project will start
from 1997 and construction will be completed in 2000.

<PF50mA, AR 200mA)

(Horizontal Imrad)

100
100

1000

10*
Energy (eV)

(PP 300mA, AR 200mA)

(Horizontal lmrad)

100

1000

10s

104
Energy (eV)

Fig. 7 (a) The solid (dotted) lines correspond to flux
spectra of single pulse operation from the
insertion device beam lines and bending
magnet beamlines at the Photon Factory
(50mA) and the upgraded AR (200mA).
(b) Flux spectra from the upgraded AR (200mA)
(dotted lines) and Photon Factory (300mA)
(solid lines).
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Accelerator Operations,
Researches andDevelopments

New magnets and vacuum ducts for the high brilliance project of the PF ring.
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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 4710 hours and a
high operation rate of 99.3%. Operation statistics for
this period are listed in Table 1. There were no severe
failures which took comparatively long recovering time
during this run.

Table 3 Averaged fault rate and averaged applied voltage to klystrons.

Table 1 Operation and failure time during this period.

Operation Failure
time
time
(hrs)
(his)

Date
1994
Sep. 26 - Dec. 22
1995
Feb. 27 - Jun. 16
total

Period

Operation
rate
(%)

2091

10.6

99.5

2619
4710

22.6
33.2

99.1
99.3

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
1994/8-1995/7

Fault
rate

Applied

voltage
(/day-tube) (kV)
238
1.0
1.0
239
240
1.0
0.6
241
0.3
244
0.2
246
0.1
248
0.1
247
0.1
245
0.1
246

Total
operation
(tube-days)
5,600
7,740
9,990
10,510
10,690
10,750
10,140
10,010
10,580
9.210

Table 2 Cumulative usage hours of klystrons during the past years.

Period
up to
up to
up to
up to
up to
up to
up to
up to
up to
up to
up to

1985/7
1986/7
1987/7
1988/7
1989/7
1990/7
1991/7
1992/7
1993/7
1994/7
1995/7

lolaj
No.of
tubes
79
91
106
120
140
158
176
191
203
217
230

Unussi
No.of
tubes
2
3
4
2
5
6
14
24
19
30
34

Eailsd
Liang
MXBE
No.of Mean age No.of Av.op.time
(hours)
(hours)
tubes
(hours) tubes
49
6,200
13,400
28
3,600
39
4,400
49
7,400
13,100
52
4,400
50
9,600
13,600
51
11,400
13,500
67
4,500
82
6,400
53
12,400
14,400
98
8,500
54
11,200
14,700
107
55
11,100
15,800
10,100
54
13,400
17,100
113
10,800
56
15,300
17,700
123
10,800
130
10,900
57
17,800
18,700
138
11,200
58
19,000
19,200

Table 4 Cumulative status of Bl-cathode klystrons up to July 1995 corresponding to the year of production. Unused tubes are those which have never been used in the klystron gallery. STB (standby) tubes are those which have been used in the gallery and can be used there again.

Year of
product
1987
1988
1989
1990
1991
1992
1993
1994
total

Joial Unused
No.of
tubes
7
20
18
18
15
12
14
13
117

IJYMS.

No.of No.of (STB Working) Av.op.time No.of
tubes
tubes tubes
e- e+
(hours)
0
4 0
4
0
38,017
3
1
7 3
13
3
27,654
6
1
8
0
7
1
28,753
9
4
6
8
1
1
19,315
6
1
8
2
5
1
7,058
6
2
8
0
7
1
11,632
2
10
4
0
4 0
3,381
0
0 0
—_
13
0
0
0
32
53
6 40 7
19,984
32

A-l
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B. PF STORAGE RING

to those of the positrons, except for slightly shorter
beam lifetimes. Figure 4 is a plot of IT (beam current
X lifetime), which shows this tendency. The beam lifetime was 50-60 hours (at 300 mA), which was 80% of
that with positron beams. We can understand the cause
of this as follows. In order to prevent the trapping of
ions in the beams, we operated with a partial-filling
mode that contained 1/6 of the vacant buckets in the
ring; however, some amount of ions were still being

1. SUMMARY OF THE STORAGE-RING OPERATIONS
The PF storage ring had been operated with positron beams since 1988. Since the injector linac is now
undergoing a large reconstruction phase for the KEKB
project, it can not deliver positron beams until 1998.
We thus returned to electron-beam operation in June,
1995. In parallel with user runs, much preparation work
for upgrading of the PF ring to a low-emittance configuration is under way. In this project (hereafter called
the high-brilliance project), the beam emittance will be
reduced to 27 nnvrad, about one fifth of the present
value. This will result in about ten-times brighter synchrotron radiation from the existing insertion devices.
The current status of this project, together with the development of various accelerator components, is described in the next section. The current topics of
accelerator studies at the PF ring are described in section 3. FEL research in the UV / VLJV region is also
under way at BL-2. Recent progress is described in a later chapter (see PROJECTS).
During 1995 we maintained the usual machineoperation cycle involving runs and stops of three
months each. Figure 1 and Table 1 summarize the operation statistics of the PF storage ring. The failure
times of the machine are given in Fig. 2. The injection
intervals and average currents are shown in Fig. 3. The
initial stored current was 370 mA for user-runs, and the
maximum stored current was 550 mA. The average
stored current was about 300 mA during 24-hours of
operation.

Fiscal Year

Fig. 2 Rate of failure time of the storage-ring operation.

The electron-beam operations were almost similar
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Fig. 3 Average stored currents and injection intervals.

Fig. 1 Operation times of the storage ring.
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trapped, which induced a vertical instability. In order to
suppress this instability, an additional octupole field was
applied. This reduced the dynamic aperture, and, thus,
shortened the beam lifetimes.
In single-bunch runs, the initial current was 65 mA,
and the beam lifetime was typically 20-30 hours (at 50
mA). A bunch-cleaning operation was routinely performed by continuous running of the rf knock-out tuned
at the betatron frequency of satellite bunches. The ratio

of the satellite bunch to the main one was maintained
to an order of W6 during routine user-runs.
Under multibunch operations with electrons, we
sometimes observed a sudden beam-loss of 1-2 mA.
Since the amount of loss was small, the users have so
far suffered no significant disturbances. Sudden decreases in the lifetimes were observed under the singlebunch runs. These phenomena are supposed to be due
to the trapping of micro particles in the beams.
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Table 1 Statistics of the storage-ring operation during fiscal year 1995 (from Apr. 1995 to Mar. 1996)*.

6.8
6.1

Total
4275.0
3531.0
3452.4
73.3
1070.2

43.0

—

14

176

10.2

—

Multi-bunch
—

Single-bunch

Ring Operation Time (hours)
Scheduled user time (hours)

3387.0

Net user time T (hours)

3310.6

144.0
142.4

Time used for injection (hours)

66.5
1064.1
321.4

Integrated current in T (Ahours)
Average current in T (mA)
Number of injections

162

20.4

Interval between injections (hours)

—

• Nole that a part of this duration, from Oct. 1995 to Mar. 1996, is primarily beyond the scope of this
report.
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acceleration cavity has also been developed. This cavity
is a HOM-damped type, which was designed to reduce
the impedances due to higher-order-mode (HOM) resonances. The present four cavities will be replaced by the
HOM-damped ones. The control system of the storage
ring will also be upgraded so as to match modern computer technologies.
In the following subsections, the design and development of each accelerator components are described.

2. HIGH-BRILLIANCE PROJECT
2.1 Overview
The high-brilliance project 1-4) of the PF ring is in
progress. By doubling the number of quadrupole and
sextupole magnets in the FODO cells (normal-cell sections), the beam emittance, which is now 130 nmTad,
will be reduced to 27 nm-rad. This will result in a higher
brilliance of the synchrotron radiation, typically by a
factor of ten at the beamlines for the insertion devices.
To this aim, about one third of the ring will be reconstructed. Along with this, many accelerator components, which are now 15 years old, will be upgraded.
These improvements will make the PF storage ring to
be competitive with the third-generation synchrotron
light sources.

References
1) M. Katoh and Y. Hori. (ed.), KEK Report 92-20
(in Japanese).
2) M. Katoh et al., Proc. of the 4th European Particle
Accelerator Conference (EPAC94), London, 1994,
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3) Photon Factory Activity Report # 12, 1994, p.A-4.
4) M. Katoh and Y. Hori, to be presented in the 5th
European
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(EPAC96), Barcelona, 1996.

Reconstruction of the ring will start in January,
1997, and the upgraded PF storage ring will be recommissioned in October, 1997. In order to minimize the
reduction of the user-time during these fiscal years
(1996 and 1997), all of the accelerator components are
to be fabricated prior to the long shutdown. To restart
the user-runs quickly after the reconstruction, the new
lattice was designed to allow almost the same optics as
the present one, if necessary.
Much preparation work for the reconstruction is
under way. New quadrupole and sextupole magnets, as
well as their power supplies, were manufactured during
1994 and 1995. Magnetic field measurements will be
completed at the end of fiscal year 1995. New beamducts for the normal-cell sections will be manufactured
in fiscal year 1995 and 1996. The present beamposition-monitors (BPMs) are to be replaced with new
ones to match the new vacuum ducts. The signalprocessing system is being replaced so as to achieve
very fast COD measurements, which will allow us a fast
stabilization of the beam orbit by using a global feedback system. A single-pass BPM system, used during
the recommissioning phase, is under development. A
new beam-loss monitor system was installed in 1995. A
transverse feedback system, which can cure beam instabilities, is under development.

2.2 Lattice and Magnets
The basic lattice structure of the PF ring is
FODO''. The normal FODO cells occupy about onethird of the ring, and it determine the beam emittance.
We designed a new low-emittance configuration23', in
which the quadrupoles and sextupoles in the normal
cells are doubled in number and are reinforced. No
change is required for the bending magnets, which
minimizes the influence on the existing SR beamlines.
Figures 5(a) and 5(b) show the optical functions in the
new and present normal-cells, respectively. The optics
of the whole ring was designed for three cases of phase
advance: 90, 105, 135 degrees. In the case of 135 degrees, we will obtain the lowest emittance of 27 nm-rad.
The principal parameters of the new optics are given in
Table 2. The new and present configurations of the normal cell are shown in Figs. 6(a) and 6(b), respectively.
Even in the new lattice configuration, we can reproduce almost the same optics as the present one by
turning off and changing the polarities of some of the
magnets. This will allow us to quickly restart operation
using our familiar optics.
All of the quadrupoles and the sextupoles in the
normal-cells are to be replaced with newly fabricated
ones 4 ', which have shorter lengths, smaller bores and
higher field gradients in order to save space for other
accelerator components. Each core of these magnets
has a gap at the outside (so-called Collins-type core) in

The beamline frond-ends are being reconstructed
so as to be compatible with the new lattice configuration, as well as to withstand higher heat loads. The reconstruction has already started, and will be finished
prior to the reconstruction of the ring. New travelingwave kicker magnets for beam injection are under development. They are to be compatible with the new optics, together with having a fast response. A new rf-
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order not to disturb the synchrotron-radiation extraction to the existing beam lines. Each sextupole has auxiliary windings used for vertical steering and for correcting the field asymmetry. The maximum field
strengths of the magnets are strong enough to allow 3GeV operation under the new optics. The parameters
of the new magnets are summarized in Table 3.
Mass production of all the magnets has been completed. End-shim corrections, applied to obtain a wide
good-field region, were determined by a measurement
using the prototype magnets. Field measurements of the
new magnets are under way. Some preliminary results
have indicated that the individual deviation in the field
gradient would be less than 1 x 10~3 in r.m.s. The new
magnets will be aligned on a common girder with a precision of 100 microns, prior to installation to the ring.
New power supplies, eight for the quadrupoles and
three for the sextupoles, have been fabricated.

3)
4)

M. Katoh and Y. Hori, to be presented in the
EPAC96.
Y. Kobayashi et al., Proc. of the 10th Symposium
on Accelerator Science and Technology, Hitachinaka, Japan, 1995, p.121.

2.3 Vacuum System
In the PF ring, the beam lifetime is mainly determined by the vacuum pressure in the beam duct, which,
in turn, is governed by the photo-desorption of molecules from the duct walls. Since the photo-desorption
yield decreases as the integrating irradiated photons on
the duct, long and stable operation of the storage ring
results in a good vacuum, and, thus, in a long lifetime.
The present vacuum system was originally designed
in 1979, and was largely modified in 1985 so as to be
able to accumulate higher beam currents". It was designed to allow in situ baking (that is, baking after installed in the ring) in order to obtain a low base pressure, as well as to reduce the initial photo-desorption
yield. To avoid mechanical stress on the duct during
baking, we have arranged a bellows to the neighbor of
each beam-position-monitor (BPM).
In the normal-cell sections of the new lattice, each

References
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1994, p.636.

Table 2 Principal parameters of the new and present optics.
New low-£ optics*

Present optics

27
10.85
4.20
-16.1
-13.3
7.3xl0"4
0.0043
1.5
0.011
0.84

130
8.44
3.30
-13.5
-9.0
7.3x10-4
0.016
1.7
0.023
1.52

Natural beam emittance (nm-rad)
Betatron tune (horizontal)
(vertical)
Natural chromaticity (horizontal)
(vertical)
Natural energy spread
Momentum compaction factor
RF voltage (MV)
Synchrotron tune
Bunch length in r.m.s. (cm)
* Phase advance per cell, 135 degrees.

Table 3 Parameters of the new magnets.

OF*
Core length (m)
Bore radius (mm)
Maximum field strength
Maximum excitation current (A)
Number of turns per pole
Power dissipation (kW)
* Focusing quadrupole. ** Defocusing
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0.4
40
24T/m
900
19
17
quadrupole.

SX***
QD**
0.25
0.20
40
45
24T/m
600 T/m2
900
450
19
17
6
13
*** Sextupole.

space between the bending magnets is occupied by two
quadrupole and two sextupole magnets. The remaining
open space for the BPMs, bellows and flanges, is very
small. Because there is no space for the bellows, it is
very difficult to adopt the same design principle as the
present one. For the new system, we have basically
given up in situ baking of the vacuum ducts, except for
the pumps, vacuum gauges and valves, which are not
irradiated by photons. Alternatively, the ducts are prebaked, and are filled with pure nitrogen-gas until they
are installed. A sufficiently-low pressure will be established after they are exposed to enough synchrotron
photons. We expect that this beam cleaning will take
place within a reasonable conditioning time.
In this design principle, it is very important to evaluate the required conditioning period. To this aim, we
are investigating the beam cleaning effect21 for several
test ducts, which are to be treated in different ways, using beamline BL-21. The resulting data will be useful
for predicting whether we will need in situ baking or
not. If the beam cleaning is much slower than expected,
we will have to bake the vacuum ducts in situ. In such a
case, we will loose the BPMs during the baking.

Fig. 7 Cross-sectional view of the new Q-duct.

A new beam duct (called a Q-duct) for the normalcell section has been designed. It fits in the reduced
bore diameter of the new quadrupole and sextupole
magnets. The Q-duct is extruded from aluminum alloy,
after which BPM assemblies are directly attached by
electron-beam welding. A cross section of the new Qduct is shown in Fig. 7. The present ducts in the bending magnets (called B-ducts) are re-used with a small
modification. In order to check the overall combination, we assembled a prototype normal-cell lattice comprising the magnets and the ducts. Figure 8 shows a test
duct mounted in the prototype lattice. Some conflicts
were found, which will be removed in the design for
mass production. The fabrication of the Q-ducts will be
completed during fiscal year 1995, and other ducts will
be produced in fiscal year 1996.
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(1996).

Under the new optics, the bunch length becomes
about half the present one, which would result in some
enhancement of the wake-field effects, such as a parasitic mode loss. In order to reduce such effects, the inner
walls of the beam ducts are to be made as smooth as
possible, especially for the newly installed and modified
ones. For this purpose, we have designed an RFshielded bellows and an RF contact for flange gaps.
Ceramic ducts for kicker magnets are also replaced with
new ones, which will have almost the same cross section
as the Q-duct.

2.4 Beam Monitor System
A. BPM System
Accompaning the high-brilliance project, the beamposition-monitor (BPM) system will be renewed. The
purpose of the BPM system is to accurately measure the
beam position in order to correct for any closed-orbit
distortion (COD), to stabilize the beam position using
feedback, and to correct such optical functions as the
dispersion function. The new system was designed to
enable precise and fast measurements to correct the

Fig. 8 Prototype beam duct mounted on a test bench.
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BPMs will be tested at a calibration bench where the
electric center of each BPM will be identified with an
overall accuracy of about 100 ^m using a coaxially
strung metallic wire.
A schematic of the layout of the signal-processing
system is shown in Fig. 10. These circuit units are to be
distributed in 12 local control racks around the ring.
The beam signals from the pickup electrodes are to be
transmitted to the processing system, and at the front
end of the system, one of the signals will be selected by
RF switches. To improve the reliability, the currentlyused mechanical coaxial switches will be abandoned,
and PIN-diode switches are to be adopted. The fluctuation of the insertion loss over many switchings is less
than ±0.01 dB, which corresponds to a position error
of ~ 3 fjm. The signal detection circuit consists of a super-heterodyne circuit with synchronous detection. The
bandwidth of the signal detection is determined by the
response time ( ~ 3 msec by 10 to 90% rise time) of a
low-pass filter in the final detection stage. In the fastest
mode, this system is capable of measuring the COD
within about 2 msec, which is determined by the sum of
the switching time, the response time of the detection
circuit and the conversion time of an analog-to-digital
(A/D) converter. This very fast acquisition will allow us
fast suppression of the beam movement for frequencies

COD, as well as to feed back the orbit position during
user-runs. It comprises electrostatic pickup units and a
signal-processing system.
The pickup units for the normal-cell sections are to
be doubled in number. There will be 42 BPMs newly
installed, making a total of 65 BPMs. A cross-sectional
view of the new BPM unit is shown in Fig. 9. It was designed to fit in the narrow space between the magnets.
A commercial product (from KYOCERA corp.) was
adopted for the electrode assembly, which consists of a
button electrode (10.3 mm in diameter), a feedthrough
and an SMA-type connector. The button is set at the
center of the assembly within ± 5 0 ^m. Each BPM unit
is fixed to an end of the quadrupole magnet. All of the

Fig. 9 Pickup unit of the newly installed BPMs.

Electrode Switching System

DC P.S.

ATT Setting

Fig. 10 Schematic diagram of the signal-processing system.
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of up to 100 Hz using a global feedback system".

C. Beam Loss Monitor
Twenty beam-loss monitors (BLMs) made by BERGOZ were installed near to the beam duct. This monitor is useful for studying the trapping phenomenon of
micro-particles or ions, as well as to help in recommissioning the ring. The BLMs on the outer side of the
duct detect the bremsstrahlung due to residual-gas
molecules, ions or small particles in the duct, and those
on the inner side detect showers due collisions of lost
electrons with the duct wall. The BLMs do not detect
the X-ray component in the SR. A block diagram of the
BLM system is shown in Fig. 13. Events detected by a
BLM are counted with a VME sealer, and the data are
processed using a workstation. An example of the
beam-loss rates is shown in Fig. 14.

B. Single-pass BPM System for the Injected Beams
During the recommissioning phase, precise steering
of the beam orbit will be needed in advance of beam
storage, since the dynamic aperture is small. A singlepass beam-position-monitor system, for this use, is
under development2-3*. This system will allow us to measure the beam positions of an injected beam at every
turn during a few revolution periods without accumulating the beam.
When this system is used, the signals from the button-type electrodes (that are common to the BPM system) are connected to this system. The signalprocessing scheme is shown in Fig. 11. Signals from
eight BPM units, each of which has four button electrodes, are combined into four channels, which correspond to the four buttons. The signals are then detected
using a real-time digitizing oscilloscope (Tektronix
TDS684A) which has four-channel A / D converters.
We have chosen to use a commercial oscilloscope (or
digitizer) as a fast, reliable and cost-effective solution
for signal detection. The bipolar waveshape of the
bunch signals can be well resolved at a sampling rate of
5 X 109/s. The beam positions are deduced from the
ratio of the peak-to-peak height of the four signals. The
beam positions at 8 locations can be measured during 4
or 5 turns. The relative resolution of the detective position was estimated to be a few hundred microns.
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Fig. 12 Measured orbit of the injected electron beam in
the first turn. The horizontal axis indicates the
location along the ring measured from the injection point, (a) Horizontal beam positions.
The solid line is the calculated injection orbit,
(b) Vertical beam positions.

Fig. 11 Signal-processing scheme of the single-pass
BPM system.
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The result of a test measurement using this system
is shown in Fig. 12. In this figure, the filled circles are
the measured beam positions of the injected beam in
the first turn, and the solid line in Fig. 12(a) is the design orbit for the injected beam. The measured beam
positions agreed well with the calculated orbit. In the
vertical direction, shown in Fig. 12(b), only a small
orbit distortion was measured, as expected.
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2.5 Beamline Front Ends
In the new lattice configuration, reinforced quadrupole and sextupole magnets in the normal-cell sections
interfere with present beamline front-ends. About half
of the beamlines (BL-6, 7, 8, 9, 10, 11, 12, 19, 20 and
21) should be modified. In addition, constant improvements of the PF ring have brought about a potential
possibility of user operations with higher beam currents
(>500 mA) or with higher energies (at 3 GeV with >200
mA). This has prompted the renewal of the front-end
components so as to be capable of handling higher heat
loads. Based on these needs, we have decided to thoroughly upgrade the front ends of the above-mentioned
beamlines. This renewal has been carried out step by
step, as summarized in Table 4. Six beamlines have
been completed and the other three will be finished before installation of the new magnets planned in 1997.
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In the beamlines, the beam stopper / absorbers located at the uppermost stream should withstand the
most severe heat loads. For radiation from the bending
magnets, the incoming power per unit area on the beam
axis is given by

Fig. 13 Block diagram of the BLM system.
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where the power distribution is approximated by a beltlike distribution, / is the beam current, y the Lorentz
factor, p the bending radius, L the distance from the
source point, e0 the electron charge and e0 the permittivity of vacuum. For multipole wiggler radiation, the
surface heat load is given by
7e0
16 eo

(2)

where the power distribution is approximated by a rectangular distribution, Ao is the period of undulation, N
the number of periods and K the deflection parameter.
Table 5 summarizes the values of Pd L2 for all radiation
sources under the most severe condition of 500 mA at 3
GeV.
The beam stoppers / absorbers were re-designed
based on a safety-sided estimation with bold modeling.
For an inclined copper plate of the stopper, the temperature difference between the heat-loaded front surface
and the water-cooled rear surface is roughly given by

Fig. 14 Typical observation of the beam-loss rate during beam storage (beam current, 352 mA). The
ordinate shows the location of the monitor, and
the abscissa shows the count rate.

(3)

where D is the thickness of the plate, 8 the angle between the beam axis and the surface normal, and * the
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thermal conductivity of copper ( = 400 W / nrK). Based
on our design criterion of A Tmax < 150 K, we have
chosen D = 5 mm and © = 70° for the bending-magnet
source, and D = 7 mm and © = 86° for the multipole
wiggler / undulator sources.
The newly designed beam stopper / absorber for
the bending-magnet source is shown in Fig. 15(a), and
that for the insertion-device sources in Fig. 15(b). Figure 16(a) shows the new front end for the bendingmagnet source (BL-7), and Fig. 16(b) shows that for the
insertion-device source (BL-19). Figure 16(a) also
shows the boundary conditions given by the highbrilliance magnet configuration.

Table 4

Renewed beamline front ends.

Fiscal

Installation*

Remarks

BL-6

1993

Summer 1994

Bending-X

BL-7

1995

Winter

1996

Bending-VSX, X

BL-8+
BL-9tt

1995

Winter

1996

Bending-VSX, X

1994

Summer 1995

Bending-VSX, X

BL-10

1994

Summer 1995

Bending-X

BL-11

1993

Summer 1994

Bending-VSX

BL-12

1994

Summer 1995

Bending-VSX, X

BL-19

1995

Summer 1996

BL-20

1994

Winter

Undulator-VSX
Bending-V, X

1995

(a)

* Summer: Jul. - Sep., Winter: Jan. - Mar.
t Hitachi.
t t NEC.

Table 5

Values of PdL2 for / m a x = 0.5 A and

E=3.0

GeV.

Source

Aflfm)

N

Undulator-2

0.06

60

2.25

1.06 x 1010

MPW-13

0.18

13

25.0

8.48 X 109

MPW-16

0.12

26

16.8

1.71 x 1010

A

0.05

46

1.3

5.62 x 10'

B

0.072

32

2.7

5.64 x 10'

C

0.1

23

5.0

5.40 x 10'

D

0.164

14

9.5

3.81 x 109

0.16

11

14.9

4.81 x 109

0.4

1

187

2.20 x 10'

inclination-angle for the normal-cell bending-

5-p** 0.4

2

187

4.39 x 10*

magnet

2.53 x 108

absorber with 86° -inclination-angle for the in-

MPW-19

MPW-28
VW-14

3-p*

Bending

8.66»«

• 3 pole mode

*• 5 pole mode

Fig.
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(b)
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(a) Plan view of the front end for the normal-cell bending-magnet sources The example is that
for BL-7. (b) Plan view of the front end BL-19.

A-12

2.6 Injection System
A new injection system was designed for the highbrilliance project. It comprises four kicker magnets,
used to produce a pulsed bump orbit, and two septum
magnets, used to deflect the injected beams. We designed the excitation of the kicker magnets to complete
within one revolution period. This produces a sufficiently wide aperture for the injected beams during the first
few tums. For this purpose, we have designed a traveling-wave kicker magnet which has a characteristic impedance of 6.25 Q. A drawing of the traveling-wave kicker magnet is shown in Fig. 17. The present septum magnets are used as they are. Table 6 summarizes the requirements for the injection magnets for three cases of
the phase advance of the new optics.
In order to test the design of the traveling-wave
kicker magnet, we constructed a cold model. For the
model magnet, poli-viniliden-fluorite (PVDF) was used
as the capacitor dielectric to obtain a large dielectric

constant. The parameters of the model magnet are
listed in Table 7. A general view of the magnet is
shown in Fig. 18. The total capacitance and inductance
of the 29-cell magnet were measured using an HP4284A
precision LCR meter. The results of the measurement
are shown in Figs. 19 and 20, respectively. In the frequency range from 1 kHz to 100 kHz, the measured
capacitance and inductance were about 37.5 nF and 1.6

Fig. 18 General view of the model magnet.
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Fig. 17 Design of the 6.25-fl traveling-wave kicker
magnet.
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Fig 19 Measured capacitance of the model magnet.
Table 6 Deflection angles required for the injection
magnets under low-emittance optics. Those
for three phase advances per cell are shown.
90° optics

105° optics

135° optics

Kl

3.20 mrad

3.30 mrad

3.50 mrad

K2

-2.24 mrad

-2.30 mrad

-2.71 mrad

K3

3.14 mrad

3.40 mrad

3.91 mrad

K4

1.79 mrad

1.78 mrad

1.71 mrad

SI

87 mrad

S2

122 mrad

Table 7 Design parameters of the model kicker
magnet.
Magnetic length
Gap height
Gap width
Characteristic impedance
Field propagation time
Number of cells
Inductance per cell
Capacitance per cell

K1-K4: kicker magnets, S1.S2: septum magnets.
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324 mm
60 mm
170 mm
6.25 Q.
181 nsec
29 cell
38.9 nH
996 pF

by the University of Tokyo.
The basic design is a 500-MHz, single-cell copper
cavity which has relatively-large beam ports (140 mm in
inner diameter), as shown in Fig. 21. Because of its
simple structure together with an effective cooling design, this cavity has a possibility of operation at very
high power with sufficient reliability. The HOM power,
excited in the cavity, is guided out of the cavity through
the beam ports, and then dissipated in microwave
absorbers located beside the cavity (see Fig. 22). Each
absorber is a cylinder of silicon-carbide (SiC), which is
fit in the beam duct by a shrink-fit technique. We have
determined the diameter of the beam port so as to
obtain the highest cutoff-frequency possible while
obtaining a reasonable shunt impedance. Although
there remains several low-frequency HOMs, the coupled-bunch instability driven by them can be avoided by
tuning their frequencies appropriately, which has been
successfully applied in the PF ring. Low-power
measurements on two cold-model cavities showed a
satisfactory damping performance of the HOMs 4 '.

I • L («H)-29cell

I

3

* • •vaeaeesas

100

10 4

1000

10'

f (Hz)
Fig. 20 Measured inductance of the model magnet.

/uli, respectively. Using these values, the characteristic
impedance of the magnet was concluded to be 6.5 Q in
the range of lOMO5 Hz. The measured impedance was
4% larger than the designed value. This discrepancy is
considered to be caused by some floating inductance
near to the input and output terminals.
According to this design, the fabrication of the
kicker magnets is under way. The power supplies for
the 6.25-Q kicker magnets were newly designed, and
have already been completed.

A prototype cavity was first manufactured and then
tested under high power. The principal cavity parameters obtained are given in Table 8. Figure 23 shows
the prototype cavity mounted on a test bench. After
conditioning for 60 hours, an input power of 150 kW
was successfully fed to the cavity without any serious

References
1) T. Mitsuhashi et al., Proc. of 10th Symposium on
Accelerator Science and Technology, Hitachinaka,
1995, p.94.

Coupler port

2.7 New RF Cavity

In the PF ring, the longitudinal and transverse coupled-bunch instabilities are one of the most serious
problems that limit the beam current and beam quality
at high currents". This instability is mainly caused by
the wakefield excited by the preceding bunches in the
RF cavities or in other structures. An effective way to
avoid this instability is to damp (to reduce the Q-values
of) the higher-order-mode (HOM) resonances in the
RF cavities. To this aim, a HOM-damped cavity has
been developed 2 " 5 ' by a collaboration between the
Photon Factory and the Institute for Solid State Physics
(ISSP) of the University of Tokyo. Several cavities of
this type are to be used for the high-brilliance project of
the PF ring; they will also be used for the thirdgeneration VUV and SX synchrotron radiation source
project (VSX Light Source)6', which is being proposed

Blank-flange port
. .

Fig. 21
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Cross section of the HOM-damped cavity.
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Fig. 22 Inner shape of one cavity unit, which includes the cavity, microwave absorbers and taper ducts.
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Fig. 23 High-power test cavity mounted on a test
bench.

Table 8 Obtained parameters of the damped cavity.

RF frequency
Shunt impedance
Unloaded-Q
Coupling coefficient ((J)
Maximum wall loss

500.1 MHz
6.8 Mti
39,000
2.35
140 kW

problems5'. This demonstrated the capability of operation at very high power, at least up to about five-times
the required dissipated power. A beam duct, equipped
with an SiC absorber, has also been developed 78 '. The
present four cavities will be replaced by new ones of
this type. This will result in a great improvement in the
beam quality at high currents.

2.8 Control System
The present control system uses four 32-bit minicomputers (FACOM S-3000 series from Fujitsu Ltd.),
which are linked to each other through a token ringtype network'1. There is a need to update the system so
as to match today's computer technologies. In addition,
the upgrade of the PF ring requires a large modification
of the software and interfaces in order to control the
new devices. Taking this opportunity, there is a plan to
renew the control system.
An overview of the new control system is as follows (see Fig. 24). VME systems are used to perform
the real-time processing of various equipment of the
storage ring (Equipment Control Layer). Unix workstations are used to process upper-level control programs
(Application and Presentation Layer). A server computer is also incorporated for cpu-consuming calculations,
like simulation or database processing etc. A largecapacity disk is connected to the server in order to save
operation data.
An ATM has been adopted for the backbone of
the network system. Twelve switching hubs, each of
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X-TERMINAL

which arises only with positron beams, and not with
electron beams. This instability is very hard to suppress;
even with a cure by strong octupole fields, it enlarges
the vertical beam size under routine operations. The
principal features of this instability are: 1) coupledbunch oscillation, 2) a low threshold current of 15-20
mA, 3) broad distribution of the betatron sidebands,
and 4) that it is not suppressed by filling positrons partially in RF buckets. Figure 25 shows the typical beam
spectrum during positron multibunch operation, which
was observed with a button-type BPM electrode.

WORK STATIONS (Application & Presentation Layer)
'
'
'

VME
{Equipment Control Layer)

The vertical instability has been extensively studied
by Izawa et al. 4) . The following remarkable features
were found: 1) The distributions of the betatron sidebands in the positron and electron beams were quite
different. 2) It was very difficult to find any cavity higher-order-modes (HOMs) or resonances of the other
components which would have a very large transversecoupling impedance together with a low-Q value. 3)
When an electrostatic potential was applied to 88 BPM
electrodes in the ring, the vertical beam size was reduced by a factor of about 15%, although the instability
was not completely suppressed. From these facts, it was
strongly suggested that the vertical instability is not
caused by the well-known transverse wakefield induced
by the electromagnetic beam-wall interaction. As an
alternative possibility, they proposed that this instability
would be caused by electrons in the vacuum chamber.
They explained the distribution of the betatron sideband spectrum which is characteristic of this instability
by using the conventional coupled-bunch theory5'.
Although their analysis was phenomenologically, they
showed that the range of the interaction was relatively
short, typically eight-times the bunch spacing.

Fig. 24 Schematic view of the new control system.

which has twelve 10BASE-T ports, are connected to an
ATM switch by optical fiber cables in 155Mbps. The
VMEs and workstations are connected to the 10BASET port as an ordinary Ethernet node. The ATM has
advantages for multimedia, such as visual and audio information.
The operator console of the new system will have
window-based graphical user interfaces. Advanced GUI
(Graphical User Interface) tools are useful to construct
such control screens. We have adopted VAPS (from
Virtual Prototypes corp.) as such a tool. The VAPS
provides software tools for editing graphical objects to
make interface screens and for linking them to control
processes distributed over the network.
The interfaces to various equipment remain the
same as they are (CAMAC, GPIB and RS-232C).
These are accessed via the VMEs in the new system.
The software drivers of these interfaces are located in
the VMEs. The service routines used in the control
programs on the workstations are made almost the
same as those on the present minicomputers. The software differences between the old and new system are
absorbed in the VME system. This makes the conversion of upper-level programs easier.

B. Theory and Simulations
The mechanism of the interaction between bunches, which induces the instability in positron beams,
was clearly explained by Ohmi6'. In positron storage
rings with high current and multi-bunches, a considerable number of photoelectrons are produced at the
beam chamber. The beam chamber will be filled with
photoelectrons by successively passing bunches. The
photoelectrons will not be trapped by a bunched positron beam due to their light mass. However, a sufficiently dense distribution of the photoelectrons will produce
coupling between the bunches, which will lead to the instability. Here, we will outline the instability mechanism, the details of which are given in reference 6).
The number of synchrotron photons emitted by a

References
1) C. O. Pak, Nucl. Instr. Meth. A277 (1989), 501.

3. MACHINE STUDIES
3.1 Study on the Vertical Instability in a Positron Multibunch Beam
A. Experimental Study
Under positron multibunch operations of the PF
ring, we have suffered from a vertical instability1 ~3)
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positron in one revolution is expressed as
(4)
where a and 7 are the fine-structure constant (= 1/137)
and the relativistic factor, respectively. In the case of
the PF ring (E = 2.5GeV, 7 = 4892), N r is 324. If we
assume that the photoelectron production efficiency is
0.1, the number of photoelectrons produced is N p e =
32 by a positron during one revolution. The total number of photoelectrons is 4 X 1010 by a bunch during a
revolution. The photoelectrons propagate in the beam
chamber and are absorbed into its surface at about 10100 ns after their production.

0.05

-0.05
Fig. 26

A computer simulation was performed to investigate the interactions between the photoelectrons and
the beam. We consider a model beam-chamber with a
diameter of 10 cm. All of the RF buckets are assumed
to be filled uniformly. A rigid-beam approximation is
used for the positron beam, while photoelectrons are
expressed by macro particles. Photoelectrons (macro
particles) are produced during each passing of the
bunch at the position of beam chamber illuminated by
the synchrotron radiation. The photoelectrons propagate in the chamber while feeling an attractive electromagnetic force from the following bunches. Although
the photoelectrons are eventually absorbed, their stationary distribution is formed in the beam chamber. Figure 26 shows an example of the stationary distribution

Stationary distribution of photoelectrons. z-axis
shows the number of photoelectrons at a transverse position (x, y) of beam chamber (arbitrary unit).

obtained from a simulation.
If a bunch (loading bunch) is shifted to the positive
y- (vertical) direction, the photoelectrons are attracted
toward the new position, which leads to a disturbance
in the photoelectron distribution. The following bunches then feel kicks in the positive y-direction from the
displaced distribution. We can interpret this momentum
kick as being a transverse wake force, similar to that
due to an electromagnetic wakefield. Figure 27 shows
the calculated wake force. Due to this wake force, the
transverse motion of the bunches becomes coupled, and
the coupled-motion can be unstable. The unstable mode
of oscillation, as well as its growth rate, is predicted by
the conventional coupled-bunch theory5'. The result is
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shown in Fig. 28, where the photoelectron production
rate is assumed to be 0.1. The growth rate predicted is
much higher than the radiation damping rate of 120
s" 1 . If the growth rate depends linearly on the beam
current, the threshold current of the instability is 10times lower than that given by the experiment. We consider that this discrepancy would be caused by the
magnetic fields used in the ring, since they could relax
the growth of the instability.

6)

3.2 Transverse Phase Space Monitor System
We have developed a beam-monitor system which
can detect a transverse betatron oscillation of a single
bunch, turn by turn. By measuring the beam positions
at two differently-located BPM electrodes, we can experimentally obtain beam tracks on the transverse
phase space. This system, together with a fast kicker
magnet1', allows us to perform attractive studies on the
beam dynamics, similar to the particle tracking simulations on computers.
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1) Photon Factory Activity Report # 7 , 1989, p.R-7.
2) Photon Factory Activity Report # 8 , 1990, p.R-5.
3) H. Kobayakawa, Rev. Sci. Instrum. 63, 509 (1992).
4) M. Izawa, Y. Sato, and T. Toyomasu, Phys. Rev.
Lett. 74, 1995, pp.5044-5047.
5) A.W. Chao, Physics of Collective Beam Instabili-

A block diagram of the system is shown in Fig. 29.
The system comprises two position detection circuits,
each of which has six independent channels, and a timing circuit used to synchronize the detection with a trigger-signal of the fast kicker magnet. Each channel consists of a bandpass filter, RF amplifiers, a peak detector
with sample hold, a 8 -bit flash ADC and a 256-kbyte
memory. The digitized signals are sent to the memory
within a revolution period (624 nsec). After the data
are filled in the memory, they are sent to an on-line
computer (HP v743) through a GP-IB interface.
We selected PM02 and PM03, located at a 5 m
long straight section, for the BPM electrodes by considering the following requirements: (1) no nonlinear
magnets exist between the BPMs; (2) the phase advances of the betatron oscillation should be more than 45
degrees for both the horizontal (x) and vertical (y)
directions, and (3) the beta functions (Bx, fjy) at the
BPMs should be suitably large (5 ~ 10 m) and the
same. In deriving the beam positions from the signals,
the non-linear dependence of the signals at large amplitudes is precisely corrected off-line using a calculated
mapping data of the BPM. Since there are no magnets
between the BPMs, the beam angles (x', y') are simply
obtained from the two beam positions.
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Fig. 27 Wake forces produced by the photoelectrons.
Three kind of plots show the wake forces for
stored current of 100, 200 and 300 mA. Higher
current causes stronger force.
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Since the position resolution, the linearity and the
dynamic range of the monitor are essential for beam
studies, these were carefully investigated with a stored
single-bunch beam of 5 mA. Figure 30(a) shows the
horizontal beam positions without any kicks, which
were measured with PM02 during 16384 turns. The
position resolution can be seen from its histogram,
shown in Fig. 30(b). which indicates the standard deviation of the horizontal positions being less than 0.1 mm.
The resolution for the vertical direction was about 0.1
mm; these results were the same as in the PM03. At
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ties in High Energy Accelerator (WileyInterscience Publication, New York, 1993).
K. Ohmi, Phys. Rev. Lett. 75, 1995, pp. 1526-1529.
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Mode number
Fig. 28 Calculated growth rate of the coupled bunch
instability for each stored current. The growth
rate becomes higher for higher stored current.
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Fig. 29 Block diagram of the transverse phase-space monitor system
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Fig. 30 (a) Horizontal beam position in one BPM measured turn by turn without a kick, (b) Histogram of
the beam position.

present, these resolutions have been achieved when the
stored beam current is more than 1 mA. The investigation of the dynamic range and the linearity is shown in
Fig. 31. The horizontal axis indicates a high-voltage
supplied to the kicker magnet, which is proportional to
the kick angle. The vertical axis indicates the initial amplitude of the betatron oscillation induced by the kick.
The dynamic ranges were more than 14 mm (in horizontal direction) and 9 mm (in vertical direction), respectively, which covers the physical aperture of the
ring. Moreover, the linearity of the system was con-
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firmed up to this limitation.
Using this system, interesting experiments on the
beam dynamics are under way2). As an example. Fig.
32(a) displays a horizontal phase-space plot measured
near to a 3rd-order resonance ( ^ = 8 . 3 3 ) . The beam
tracks on the phase space, denoted by points, form a
triangle due to the 3rd-order resonance effect. As
another example, a vertical phase-space plot measured
near to a 4th-order resonance ( ^ = 3 . 2 5 ) is shown in
Fig. 32(b). This shows the phenomenon that the beam
was trapped on the 4th-order resonance island.
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Fig. 31 Estimations of the dynamic range and linearity
of the system: (a) horizontal direction, (b) vertical direction.

Fig. 32 (a) Horizontal phase-space plot measured near
to the 3rd-order resonance (t/ x =8.33). (b) Vertical phase-space plot measured near to the
4th-order resonance (t- K =3 25).
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the accurate measurement of a small-beam size. The
monitor can be used to measure the beam emittance
under the low-emittance optics of the PF ring. It consists of a beryllium mirror for extracting visible synchrotron light and a diffraction-limited focusing system.
The extraction mirror must withstand the maximum
incident power of trie synchrotron radiation (SR), given
in Table 9, without experiencing a serious permanent
deformation. Because of the small absorption of un-

3.3 Development of a Precise Beam-profile Monitor using Visible Synchrotron Light
A precise beam-profile monitor, by means of imaging visible synchrotron light, was designed and constructed at the Photon Factory 12) . This monitor allows

Table 9 Parameters concerning the SR from the bending magnet.
Bending radius

8.66 m

Dipole field

0.96 T

Angular power density of SR (at 350 mA)

13.2Watt/mrad

Beam size*

gx : 352 urn, q y : 74 urn

* Under the low-emittance optics (135° per cell).
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In our optical focusing system, the obtained beam
image is blurred by a diffraction effect due to the finite
aperture of an entrance pupil, and also by a deformation of the extraction mirror. Based on the wave optics,
these effects can generally be treated using diffraction
theory. If we know the point-spread function (PSF) of
the focusing system, which describes the image from a
point light source, we can restore (or deconvolute) the
real beam image from the raw blurred image. This technique is widely used in modern astronomical observations. The PSF of our focusing system, which includes
an effect of the deformation of the Be-mirror, was
calculated using the computer code ZEMAX. The detail analysis is given in reference 2). A result of the PSF
is shown in Fig. 35. The rms widths of the central peak
of the PSF are 11 mm (in vertical) and 12.0 mm (in
horizontal), respectively.

wanted X-rays, beryllium (Be) was chosen as the mirror
material to extract visible synchrotron light. The mirror
was water-cooled, and has an effective area of 50 mm
X 50 mm. An outline of the Be-mirror is shown in Fig.
33.
The flatness of the mirror surface is always watched by a Fizeau-type interferometer within a precision of
A/20. A result of the interferometry of the mirror surface, measured under no irradiation of SR, is shown in
Fig. 34. A permanent deformation of the mirror, which
was caused by baking at 150°C, was observed. The mirror was deformed in a cylindrical way in the horizontal
direction by 2.36 mm (by peak to valley). With the irradiation of SR, a further deformation due to the head
load is added.

In order to demonstrate the capability of this monitor for measuring small beam sizes with sufficient
accuracy, we measured the beam profile in the present
PF storage ring operated at a beam energy of 1 GeV.
With this energy, the estimated natural emittance is
20.7 nm-rad, which is almost the same emittance as that
in the high-brilliance configuration. To avoid any further deformation of the mirror due to the irradiation of
SR, the measurement was carried out at a stored current of 1 mA. A result of the raw image of the beam
profile is shown in Fig. 36. The rms beam sizes from
this image are 96.5 /an (in vertical) and 280 ^ m (in
horizontal), respectively. This raw image was blurred by
the diffraction effect (including the mirror deformation).

Be-mirror surface
Fig 33 Design of the Be-mirror.

To obtain the original beam profile, the raw image
was deconvoluted using the computer code Hidden Image, where the maximum entropy deconvolution

Fig. 34 Measured surface deformation of the Be-mirror
under no SR irradiation. The side length of
three-dimensional plot is 50 ^m The maximum
deformation was 2.36 ^m (peak to valley).

Fig. 35 Point spread function (PSF) of our focusing
system at a balanced astigmatism point The
side length of the three-dimensional plots is
108
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fjm.

method was applied. In the deconvolution process, the
previously obtained PSF was used. A result of the deconvolution is shown in Fig. 37. From this image, rms
beam sizes of 49.2 ;/m (in vertical) and 206 //m (in horizontal) were obtained. Using the vertical and horizontal
/? functions at the source point, the beam emittances
were estimated to be 0.13 nm* rad (vertical) and 22 nm
• rad (horizontal) at a beam energy of 1 GeV.

4. 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.

BEAM TRANSPORT LINE

Fig. 36

Raw beam-image of the Photon Factory. The
beam energy was 1 GeV, and the beam current was 1 mA.

Mognets
8
• Bending magnet
0
Quadripole magnet
PB : Pulse bending magnet
PM : Profile monitor
CT : Current transformer
WCM: Wall current monitor

Fig. 38 Beam transport line.

Fig. 37

Beam image after the deconvolution process.
The scale is the same as in Fig. 36.
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Fig. 39 Ring lattice components.
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Fig. 40 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 10
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
Revolver^ 19 are shown for four kinds of period lengths.
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Fig. 41

Vacuum system components.

2.5 GeV

beam injection
B05,

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

BL2IA

BL-21A(Monifor Beam Line)
WM
. Wire Monitor
S I C : Split onode Ion Chomber
Cu Mirror
Visible Light Monitors (on the basement)
CCO TV Camera
CCD Profile Monitor (Hor. ft Ver.)
Light Profile Monitor iHor. 8 Ver.)
Quod Diode
Streak Camera

Fig. 42

Beam monitors.
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to Visible Light
Monitors

Table 10 Insertion devices.
Calculated spectral performances of the bend source and 6 insertion devices at the Photon Factory. E/l:
beam energy and current, * u : period length, N: number of periods, L: length of unduiator or wiggier,
Gy(Gx): minimum vertical (horizontal) gap height, By(Bx): maximum vertical (horizontal) magnetic field, P:
pure configuration, H: hybrid configuration, S.C.: superconducting magnet, « x , y: horizontal or vertical
beam size, <v, y : horizontal or vertical beam divergence, Kh(Kv); horizontal (vertical) deflection parameter,
e,/ e c : photon energy of the first harmonic (critical energy in the case of bend source or wiggier), A t It:
relative bandwidth, Pc: degree of circular polarization, $ • photon flux in unit solid angle (photons/s-mrad2-1%b.w.), @: brilliance (photons/s-mm2-mrad2-0.1%b.w.), PT: total radiated power, d P / d f i :
power in unit solid angle. Different operating modes of unduiator and wiggier are denoted by-U and-W,
respectively.

None

E/I

X u

GcV/aA

K

L
•

CB

Cy(C)
CM

By IB.)

Type of

Mpwjia-w

a*

O x

a v'

MKv)

0.74

0.26

0.38

0.037

6.0

60

3.6

2.8

0.4

HINdFeD)

0.78

0.11

0.16

0.022

18.0

13

2.5

2.7

1.5

IKNdFcB)

1.66

0.17

0.15

0.019

-u

2.25

0.28

k«/»r«d*

3.5E13

2.9E13

0.029

5.2E16

9.7E1G

0.68

2.7

0.086

9.7E14
5.7E15

4.9E14
3.2E15

G.7
.04 2

2.6
0.19

0.060

20. B

2.2E13

3.4E13

0.050

1.8E15
1.GE16

3.1E15
2.8E1G

8.3
0.12

4.9
0.52

0.637
0.17G
O.O43G
0.0078

0.021
0.039
0.047
0.06G

4.1£16
2.1E1G
6.9E15
1.2E15

2.3E1G
1.2E1G
3.8E15
6.3E14

0.21
0.44
0.78
1.05

1.27
1.54
1.53
1.09

0.11

2.5E14
6.3E15

3.4E14
9.8E15

2.3
0.02

0.38
0.058

5.0

S.C.

1.05

,09G

0.1G

0.025

1.9

1.5

IHNdFeB)

0.78

0.11

0.1G

0.022

16.8
2.0

Revolver
119

5.0
7.2
10.0
16.4

46
32
23
14

2.3

3.0

0.28
0.41
0.53
0.62

IIIXdFeB)
IKNdFcB)
K(NdFcB)
P(NdFeB)

1.66

0.17

0.15

0.019

1.3
2.7
5.0
9.5

EHPWI28
-»
-U

16.0

12

1.9

3(11)

1(0.2)

P(NdFeB)

1.05

.096

0.1G

0.025
15(11
1(1)

4.2IPC-89*)
.18(Pc-99X)

Table 11 General parameters of the storage ring.
2.5 GeV
350 mA

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

40 mA

(max 104 mA)

Emittance

130 nmrad(horizontal)
~2 nmrad(vertical)

Circumference

187 m

(bending radius=8.66m)

RF frequency

500.1 MHz

(harmonic number=312)

Injection

2.5-GeV Linac

(positron/electron)

Beam lifetime

60 h (at 300 mA)

I T > 18 Ah (at -250 mA - 350 mA)

Vacuum pressure

<3xl0- I 0 Torr (at 300mA)
P/l - 8x10-'° Torr/A (at -250 mA - 350 mA)
-3xl0"nTorr(at0mA)

Insertion devices

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

SR channels

SR experiment 22
Beam diagnosis 3
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dP/dfi

k»

G.2
0.162

5.0

Energy
Initial stored (multi-bunch)
current
(single bunch)

PT

6.2
0.108

3.1

-u

2

25.0
2.0

26

2.5/300

fl £ / I

4.0

12.0

V»I14
MPirtiG-ir

t ,/ t c
keV

Dent]
UCO2

. .

T

0.18

Table 12 Beam parameters.
Horizontal tune v x
Vertical tune v y
Momentum compaction factor a
Natural chromaticity i,x

8.45
3.30
0.015
-15.8
-8.6
1.5 cm
7.8 msec
3.9 msec
7.3xlO-4
400 keV

Bunch length a z
Transverse damping time
Longitudinal damping time
Energy spread
Radiation loss

Magnet system

Table 13 Principal parameters of the accelerator 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
28
12
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number of power supplies
1
12
2
10
4
6
42
20

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)
32MQ (four cavities)
39000
89kW
1.7MV
37kHz

Vacuum system
Main pumping system
pump
SIP (Sputter Ion Pump)
DIP (Distributed Ion Pump)
Ti sublimation
NEG (Non-Evaporable Getter)
total effective pumping speed = 2x10 1/sec (for CO)
Rough pumping system
TMP (Turbo Molecular Pump)

pumping speed
300 1/sec

Measurement
B-A gauge
mass filter
cold cathode gauge

number
54
26
71
2

number
12

number
48
4
16 (for baking)

Sector gate valve
all metal with RF shield
all metal without RF shield
viton seal with RF shield

Injection

pumping speed
128 I/sec
150 1/sec

number
5
1
10

system

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

Septum I (SI)
Septum II (S2)
laminated silicon steel (passive type)
1500
1000
6000
6000
7.0
5.0
88
60
Kl , 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
Rated exciting current
Superconducting wire
Cross section of coils
Number of turn
Liquid helium consumption in the permanent current mode
Damping rate of the permanent current
Inductance

5 Tesla
66 mm
40 mm x 260 mm
5 poles
arranged every 200 mm
220 A at 5 Tesla
NbTi: Cu
1:1
size
1.70x0.85 mm2
65 mm x 70 mm
2520
0.1 L/h
1.4 x 10"5/h
1.31 H/coil

FEL oscillator
1. General
target wavelength
FEL gain
cavity loss
net FEL gain
2. Storage ring
beam energy
number of bunches
bunch length (2a)
peak current
beam emittance
energy spread
accelerating frequency
3. Optical klystron
periodic length
number of periods
max. magnetic field
max. deflection parameter
optimum Nd
FEL gain
4. Optical cavity
type
cavity length
mirror 1 (UHV Al)
mirror 2 (MgF2 multilayer)
cavity loss at 177 nm
5. Laser system
mode-lock YAG laser
mode-lock frequency
regenerative YAG amplifier
repetition rate
pulse energy at 532 nm
pulse duration
harmonic generation
harmonic material
max. pulse power

213 nm (177 nm)
13% (11.5%)
4% (8%)
9% (3.5%)
0.75 GeV
4
60 psec
20 A
15 nm-rad
3.8 x lO" 4

500.1 MHz
9 cm
19 + 19
0.7 tesla
5.9
169 (183)
0.6 %/amp
Fabry Perot
23.38 m
R=92%
R=96%
12%
83.35 MHz (= frf 16)
50 Hz
30 mJ
80 psec
KPT, BBO and KB5
500kW(100kW)
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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)
LS (Loss monitor)
Visible Light Monitor
CCD TV camera
CCD profile monitor (H & V)
light profile monitor (H & V)
four-element photo diodes (for oscillation detection)
streak camera
photon counting system

II. Photon beam position monitors installed in beamlines
Beamline
Source
Upstream
U
BL2
DSPM
BL3A
B
SPM
BL3C
B
SPM
BL4C
B
SPM
BL6B
B
SLIT
BL6C
B
SLIT
BL6C
B
SPM
BL7C
B
SLIT
BL10A
B
SIC
BL10B
B
SLIT
BL12A
B
WM
SVW
BL14C
SPM
BL15A
B
SPM
MPW
BL16
DSPM
B
BL21
WM
BL27
B
SPM
BL28
EMPW
Under constr.
Note:
SPM: Split Photoemission Monitor
SIC :
Split Ion Chamber
WM:
Wire Monitor
DSPM: Dual SPM for insertion device line

46
2
1
1
20

Downstream
DSPM
SPM
SPM

SPM
SPM

WM
SPM

B:
U:
SVW:
MPW:
EMPW:

Ver./Hor.
V,H
V
V
V
V
V
V
V
V
V
V
H
V
V, H
V

Bending magnet
Undulator
Superconducting Vertical Wiggler
Multipole Wiggler
Elliptical MPW

Control system
Control computers
FACOM S-3500
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 14 Beam size and divergence at source point.
location

a x [mm]

o y [mm]

o'x [mrad]

a'y [mrad]

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

BO5&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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Table 15
Beamline
BL-1

Summary of Beamline Front Ends in FY 1995.

NTT

Source
Bending magnet (Bl)

Spectral range
VUV and soft X-ray

Status
in operation

BL-2

KEK-PF

60-period undulator

soft-X-ray

in operation

BL-3

KEK-PF

Bending magnet (B2 & B3)

VUV and soft X-ray

in operation

BL-4

KEK-PF

Bending magnet (B4)

X-ray

in operation

BL-5

KEK-PF

Multipole wiggler/undulator

-

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

in operation

BL-13

KEK-PF

27-pole wiggler/undulator

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 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 and X-ray

in operation

BL-19

ISSP and KEK-PF

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)

Beam diagnosis

in operation

BL-27

KEK-PF

Bending magnet (B27)

Soft X-ray and X-ray

in operation

BL-28

KEK-PF

25-pole wiggler/undulator

Circularly polarized
VUV and soft X-ray

in operation

Affiliation
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C. TRISTAN AR

Table 16

The TRISTAN accumulation ring (AR) is a storage
accelerator for accelerating electrons or positrons from
2.5 GeV to 8 GeV, and transferring them to the TRISTAN main colliding ring (MR). During the intervals of
MR-injection the AR is operated with an electron beam
of 6.5 GeV as a synchrotron-radiation source. Typically, it takes one hour for MR-injection. The following
two hours are used for SR experiments. At present the
AR has four beam lines (BL-NE1, -NE3, -NE5 and NE9). BL-NE1 accepts SR from an ellipsoidal multipole wiggler and BL-NE3 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 the AR.

Machine parameters of TRISTAN AR.

Energy

6.5 GeV

Natural emitcance

293 nm rad

Circumference

377 m

RF frequency

508.6 MHz

Bending radius

23.2 m

Energy loss per turn

6.66 MeV

Damping time
horizontal

2.5 ms

vertical

2.5 ms

longitudinal

1.2 ms

Natural bunch length

18.6 mm

Momentum compaction

Table 15 summarizes the operation statistics of the
AR this year. Failures which took more than a day to
be fixed were a leak in a crotch absorber and a waterleak in a power converter of the quadrupoles.
Dust-trapping experiments were performed at the
AR 1 '. An experimental system was developed to control the generation of dust. It consists of a micro-particle launcher and collector, a vacuum system and four
lead-glass counters (two for observing Bremsstrahlung
and two as beam-loss monitors). The launcher has
elight small holders of micro particles, and drops micro
particles onto the beam. The typical size of micro particles is about 0.1 «m to 45 /<m, depending on the species. It was found that although no trapping of metallic
micro particles (Al, Ti, Cu, CuO) was observed, the
trapping of ceramic micro particles (TiCh, Zr-V-Fe) and
diamond micro particles was observed for several tens
of minutes. According to preliminary calculations, diamond micro particles (melting point: 4000 K) have a
lifetime of a few minutes, while Cu micro particles
(melting point: 1360 K) melt away in a time of less then
1 ms due to heating by the beam. This result does not
contradict the observation, and gives a qualitative explanation that micro particles of a material which has a
high melting point would easily be trapped.

factor

0.0129

Natural chromaticity
horizontal

-14.3

vertical

-13.1

Stored current

40 mA

The number of bunches

1

Beam lifetime

240 min.

Table 17

Operation statistics of TRISTAN AR. (From
Oct. 1994 to Sep. 1995).

Time(hr)
SR experiment and MR injection
for physics experiment

3301.5

MR injection for machine study

Others

597.5
676.0
151.5
192.5

Total

4919.0

and beam tuning
Machine study and beam tuning of AR
Failure

Reference
1) Proceedings of the 10th Symposium on Accelerators Science and Technology, Oct. 25-27, 1995,
Hitachinaka, Japan, JAERI.
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A. THE TSUKUBA ADVANCED
RESEARCH ALLIANCE (TARA)
SAKABE RESEARCH PROJECT

negotiated for collaborative research between Tsukuba
University and the Photon Factory. This led to the
possibility of building an experimental station for
TARA. Simultaneously, he solicited participation from
the industries, government labs, and universities. This
process was difficult since efforts depended on the
provisional assumption that the "TARA Sakabe
Research Project" would be approved. We received a
lot of cooperation and, despite the difficult situation,
managed to set the startup date in 1995.

1. HISTORY AND PURPOSE OF THIS
PROJECT
The Tsukuba Advanced Research Alliance
(TARA) Sakabe Research Project is a cooperative
project involving the industries, government and
universities to pursue the understanding of the
maintenance of life and the perpetuation of species
from the functional viewpoint. Advanced technologies
are developed to study three dimensional structures of
biologically important matters by x-ray crystallography.
The structures thus determined form the basis of
research in biological control mechanisms.
Furthermore, utilization of computer graphic techniques
for molecular structure designing shall be pursued.
To achieve the above mentioned goals, an
organization and a financial base must be established.
The utilization of synchrotron radiation is
fundamentally important for the X-ray crystal analysis
of protein. Fortunately, Tsukuba University is very
close to the Photon Factory. Since this project has a
strong appeal to the industries, it should make a good
case to conduct cooperative research including
industries, the government, and universities. One year
was spent to draw the plans for the proposal. The subprojects (hereafter referred to as "groups") shown in
Table 1 were set up during this period. Prior to the
official approval of this project. Prof. Sakabe

2.

The organization of this project is shown in Table
2. Currently, 39 groups and 136 members are involved.
The budget consists of donations from companies,
the official funds for TARA, and other subsidies from
the public, such as Monbusho research funds. As
shown on Table 2, 19 companies are currently
participating; 12 of them have offered donations.
The budget for 1995:
Donation from the industries: ¥340,000,000
Official budget for TARA: ¥2,000,000
For 1996, we plan to finance the project through the
official TARA budget, donations from the remaining
companies (3.5 companies, ¥140,000,000), annual
donations of ¥4,000,000 from the 12 companies.
Among them, donations from five companies will be
allocated for use by the Photon Factory to improve the
cooperative study.
3.

Table 1

ORGANIZATION AND FINANCIAL BASE
OF THIS PROJECT

ACTIVITIES OF GROUP 1

List of Sub-Groups

An urgent task for Group 1 was to build and tune
up the experimental station for TARA, and enable it to
start experiments in May 1996. Dr. Nobuhisa
Watanabe, Dr. Mamoru Suzuki, and the staff members
of the Photon Factory have worked on the beam line
and hutch. Many other tasks, such as interlocks, have
been carried out in cooperation with staff members of
the facility.
1) Location of the experimental station
The most important task was to build the
experimental station for TARA at the Photon
Factory and make it available by May 1996. An
agreement was signed between the University of
Tsukuba and the National Laboratory for High
Energy Physics (KEK) to build the TARA

1. Construction of the TARA Experimental Station and the
development of various devices to be used in the station.
2. Setting up the analyzing devices and software.
3. Ultra-precise analyses of protein crystals, such as insulin.
4. Research of membrane proteins, especially in the bioenergy
conversion system.
5. Research of ultra-macromolecules, such as viruses, and their
application.
6. Structural analyses of enzymes and research on their
functions, properties, and reaction mechanisms based on the
structure.
7. Dynamic structure analysis of a protein molecules by the
time-resolved Laue method.
8. Crystal structure analysis of a nuclear acid-related protein
and research on their function and applications.
9. Research on proteins of medical importance and their
applications.
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Table 2
University

Group and members participating in this project as of March 31,1996

No. of
people

Research
Institute

No. of
people

Company
(Those who have decided to donate
to this project are written in bold)

No. of
people

Univ. of Tsukuba
Osaka Univ.
Kyoto Univ.
The Univ. of Tokyo
Nagaoka Univ.
Himeji Inst. of Tech.
Tokyo Inst. of Tech.
Hokkaido Univ.
Nagoya Univ. of Tech.
Ochanomizu Univ.
Univ. of Osaka Pref.
Osaka City Univ.
Nara Inst. of Sci. & Tech.
Kitasato Univ.
Univ. of Oxford

8
6
6
5
4
3
2
2
2
1
1
1
1
1
2

PF
RIKEN
FAIS
Natio. Inst. of Genetics
Max Plank Inst.

2
2
1
1
2

Mitsubishi Chem. Corp.
Biomol. Engineer Res. Inst.
Japan Tabacco
Kirin Brewery Co., Ltd.
Yamanouchi Pharm. Co., Ltd.
Eisai Co., Ltd.
Banyu Pharm. Co., Ltd.
The Green Gross Corp.
Chugai Pharm. Co., Ltd.
Fijisawa Pharm. Co., Ltd.
Tanabe Seiyaku Co., Ltd.
Sankyo Co., Ltd.
Daiichi Pharm. Co., Ltd.
Mochida Pharm. Co., Ltd.
Kyowa Hakko Kogyo Co., Ltd.
Nippon Roche Res. Center
Takeda Chem. Industries Ltd.
Shionogi & Co., Ltd.
Rigaku Corp.

10
8
8
7
6
5
5
5
4
4
4
3
3
1
1
2
1
1
1

total
15 Universities

45

5 Institutes

8

19 Companies

83

improvements have been made to this camera and it
now has a very high reputation world-wide. The
device includes two large size imaging-plates (400by-800 mm IP) as a detector and a cylindrical
cassette. Considering both area resolution of the
diffraction spots on the IP and resolution of the
crystal structure analysis, we have chosen the
cassette with camera radius of 573 mm. The
relationships between the wavelength, resolution,
cell dimensions, etc. are shown in Table 3.
3) The IP Reader
A high-sensitivity detector was developed by Fuji
Film Inc. with outstanding characteristics; its
sensitivity is at least 30 times higher than a highsensitivity X-ray photo film and its dynamic range
(linear domain of recording volume against
exposure) is fifty to sixty thousand times greater.
Furthermore, it can be reset by irradiating visible
light and may be reused, as long as the protecting
film is clean and not damaged by scratches. Two
types of IP, 200 by 250 mm and 200 by 400 mm,
are manufactured by Fuji Film Inc. for physical and
chemical use, and the BAS2000 is compatible to
the IP reader. The size of the camera to be built for
collecting diffraction data is 800 x 800 mm, so it is

experimental station at BL6B of the Photon Factory.
The cooperation of the KEK management division
has been instrumental in accomplishing this. The
experimental stations currently used for protein
crystallography at the Photon Factory are BL6A
and BL18B. The reason we requested BL6B was
because it stands close to BL6A and cooperation
between them would be possible. Furthermore,
BL6B will become a convenient station if we can
get permission to utilize BL5 as a beam line for the
crystal analysis of protein.
BL6B was originally built as a multi-purpose
station for XAFS or high-pressure diffraction, and
therefore impossible to use as an experimental
station for TARA unless it was remodeled.
Therefore, our first action was to remove the multipurpose station and investigate which devices to
install.
2) Specifications of the diffraction device and optical
system
A device to integrate diffraction data was
specifically designed for this project. The design
was based on the Weissenberg-Camera1)i2)3) for
macromolecular crystallography which was
developed by the author and co-workers. Many
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Table 3

Specifications at 573 mm radius

Two 800-by-400 sized IP, X-ray wavelength:l.OA
Cassette radius (mm)

IP position

Range of photography in 8 direction

Range of photography in horizontal direction

mm

0deg.

A

mm

/3deg.

A

573.0

upper IP

400

20.00

1.46

395

34.58

1.76

573.0

lower IP

390

19.50

1.50

395

34.58

1.76

X-ray wavelength A (A)

0.9

1.00

1.10

1.20

1.40

1.60

1.80

resolution: (vertical direction) (A)

1.31

1.46

1.61

1.75

2.04

2.34

2.63

resolution: (horizontal direction) (A)

1.58

1.76

1.94

2.11

2.29

2.82

3.17

layer line interval 3 mm •> (A)

172

191

210

229

267

306

344

a) When the layer line interval was 3 mm and the coupling constant was 2 degree/mm, one plate could record 6 degrees. These
numbers indicate the cell dimension along the oscillation axis, which allow 6 degree oscillation.

software are therefore essential for this analysis. Many
computers will be installed in 1996. The power supply
line of the computer room at the Univ. of Tsukuba was
increased by 100A and an air conditioner was installed.
A provisional computer system was acquitted prior to
setting up the main computer system. The members of
TARA could also access these computers by Etherrnet.
The computers installed so far are the Mac 9500/120,
Mac 7100/80AV, S-4/5 model 110, Alpha Station 600
5/266, and Power Indigo2 (High IMPACT). Installed
software is WEIS, CCP4, PROTEIN, XTALVIEW,
XPLOR, and AUTOMR. Software to be installed in
the near future are DENZO, O, TURBO-FRODO,
MOLSCRIPT, QUANTA, CHARM, Insight II, and
Xsight.

best to order an 800 mm IP and to produce the
reader according to this size. However, we decided
to use two 400 mm x 800 mm size IPs since the
800 x 800 mm size IP is difficult both to
manufacture and to handle. Two IPR4080s (the IP
reader that we developed for large format IP 400
mm x 800 mm) are installed. Along with the
IPR4080 s, one BAS2000 is installed so that the
ordinary IP could also be used.
4) Other equipment
Other equipments installed at BL6B include an IP
Eraser, an IP storage box to protect recorded data
on the IP from cosmic rays, three computers, an
cryo-device to cool samples down to -180 degrees
Celsius, two microscopes, a filing cabinet, and a
sofa.
5) BL6B Hatch
A hutch sized 2945 x 3150 x 2900 mm was built.
The hutch is air-conditioned to keep the inside
temperature down to 4 degrees Celsius. The space
is still not large enough, so we made the second
floor into a wide deck which includes area for
BL6A.
4.

5.

SUPPORT TO THE ACTIVITIES OF
GROUP 3-9

These groups cannot carry out structure analysis
as members of TARA until the experimental station for
TARA is built. However, many project members, who
are also PF users, have been carrying out researches
using BL6A and BL18B and have obtained successful
results. There is an intimate relationship between
TARA and PF and so, to make the experiments using
PF easy for TARA members, we supported them with
Polaroid film, magnetic tape, and travel expenses.
Furthermore, the beamline assistant system was
established to reduce the work of the PF staff since they

ACTIVITIES OF GROUP 2

Analysis of protein crystallography data for three
dimensional structure determination involves
calculations based on ten thousand to several million
pieces of diffraction data. A computer and appropriate
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are busy constructing the experimental station for
TARA. This system also helped members to obtain
successful results. The part-time assistants are recruited
from postgraduate students associated with our
members. They first study the beam line design and
later support the experiments of the co-users. This
system has received favorable reviews and we are
assuming that it will continue after the construction of
the TARA Experimental Station has been completed.
In addition to what is listed above, a DNA sequential
analyzer was purchased to support the studies of
members who specify biochemistry as their research
area.
6.
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SCIENTIFIC OUTPUT

B. SYNCHROTRON RADIATION
LABORATORY, INSTITUTE FOR
SOLID STATE PHYSICS, UNIVERSITY
OF TOKYO

Dr. S. Iwata, Dr. H. Michel, and their coworkers
sent a report to Nature about the molecular structure
and function of a respiratory chain enzyme. The
investigation was done by analyzing the structure of a
citchrome-C oxidized enzyme (Fig. 1), and they
reported this as members of TARA. Similar research
was carried out by Prof. Tomitake Tsukihara (Protein
Research Institute, Osaka University) who is a guest
researcher of this project, and his group. Both projects
received frequent press coverage. Under the support of
TARA, Tsukuba University succeeded in crystallizing a
certain protein for the first time. Moreover, many
crystals have been improved in quality during the
research.

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. In the following
we describe a brief introduction of these beamlines and
report a few of the recent scientific activities which
were performed during fiscal 1995.
1.

BL18A

This beamline has been constructed to be
dedicated to photoemission experiments investigating
the electronic structures of solids, solid surfaces and
adsorbates. Since the beamline was opened to users in
1991, many active users have used it to investigate the
electronic structures of various materials. The beamline
is equipped with a grazing incidence monochromator
which covers an output photon energy from 15 to 150
eV and an angle-resolved photoelectron (ARPES)
spectrometer (VG-ADES 500). 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 was found to be 0.5°. With the sample
holder, which could be cooled down to 30K, an energy
resolution of 65 meV is achieved at an excitation
energy around 120 eV. Recent works performed in
this beamline are ARPES experiments of metal and

Fig. 1 Complete figure of citchrome-C oxidized enzyme
single antibody FV fragment complex seen from
the direction parallel to the membrane (offered by
Dr. S. Iwata).
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semiconductor surfaces, metal overlayers on Si single
crystal surfaces, and high-resolution photoemission
experiments of simple metals.
Figure 2 shows the ARPES spectra of Si(001) 2 x
2-In surface [1]. Three of five surface state bands,
denoted SI, S2 and S3, are resolved within the bulk
band gap between 0.6 and 2.2 eV in binding energy.
The dispersions of these surface states enables us to
determine the atomic structure of Si(001) 2 x 2-In
which is illustrated in Fig. 3.
Figure 4 shows Al 2p core level spectrum with an
energy resolution of 112meV [2]. From the line shape
analysis, a singularity index 0.058 was obtained, which
is a considerably smaller value than those reported
previously. This implies that the screening of the Al 2p
core hole is not only due to Al 3s electrons, and that the
theoretical calculation including the structure of the
core hole potential and the phase shifts with large
angular momenta of scattered electrons is needed to
evaluate the singularity indices.
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Fig. 2 ARPES spectra for a single-domain Si(001 )2x2-ln
surface taken along [110].

2.

BL19AAND19B

In-ln dlrrie*--'"-..

The beamline is specially designed to accept
radiation from the Revolver undulator and is divided
into two branch beamlines, BL19A and BL19B, by
means of a reflecting mirror system. They have been
constructed to be dedicated to the solid state
spectroscopies which need a high intensity of light
from the undulator. BL19A is equipped with a grazing
incidence monochromator and covers the output photon
energy of from 20 to 250 eV. It is dedicated to spinand angle-resolved photoemission (SARPES)
experiments with a 100 keV Mott detector for electron
spin analysis. BL19B has a plane grating
monochromator with varied-space plane gratings
(VSPG), which cover the photon energy range from 10
to 1000 eV [3]. BL19B was originally considered to be
dedicated to the photoelectron spectroscopic studies of
solids at various temperatures. It is equipped with a
hemispherical electron energy analyzer with a spinpolarized low energy electron diffraction (SPLEED)
detector for electron spin analysis and experimental
apparatuses for soft X-ray emission spectroscopy.
Figure 5 shows SARPES spectra of the Ni 3p
core-level measured at an excitation energy of 175 eV
[4]. The difference spectrum between the spin up and
down spectra (open circles) and the calculated spin
polarization spectrum (broken curve) which are shown
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Fig. 3 Schematic illustration for structure model of
Si(001)2x2-ln.
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in Fig. 5 (d) qualitatively agree with each other but the
3p-3d interaction in the calculation [5] was found to
have been overestimated. The inset shows the
comparison where the energy scale of the calculated
spectrum is reduced by 20 %.
In fiscal 1995, soft X-ray emission spectroscopy
(SXES) experiments were successfully achieved at BL19B [6]. Figure 6 shows the B K SXES spectra of
YNi2B2C and LaNi2B2C. The spectra are reproduced
well by the calculated B 2p partial density of states,
which reveals that the SXES spectra provide important
information concerning the initial state of
photoexcitation, whereas PES spectra correspond to the
photoexcited final states.
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C. OTHER MINISTRIES
Using the multipole wiggler/undulator beamline
BL13, a variety of advanced materials have been
studied as collaborative projects between four national
institutes in Tsukuba and the Photon Factory.
Participating institutes are: 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 has been
designed and built by the four national institutes
(NIRIM, NIMCR, ETL, NRLM) and The Institute of
Physical and Chemical Research (RIKEN) of STA.
The 27-pole wiggler/undulator provides an intense

(b)

15

LaNi2B2C

20 K '

10

5

0

Binding Energy (eV)

Fig. 6

B K SXES spectra of YNi2B2C (a) and LaNi2B2C (b)
compared with calculated B 2p density of states.
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photon beam covering the hard X-ray (4-29 keV) and
the soft X-ray (200-2,000 eV) regions. Efforts have
been made to characterize a number of advanced
materials, in particular in situ structural studies, using
various techniques ranging from photoemission to Xray scattering since the beamline came into operation.
Independent tuning of the insertion device allowed
tuning to a particular species of atom in an undulator
mode by varying the deflection parameter (K-value).
Hard X-ray branches (BL13A, BL13B) and a soft Xray branch (BL13C) are in operation.
At BL13A studies on the precise measurement of
lattice constant have been conducted by NRLM. A part
of the wiggler radiation is diffracted in a horizontal
plane by an asymmetric (422) diffraction of silicon for
BL13A. Two asymmetric crystals are arranged in a
double crystal parallel setting with fixed exit geometry.
X-rays with energy up to 60 keV are available. A
monolithic monochromator with successive (331-331)
diffraction provides an X-ray with a 57 pm wavelength.
The short wavelength X-ray is conveniently used for
Laue case diffraction where the refraction effect is
reduced, improving the accuracy in the Bragg angle
measurement to an angular resolution of 0.07". Outer 1
mrad in horizontal divergene of X-ray radiation is
stably introduced to BL13A without disturbing downstream experiments. A precision goniometer with an
angular setting accuracy of 0.1" for full circle rotation
is installed. Preparation of lattice paramenter
measurement is under way. The absolute lattice
parameter measured at NRLM will be used to calibrate
X-ray wavelength.
Efficiency in fluorescence excitation and detection
at BL13B has been greatly improved by combinding
the use of wiggler and dense-packed solid-state detector
arrays, thereby allowing us to probe the dynamic
aspects of electron states of solids. The advantage of
X-ray absorption fine structure (XAFS) is that the local
atomic arrangements for dilute atoms (10'7cm 3 or
10l7cm2) can be probed with a time scale of 1016 sec.
These features make this technique attractive for
various dynamic processes such as local lattice anomaly
in high Tc superconductors. At BL13B1, a compact
Huber goniometer equipped with a closed cycle helium
refrigerator and a 19-element pure germanium detector
are in operation for polarized fluorescence-detected
XAFS. Figure 7 shows the experimental setup
arrangement for the goniometer. A collaborative
research team of ETL and the University of Rome have

Fig. 7

Layout of the apparatus for surface-sensitive X-ray
absorption fine structure (XAFS) experiments. The
intense monochromatized X-ray beam from the
27-pole wiggler at the Photon Factory irradiates a
sample mounted on a helium closed cycle
refrigerator installed within a Huber 420
goniometer. The 19-element solid state detector
array records the fluorescence yield as a function
of the energy of the incident beam.

performed a series of studies on the temperature
dependence of the local structures for Bi2Sr2CaCu2084>
(Bi2212), YBa2Cu3O7 and La185SrolsCu04.
In Bi2212, two distinct regions with different
conformations characterized by two Cu-0 (apical) bond
lengths separated by 0.17 A were found below
1.4 Tc~120 K. Together with the modulation period
obtained by electron diffraction, this indicates that
stripes of distorted lattice with polaronic nature are
formed. In YBa 2 Cu 3 0 76 , it was found that the local
lattice anomalies occur not only at Tc but also well
above Tc. Figure 8 shows the temperature dependences
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of the mean square relative displacements a2 for three
types of Cu-0 bonds: Cul-04, Cu2-O4, Cu2-Oeq. The
mean-square relative displacements for the two out-ofplane Cu-O bonds (Cul-O4, Cu2-O4) simultaneously
increased at Tc while the in-plane Cu-0 bonds showed
an anomalous decrease below 120 K ~ 1.5 Tc followed
by a sharp increase at Tc, consistent with other lattice
anomalies or dynamic spin susceptibilities observed at
~1.5 Tc. In La185Sr015CuO4, two conformations with
different CuO6 octahedra were confirmed below 120 K.
In Fig. 9, temperature dependence of the Cu-Oeq
distance (a) and their relative probability (b) is
indicated. The results show that a single Cu-Oeq
distance consistent with crystallographic data appears
above 100 K. These results demonstrate that the local
lattice anomalies occur well above Tc, which implies
the active role of lattice instabilities in the mechanism
of high Tc superconductivity.
At BL13C, several experiments were conducted
based on accepted proposals: the analysis of unoccupied
states using X-ray absorption spectroscopy (XAS) and
valence states by X-ray photoemission spectroscopy
(XPS). In both experiments, a high flux and high
resolution photon beam from the undulator was
essential to elucidate the surface properties of functional
materials. NIMCR developed a non-destructive XPS
depth profiling method taking advantage of the energy
tunability of variable-gap undulator. Figure 10 shows a
typical result on the depth profiling analysis for zeolite
particles. Al/Si atomic ratios with different probe
depths were obtained by measuring the Al 2p and Si 2p
photoelectron peaks at various excitation energies. The
profile obtained was then simulated on the model
shown in the inset. The results demonstrated that the
Al/Si ratio near the surface is obtained with subnanometer resolution. Researchers from universities
collaborated with NIMCR in studies of the surface
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Plots of Al/Si ratios of HY zeolite with different
probing depths.

oxidation behavior of metal nitride films using the N Kedge XAS and the CaO/CaF 2 surfaces using the
photodiffraction technique. In the single bunch
operation mode, local photochemical decomposition of
organic polymers was investigated.

performed for the first time at BL-l A since the
transmission function in the soft X-ray region was
improved by replacing the mirrors. X-ray absorption
near the edge structure (XANES) of organic silicon
compounds at Si K-edge were measured to examine
the correlation between XANES and X-ray emission
spectra in order to clarify their electronic structures.
These experimental results are reported in this volume.
BL-9, which is an NEC beamline, consists of
three branch beamlines, BL-9A, 9B and 9C. At BL9A, basic experiments on X-ray lithography have been
carried out since 1986. Various experiments have been
conducted such as optical/X-ray hybrid lithography for
sub-half micrometer devices, resist-hardening by X-ray
irradiation, and study of the mechanisms of high aspect
ratio resist pattern collapse. However, in order to
proceed to the next development stage, NEC decided to
shift its major activity to out of the PF. BL-9A was
returned to the PF, as a public beamline.
At BL-9B, photon energy dependence of the SR
irradiation effect on Al-thermal-CVD was examined.
A clear difference was observed between valence and
core electron excitations. The core electron excitation
was found to be effective in suppressing the CVD
reaction, while the valence electron excitation 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.)
Thin films of tantalum oxide, 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 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 were published in Appl. Phys. Lett. 66
(1995) 2209. Another experiment of an energydispersive grazing incidence in-plane diffraction with
white X-rays was carried out to study very thin poly-Si
films.
At BL-17, which is a Fujitsu beamline, two

H. Oyanagi, Electrotechnical Laboratory

D. INDUSTRY BEAMLINES
BL-l A is an NTT (Nippon Telegraph & Telephone
Co.) beamline for semiconductor surface and interface
analysis. Its optics consist of a grating/crystal
monochromator (GCM) and a set of off-axis
paraboloidal mirrors, which are located upstream and
downstream of the GCM for collimating and focusing
beams. During the shutdown of this year the Pt-coated
off-axis paraboloidal mirrors, used since BL-l A was
constructed in 1983, were replaced with Ni-coated
ones. The aim of replacing the mirrors was to remove
absorption structures at the Pt M-edges from the
transmission function of BL-1A in the soft X-ray
region for X-ray absorption fine structure(XAFS) and
X-ray standing wave(XSW) measurements.
Transmission functions with higher output in the region
of 2000-3000 eV were obtained using the Ni-coated
mirrors, because Ni has no absorption edges in this
region. The transmission functions of BL-l A before
and after the mirror replacement are reported in this
volume.
AtBL-lA, photoelectron, XSW and XAFS
measurements on mainly GaAs surfaces were
performed using VUV and soft X-rays
monochromatized by the GCM. Surface chemical
bonding during InAs nanocrystal formation on a Seterminated GaAs and differences in surface chemical
bonding structures between As-rich and Se-terminated
GaAs were studied by photoelectron spectroscopy
employing a VUV beam (100 eV). A new electron
analyzer (SES200) installed in the in situ photoelectron
spectroscopy system was utilized for these
photoelectron experiments. Si-adsorbed and Sbterminated GaAs(OOl) surface structures were
determined by back-reflection XSW analysis using soft
X-rays. The core-level photoelectron collection mode
of the back- reflection soft X-ray standing-wave
technique was used to investigate the latter surface
structure. Si K-edge XAFS experiments were
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techniques of X-ray reflection and diffraction on the
grazing incidence condition have been developed for
investigation of thin films.
In a field of X-ray reflection, there are two
improvements for precise measurements and analysis.
The former is the method and instrument for precise
parallel alignment between the incident X-ray and
sample surface. The latter is the method for extracting
the interference oscillation components. The typical
accuracy of film thickness, density and roughness are
0.01 nm, 0.01 g/cm3, and 0.02 nm, respectively. We
can characterize very thin films up to ~1 nm with
synchrotron radiation and these techniques, and report
the results of thin oxide films of SiO2 for LSI
fabrication.
We have studied very thin SiO2 gate oxide 7-4 nm
in thickness and discovered the high density interface
layer. The interface layer has always formed after
thermal oxidation with wet, wet O2, dry O2, and dry O3.
Their densities were similar to each other, about 2.4
g/cm3. But, thickness depended on the oxidation
methods and growth temperature. They decrease in
order of dry O2, dry O3, wet O2 and they all decrease as
temperature increases. This was published in JPN. J.
Appl. Phys. voB5(1996) L67. Furthermore, we could
precisely characterize the native oxides after chemical
etching of Si wafers, too. Their thicknesses and
densities depended on the etchants. (Published in JPN.
J. Appl. Phys. vol34(1995) L1013.) The relation
between these results and MOS-FET device
characteristics has also been obtained.
The crystalline structure of titanium silicide films
has been studied by grazing incidence X-ray diffraction.
We can sensitively study the X-ray diffraction of thin
films and orientation or epitaxial relation between a
film and a substrate. There are two phases of titanium
silicide, C49-TiSi2 and C54-TiSi2. The C49 phase is
stable at low temperature and has high resistivity, and
the C54 phase is stable at high temperature and has low
resistivity. We have found epitaxial grain growth of the
C49 phase to Si(001) substrate after low temperature
annealing of deposited Ti films. Furthermore, it was
obvious that these epitaxial grains were thermally
stable and their phase transition rate to the C54 phase
was small. These results were published in JPN. J.
Appl. Phys. vol 34 (1995) L876, vol 35 (1996) 242.

E THE AUSTRALIAN NATIONAL
BEAMLINE FACILITY
1.

INTRODUCTION

The Australian National Beamline Facility
(ANBF) at BL-20B consists of a hard X-ray beamline
capable of delivering white and monochromatic X-rays
(4-21 keV), and a multipurpose experimental station
equipped with a wide range of instrumentation for
experiments in the fields of diffraction, spectroscopy
and optics.
The main beamline instrument is a multiconfiguration two-circle diffractometer and imaging
plate camera optimised for high-resolution powder and
triple-axis diffraction,1'2 grazing-incidence surface
diffraction3 and small-angle scattering. A second
experimental station located downstream from the
diffractometer is equipped for transmission and
fluorescence X-ray spectroscopy (XAFS). Detectors
available for XAFS experiments include ion chambers
(3) and a Lytle fluorescence detector. Available sample
geometries include normal transmission configuration
and normal- and grazing-incidence fluorescence
configurations. The second experimental station may
also be used as a general-purpose workspace for X-ray
optics experiments.
2.

NEW TECHNIQUES AND EQUIPMENT

2.1 Energy- and Temperature-Resolved Powder
Diffraction
The potential of the main beamline instrument
was further realised during 1995 with the running of the
first energy and temperature-resolved powder
diffraction experiments. In this configuration, a large
circular Weissenberg screen is mounted inside the
diffractometer leaving a gap of just 5 mm through
which the powder diffraction pattern of the sample is
recorded on the imaging plates. By horizontally
translating the cassette in which the IPs are mounted
behind the slit, 30 or more separate complete powder
diffraction patterns can be collected on a single set of
IPs as experimental conditions are varied. Figure 11
shows a schematic representation of the Weissenberg
screen experimental configuration of the diffractometer.
This mode of operation has been particularly useful in
the study of phase transitions when the sample

S. Maeyama (NTT), H. Kimura (NEC) and
S. Komiya (Fujitsu)
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Weissenberg
Screen

Fig. 11 Schematic representation of the Weissenberg slit
configuration of the diffractometer at the ANBF
Fig. 12

temperature is cycled, most recently in anomalous
dispersion studies. In such studies, multiple diffraction
patterns are collected as the incident beam energy is
incremented through an absorption edge of one element
in the sample. In this way, the effective scattering
power of the absorbing atoms may be modified. This
technique is useful for providing information on site
occupancies of a particular component of a unit cell.

Photograph of the inside of the ANBF
diffractometer in single-IP GIXD mode. The Xray beam enters horizontally from the left. The
sample stage mounted on a motorised
goniometer head is in the lower left and the IP
mounted in the translating cassette is on the far
right.

the design and implementation of a multiple imaging
plate camera which mounts inside the diffractometer
chamber and allows up to 13 IPs to be stored and
exposed in succession, avoiding the need to break the
instrument vacuum. This facility has proved to be
invaluable for time-resolved GIXD experiments. In
particular, the IP camera has been used to study
temperature-induced phase transitions in LangmuirBlodgett (LB) multilayers. Figure 13 shows a series of
GIXD diffraction patterns collected using the IP camera
as the temperature of a 31-layer cadmium arachidate
LB film was increased. The change in film crystal
structure that accompanies the phase transition that
takes place at around 106 deg C has been clearly
captured.

2.2 Grazing Incidence X-ray Diffraction and the IP
Camera
Another technique which has been newly applied
at the ANBF during 1995 is that of grazing-incidence
X-ray diffraction (GIXD) from monolayers and
multilayers on solid substrates. For the first time
anywhere in the world, imaging plate detectors have
been applied successfully to experiments of this type
with excellent results3. For these experiments, the
Phase II sagittally-focussing monochromator was
employed, and the resulting increased flux, the
sensitivity of the IPs and the ability to operate the
diffractometer in a vacuum have all contributed to
produce a leading instrument in the world for this type
of measurement. Figure 12 is a photograph of the
inside of the diffractometer in IP-GIXD mode showing
the sample stage mounted on a motorised goniometer
head at the centre of the instrument and a single IP
mounted in the cassette to record diffraction due to
periodic structure in the plane of the wafer/thin film
sample.
The capability of the diffractometer for this and
other experiments was further enhanced during 1995 by

3.

FUTURE DEVELOPMENTS

The next major addition to beamline capabilities
scheduled for early 1996 is the acquisition and
installation of a 10-element Ge solid state detector
system. This state-of-the-art instrument will be used
primarily for XAFS measurements on dilute and
surface samples and single crystals though it may also
find application in microbeam fluorescence
experiments. The addition of this detector system
along with the capacity for doing XAFS experiments at
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(a)

cryogenic temperatures which will follow, will bring
the XAFS system at the ANBF up to world standard
and provide access to the latest in XAFS
instrumentation for our user community.
References
1) Garrett, R.F.; Cookson, D.J.; Foran, G.J.; Sabine,
T.M.; Kennedy, B.J.; Wilkins, S.W. Rev. Sci.
Instrum. 66(2) (1995) 1351.
2) Nikulin, A. Yu.; Stevenson, A.W.; Hashizume, H.;
Wilkins, S.W.; Cookson, D.J.; Foran, G.J.; Garrett,
R.F. J. App. Cryst. 28 (1995) 57.
3) Foran, G. J.; Peng, J. B.; Steitz, R.; Barnes, G. T.;
Gentle, I. R. Langmuir 12 (1996) 774.

(b)

(c)

(d)

Fig. 13 A series of GIXD patterns taken from a 31-layer
sample of Cd arachidate on a Si(111) wafer as
the sample temperature is increased, (a) room
temperature, (b) T = 105'C, (c) 110'C (d) 110'C
(after 1 hour annealing). The conventional inplane diffraction pattern shown in (a) is replaced
by an hexagonal pattern characteristic of the
temperature phase as the temperature is
progressively increased through to 110'C and
the film allowed to anneal at this temperature.
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Projects

The undulator and the beamline installed at the Tristan Main Ring
just before the super-brilliant SR experiments had started.
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A. THE TRISTAN SUPER LIGHT
FACILITY
1.

height difference between the two pieces of the
monochromator is 4.5 meters. Due to such a big height
difference, since a wide photon energy range covering
more than 8 keV for this monochromator using the 220
and 400 series diffraction order of silicon, was required,
a 2.7-meter long rail on which the second piece of the
monochromator would be scanned was used.
The 9th MR Super Light Committee meeting,
chaired by Seishi Kikuta, was held on November 4th,
1994, for choosing experimental subjects from among
the presented proposals. Also, the 10th meeting was
held on January 11th, 1995. These meetings were
partly presided by Nobuhiro Shiotani when the
committee evaluated a proposal presented by the
chairman. The following items are the approved
proposal numbers, the titles of the experiments and the
persons in charge of each program.

INTRODUCTION

During the period 1994.10.01-1995.09.30 all of
the beamline components involving the use of superbrilliant synchrotron radiation from the Tristan Main
Ring, including a monochromator, were designed,
fabricated, and installed in the ring tunnel; even further
their commissioning was started. The design and
fabrication of a system for radiation safety was also
completed. Prior to these activities we made a precision
measurement of the coordinates of the quadrupole
magnets along the 100-meter long straight section in
order to observe any change incurred due to some sort
of ground instability after the same measurement was
made in August, 1994. It was almost sufficiently
reliable to be able to align the beamline components.
Soon after completing the entire program of the
Tristan High Energy Experiments and Accelerator Tests
in mid June, 1995, we spent almost three months to
install all of the beamline components, including the
insertion device as a super-brilliant light source.
However, a discrepancy in the order of microradians
between the expected direction of the synchrotron
radiation from the insertion device and the direction of
the beamline was found when all of the components
were properly aligned. This led to holding a meeting to
solve this problem. We reached the most practical
conclusion that the insertion device was realigned so
that the optical axis available from the device would be
in the same direction as that of the beamline; further, if
we can not obtain synchrotron radiation in the proper
direction at the machine-commissioning stage, the
magnetic field of the bending magnets, which were
newly made and installed upstream and downstream of
the insertion device, must be adjusted so that the
synchrotron radiation becomes available at the correct
point of the downstream beamline.
Since the budget requirement for a new building
as an experimental hall for this project has not been
approved, we have tried to find an alternative space for
the experiments; a semi-detached and shielded area was
discovered one floor below the orbit. By that means,
the first piece of the monochromator had to be located
at the end of the beamline in a ring tunnel on the minusthird floor, while the second piece should be in the
experimental space at the minus-fourth floor, so that the

MR95A: Production of Highly Brilliant Hard X-Ray
Microbeam and Its Application; Yoshio
Suzuki.
MR95B: X-Ray Excited Process of Semiconductors;
Fumio Sato.
MR95C: Production of Submicron Beam Made by a
Grazing Incidence Mirror; Sadao Aoki.
MR95D:High Speed Time-Resolved X-Ray
Diffraction of Muscle Under Contraction
Using a Single Fiber; Katsuzo Wakabayashi
& Naoto Yagi.
MR95E: X-Ray Parametric Scattering Induced by
Intense Laser Light; Kazumichi Namikawa.
MR95F: Precision Measurement of Emittance;
Atsuo Ogata.
MR95G: Intensity Correlation of X-Ray Photons
Using Nuclear Resonance Scattering;
Seishi Kikuta.
MR95H: Growth Control of Atomic Scale Crystal by
X-Ray Wave Field; Koichi Akimoto.
MR95I: Search by Means of Synchrotron Radiation
for Neutral Undiscovered Bosons
Interacting Very Weakly with Matter; Shuji
Onto.
MR95J: A Study of Crystallinity in NanoCrystalline Materials; Dudley Creagh.
MR95K: Development of Position Monitor Using a
Diamond Plate; Hideo Kitamura.
MR95L: Development of Profile Monitor Using a
Carbon Wire; Hideaki Shiwaku.
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A workshop was held on February 16th and 17th,
1995, at KEK in order to inform the Tristan accelerator
community about this activity. Speakers were those
whose proposals were accepted.
On the occasion of the KEK Open House on
September 10th, soon after installing the insertion
device and beamline components, many people visited
the ring tunnel. They have indicated their curiosity, and
have asked many interesting questions concerning the
structure and performance of the beamline and
experiments using super-brilliant synchrotron radiation.
A part of this program has financially been
supported by a grant-in-aid for scientific research
provided by the Ministry of Education, Science and
Culture.
Further, another Grant-in-Aid for Scientific
Research was approved for the International Scientific
Research Collaboration Program for the activities
concerning the production and utilization of coherent
X-radiation. An international conference is being
planned.

coupled-bunch instabilities. To find the optimum
working points in the tune diagram, tune-survey using
the SAD code was conducted intensively, based on the
estimated errors. This led to a final decision to adopt
the non-interleaved sextupole arrangement for the lightsource operation of the MR.
The following describes the systems newly
installed, and the measurement result of head-tail
damping. Also reported is the dynamic aperture
measured during the early stage of the MR operation as
a light-source in the autumn of 1995, together with the
tracking result.
Table 1 summarizes the design parameters of the
beam for the MR light-source operation.
Table 1. Design beam parameters
Design

M. Ando

2.

ACCELERATOR

The TRISTAN MR was greatly modified during
the summer shutdown of 1995 according to the
accelerator planl) for a light-source study scheduled in
the autumn.
The lattice was changed so as to enable the
installation of an undulator and to achieve a very lowemittance beam of up to lOGeV. A considerable number
of accelerating cavities, namely all of the
superconducting cavities and two-thirds of the normal
conducting cavities, were removed from the MR in
order to minimize the impedance of the higher order
modes of the cavities, which may limit the beam
current. To improve the vacuum condition in the
location of the removed cavities, alkaline-cleaning was
applied to the chamber surface. For the stability of the
light beam, a local feedback system of the electron
beam was installed into the MR. In preparing for
measuring the beam emittance, a system to observe
visible synchrotron light from a bending magnet was
totally improved.
During preparatory operation of the MR in June,
1995, the head-tail damping rate was measured under
various conditions in order to confirm the effectiveness
of the highly positive chromaticity to suppress any

Beam energy (GeV)
Number of bunches
Beam current (mA)

10
8
10

Cell phase advance (hor.)
(ver.)
Momentum compaction
Betatron tune (hor.)
(ver.)
Natural chromaticity (hor.)
(ver.)
RF voltage (MV)
Synchrotron tune
Damping wiggler field (T)
Radiation damping time (ms)
(trans./long.)
Natural bunch length (mm)
Natural emittance (nm)
Orbit stability with feedback
position (mm) (hor./ver.)
angle (mrad) (horVver.)
Beam life time (min)

90"
90'
0.00073
48.20
41.15
-65
-57
90
0.073
1.2
30/15
5.3
5.0
±1500/150
±15/±5
120

2.1 Orbit Feedback System
The requirements of the orbit stability at the
source point are ±1500|xm, ±50p.m in the horizontal
and vertical position, respectively, and ±15(i.rad and
±5p.rad in the horizontal and vertical angle,
respectively. The orbit movement (measured
previously) shows that the fast movement of 3-100Hz
is small enough, but that the slow movement needs to
be stabilized by an orbit-feedback system.
The orbit-feedback system2' is shown
schematically in Fig. 1. The beam position and angle at
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broadening of the beam size by diffraction, and is
determined vertically by the radiation angle of the
synchrotron radiation (o'r) and horizontally by the
Fraunhofer diffraction by the slit, sf arises because the
camera accepts the light emitted from a finite region
(al) along the orbit, which is unfocused on the camera.
The error due to astigmatism by deformation of the Be
mirror (o a ) is estimated from the positions of horizontal
and vertical focal points, which shift each other by
127mm(=Af) when converted back to the source point.
OR is caused by a change of the beta function (Aftx, y)
in the region al. a ccc j is the digitizing error by the CCD
camera. These errors are summarized in Table 2.

STV
ST

\ enrol

*

ORO

Q»

OflD

Fig. 1 Arrangement of the orbit feedback system

the center of the undulator are measured each turn
using a pair of beam-position monitors (BPM). Four
horizontal steering magnets (STFH) correct both the
position and angle of the beam horizontally and four
vertical one's (STFV) do the same vertically. The
steering magnets are fabricated by laminated steel in
order to obtain a fast response of the magnetic field and
to reduce the hysterisis effect.

Table 2. Error sources in a beam size measurement

2.2 Emittance Measurement

°d
Of

Fig. 2 shows the experimental set up for an
emittance measurement by observing visible light from
a bending magnet. Visible light is extracted from a
vacuum chamber by a Be mirror, defined by a
horizontal slit and focused on a CCD camera by a lens
having a focal length of 1000mm. A filter selects light
having wavelength (X) of 500±5nm. The intensity of
light accepted by the CCD camera is adjusted by a
circular linear wedge-type ND filter. All of the devices
are located in the TRISTAN tunnel.

oa
ob
OCCD

Vertical

0.380 Xch /D

(A./47t)/o'r
(j'rcl

as / di al
as/di Af/2
0.5(Ap/px) o x
17.6um

o'r Af/2
0.5(Ap/py) o y
17.6um

Xc: critical wave length, p: bending radius,
D: opening of the slit

2.3 Head-Tail Damping
When the current is high or the chromaticity is
positive and large, head-tail damping occurs. The
damping rate is proportional to the current and
chromaticity. In Fig. 3, the measured damping rate of
the vertical oscillation is plotted as a function of the
product of the current and vertical chromaticity. The
current of the data points ranges from 0.16 mA to
0.6 mA. The bunch length observed with a streak
camera was almost the same for all cases, about 13 mm.

Light source

Be mirror
In * vacuum chamber
BPF"

d , - 6380 mm
|
1150 mm
\
BPF: Bend Pass Filter ND : NO Fitter

Fig. 2

Horizontal

Experimental setup of the emittance
measurement.

The image is projected on to the horizontal and
vertical axes and fitted to a Gaussian distribution with
a linear background. The standard deviation of the
distribution gives the beam size (ox,y(obs.)), which is
expressed as

o].

OcCD'

where sx,y is the horizontal and vertical beam size,
expressed as ^/e^/J,, , because the dispersion is
negligibly small at the source point, o j is the

Fig. 3 Damping rate of the vertical oscilation as a
function of the product of the current and
chromaticity.
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unit undulators.23) Each standardized-unit (1.8m long)
is placed very precisely on a rigid common frame so as
to form a 5.4-m undulator. We adopted a pureHalbach-type configuration of NdFeB magnets
(remanent field, Br=12.8kG; coercivity, iHc=\l kOe).
The selection of the period (Xu=4.5 cm) was made so
that a Mossbauer energy of 57Fe (=14.4 keV) could be
obtained at the first harmonic under 10-GeV operation
of the MR. The support structure of the XU#MR0 is
shaped like the letter "C", so that it can be installed
without breaking the vacuum of the MR.
Although the MR was not completely converted,
compared to the full version of the TSLF plan, we
aimed to obtain a natural beam emittance of 5nmrad
and an emittance coupling of 2% at the MR's operation
energy of lOGeV, owing to an adequate and minimum
modification of the MR lattice. The spectrum
corresponding to this case is reproduced from the
previous issue of this report in Fig. 5. A calculation
shows that the XU#MR0 is able to produce quasimonochromatic X rays as the first harmonic with a
brilliance of 3.0xl0 18 [photons/s/mm 2 /mrad 2 /0.1%
bandwidth] in the case of K=Q.91 at 14.4 keV when the
MR is operated at 10 GeV and 10 mA with the abovementioned beam quality. By combing 8- and 10-GeV
operation, a photon energy from 8.4 to 21 keV can be
covered by the first harmonic, and that from 25 to 60
keV can be covered by the 3rd harmonic.

Based on this fact, the head-tail damping was
intentionally enhanced by making the chromaticity high
so as to suppress the coupled-bunch instability during
the light-source operation of the TRISTAN MR.
2.4 Dynamic Aperture
The energy and transverse acceptance were
measured and compared through a simulation using the
computer code SAD (Fig. 4). The measurements are
consistent with the simulation for the energy and
horizontal acceptances. The vertical acceptance was
measured to be one tenth of the simulation and can be
explained by the physical aperture of the undulator
vacuum chamber.
S. Kamada
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UNDULATOR FOR THE TRISTAN SUPER
LIGHT FACILITY

104

103

Photon energy (eV)
Fig.5

SR test experiments using the Tristan Main Ring
had been planned" and were performed in the autumn
of 1995. A prototype undulator11 (named XU#MR0),
which was originally fabricated for development of a
construction method for the very long undulators
required in the full version of the TSLF plan,1* was used
for these experiments as a super-brilliant X-ray source.
XU#MR0 comprises three precise standardized-

Brilliance of radiation from the XU#MR0 in the
cases of 8- and 10-GeV operation of the MR with
a beam current of 10mA. Each curve shows the
locus of the peak position of the n-th harmonic
when K decreases from its maximum.

In order to install the XU#MR0 into the MR for
the test experiments, some modification of the common
frame of the XU#MR0 was required, since the beam-
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path height of the installation point (located at the arc
section of the MR) available in the present conversion
of the MR is shorter by 600mm than that (located at the
long straight section) planned in an original TSLF. In
order to resolve this problem, we reconstructed the
common frame of the XU#MR0 to a slim version with
a height of 100 mm (the original had a height of 500
mm), and also lowered the floor level of the installation
point by making a pit 200 mm deep (Fig. 6). The
effects of reassembling the whole system of the
XU#MR0 using this new common frame (for a
magnetic field of the XU#MR0) are negligibly small, if
reconnection of each unit undulator is made carefully
with the accuracy of ±10 mm,1"

Fig.6

The arrangement of the XU#MR0 and magnets
adjacent to it is shown in Fig. 7. In the present case,
we must place the XU#MR0 between the short bending
magnets, which were newly fabricated and placed so as
to create a free space for installing the XU#MR0.
Figure 8 shows photographs of the XU#MR0 after the
installation: (a) the view from inside of the MR, and (b)
the view from upstream along the photon beam axis.
For aligning the undulator and beamline system, we
adopted the following procedure: (1) the undulator
XU#MR0 was aligned using the nearest quadrupole
magnets (between which the XU#MR0 and the short
bending magnets exist (Fig. 7)) by taking the bending
angle due to these bending magnets into account; (2)
the beamline was independently aligned using the
quadrupole magnets in the long straight section of the
MR as targets, where the relationship between the
beamline and the long-straight quadrupole magnets was
determined on the basis of the designed value of the
bending angle between the undulator axis and the long
straight section. However, we found that the undulator
axis was inclined by as large as 0.5 mrad in the
horizontal plane with respect to the beamline axis, and
that this was due to a misalignment between the arc
section and the long straight section in the MR.
Fortunately, in this case, since the beamline was only
one in the MR, we realigned the XU#MR0 directly
along the beamline in turn, and decided that the bending
angle should be adjusted during the operation of the
MR.

Installation of the XU#MR0 and the difference in
the floor level in the MR tunnel: (a) installation in
the long straight section, and (b) installation in the
arc section.

Bl

0RF4 05D

Fig.7 Arrangement of the XU#MR0 and the magnets adjacent to it.
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(a)

4.

BEAMLINE ISSUES

(b)

4.1 Installation and Commissioning of the
Beamline MR-BW-TL

Fig.8

The beamline MR-BW-TL with a monochromator
was installed in the MR tunnel and the commissioning
was started.
The beamline components had been tentatively
assembled at other locations to test connections and
their performance concerning the vacuum, accuracy
and motion. We also tried to the examine alignment of
the beamline at that time.
However, the
monochromator was independently tested concerning
its performance at another location, because it occupied
2 stories of the structure." Since the beamline is about
70 m long, the tentative place was not sufficiently
large. We thus assembled the beamline by bending into
three parts.
We started to install the beamline into the MR
tunnel in June, 1995, since TRISTAN physics
experiments were executed until then. We had only 3
months to install the beamline. Since remodeling of the
accelerator also had to be done during the same period,
we had no reference line for the alignment around the
undulator. The base lines for the alignment were drawn
in July, 1994, by referring to the quadrupole magnets in
the long straight section beforehand, because these
magnets were intact during the remodeling of the
accelerator, and were located within 2 m from the SR
axis. We ascertained in August, 1993, that these
magnets were aligned within ±0.8 mm accuracy.
We used special tools to locate the beamline
components. The special tool comprised a frame, a
water level and a plumb bob. The tool was attached to
a pipe or a cylindrical part of the beamline, and made
horizontal by the water level. The plumb bob and mark
on the frame indicated the center of the pipe to within
±0.3 mm accuracy in the horizontal and vertical plane,
respectively. We adjusted the beamline components to

Photograph of the XU#MR0 after the installation:
(a) view from inside of the MR, and (b) view from
upstream along the photon beam axis.

The Operation of the MR for the test experiment
was started on Sept. 18, 1996, and the electron beam
was stored as early as on Sept. 20. Immediately after
the commissioning of the beamline, X-rays from the
XU#MR0 were successfully introduced to the first
crystal piece of the double-crystal monochromater of
the beamline. The XU#MR0 provided X-rays very
stably for commissioning of the double-crystal
monochromater and for various utilizations until the
end of the test experiments on Dec. 27, 1995."
Table 3 Parameters of the 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 r =12.8kG, /H c =17k0e)
A.u=4.5cm
120 [=3x40/unit undulator]
5.4m [=3x1,8m/unit undulator]

B=2.64kG
K=1.11
3~50cm
2.4cm

5. Yamamoto
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Fig.9

SR experimental room with the extended part on the -4th floor of the Tristan Tsukuba experimental hall. Several
pieces of the SR experimental apparatus were set in tandem in the SR experimental room.

The vacuum of the beamline was on the order of
10' torr at the upstream part, and 10 5 torr at the
downstream part from the Be windows. Leakage of the
mechanically fixed Be window4' was about
lxlO 5 torr-litter/sec. This type of Be window was able
to maintain a pressure on the order of 105 torr against
the air pressure, and to maintain a pressure on the order
of 109 torr against a pressure on the order of 105 torr.
The radiation-safety system of the beamline
passed an inspection on September 28, 1995, and has
worked well.
H. Sugiyama

the base line in the horizontal direction and the center
of the quadrupole magnets in the vertical direction
while referring to the plumb bob and the mark on the
frame, respectively.
We have confidence that the beamline components
were aligned within ±2 mm accuracy throughout. In
fact, the differences in the SR axes estimated by any
two sets of horizontal/vertical beam-position monitors
(BPMs)2) were less than lmm. The horizontal/vertical
BPMs used were a graphite-wire type, three sets were
installed at 16/17, 48/49 and 83/84 m from the source
point.
The SR experimental room1 3) was extended by 6.7
m downstream, as shown in Fig. 9. The hole for
leading SR into this room was bored in January, 1995.
The extended part was built of steel (7.7 mm thick) and
lead (5 mm thick) plates, like the experimental hutches
at the PF. Several pieces of the SR experimental
apparatus can be set in tandem in this room by this
extension. We can avoid replacing the apparatus by
setting them in tandem, since we have only 3 months
for SR experiments. The SR experimental room has
the role to protect from both outgoing radiation to the
outside and incoming radiation from the accelerator.
This room is used like the experimental hutch at the PF.
We can access this room as long as the monochromatic
X-ray shutter, like the DSS at the PF, is closed, even
though the SR shutter, like the MBS, is opened and the
accelerator is under operation.
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1) H. Sugiyama and Y. Higashi, PF Activity Report
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4.2 The Diamond Beam Position Monitor
4.2.1 Introduction
For third-generation synchrotron facilities, the
photon beam-position monitor with a high position
sensitivity of less than a few microns and stability
under a high heat load is required. For example, the
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carriers (electrons and holes) are created due to the
interaction of photons with the diamond. These carriers
drift along the electric field and generate a current in
the external circuit.2' The electrodes of the monitor are
segmented into four parts so as to obtain information
concerning the two-dimensional beam position. With
the currents from each electrode, the beam centroid can
be found using the following formulae :

maximum total power and density of undulator
radiation of SPring-8 will reach about 11 kW and 470
kW/mrad2, respectively. As a candidate to satisfy these
requirements, a beam-position monitor using a diamond
foil as a position-sensitive device, operated in a
photoconductive mode, has been developed. As a
collaborative effort between KEK and SPring-8, the
prototype monitor will be tested on the TSLF beamline.
The monitor was installed on the beamline 20 m from
the insertion device, and an operation test has been
made. The design of the monitor is discussed below.

X = A,

( 'U-R

+

'D-R ) " ( 'U-L + >D-L )
>D-R +

Y = Ay X

4.2.2 Diamond Monitor

[

-R + lU-L ) - (
+ ! U-L +

(1)

U-L

(2)
+ 'D-L

where IU-R, IU-L, ID-R, ID-L (U : upper, D : down, R
: right, L : Left) are the currents from each electrode
and Ax, Ay are calibration factors.
The superior thermophysical properties of
diamonds, such as a high thermal conductivity, low
thermal expansion, high mechanical stiffness and
radiation hardness, make it usable in a harsh
environment on the front ends of beamlines, where
other semiconductor-like detectors can not be used.
Since the photoconductive current of the monitor
is proportional to the radiation power absorbed in the
diamond, the sensitivity to hard X rays radiated near to
the axis is emphasized compared with that of a
photoelectron-emission type monitor having a high
sensitivity to UV and soft X rays. Therefore, the
contamination with soft X rays from the bending
magnets is expected to be reduced.

A schematic view of the diamond monitor is
shown in Fig. 10. A synthetic polycrystalline diamond
film is made through a chemical vapor deposition
process (CVD), and is used as an active element. 0
There are electrodes on both sides of the diamond, and
an external voltage is applied between these electrodes
in order to produce an electric field in the diamond.
When a photon beam irradiates the diamond, free

Cooling QunRtl
Support Frame
\

H. Sakae and H. Aoyagi, RIKEN
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Diamond Meiuter

4.3 Wire-type beam monitor at the TSLF
The development of a wire scanning-type beamposition monitor has been studied. As a result of a
previous investigation at the TRISTAN AR-NE3,U) it
was found that the wire scanning-type beam position
monitor (BPM) is very effective for undulator X rays.
Thus, wire scanning-type BPMs were installed at the
TSLF, and a beam-monitoring system is being
constructed.

Pld (Ti/Pl/Au)

Fig.10 Schematic view of the diamond monitor.
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Fig.11 Layout and positions of the beam monitors.

Fig. 12 Schematic diagram of the control and data-acquisition system of the beam monitors.

GP-IB extender are employed for control and data
taking. The main control unit is located at the -4th
floor of the TSUKUB A experimental area at TRISTAN;
a sub-control unit will be located at the TRISTAN
control site. The principles of beam-position
measurement and instrumentation of the beam monitor
were described in detail elsewhere.121 A carbon wire
(0.3mm width), cut from a carbon sheet (0.1mm thick)
was used as a monitor probe for the TSLF beamline.
Two modes are available for measuring: a) the wirescanning mode, which measures the X-ray beam
profile, and b) the wire stay mode, which measures the
intensity variation. The fundamental control system has
already been constructed.

Three pairs of beam monitors, which comprise
horizontal and vertical monitors, were located in the
TSLF beamline at 16.5 m for the upper position, 48.8 m
for the middle position and 83.4 m for the lower
position from the emission point, respectively. These
positions correspond to position in front of a watercooled mask, a center position of the beamline, and a
position in front of a water-cooled X-Y slit,
respectively. Figure 11 shows an outline of the
positions of the beam monitors. Especially, the upper
monitors are located in front of the other front-end
instruments, since it is available to measure the beam
position at all times, even if a beam shutter (watercooled shutter) is closed. Furthermore, this situation
allows measurements of non-transmitted X rays from
the undulator, since there is no X ray shielding material
(for example, carbon filters and/or beryllium windows).
Figure 12 shows a scheme of the control and dataacquisition system. Optical fiber cables including the

H. Shiwaku, JAER1
References
1) Rev. Sci. Instrum., 66, 1990 (1995).
2) PF Activity Report #11, S-13 (1993).
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5.

PREPARATIONS FOR THE SR
EXPERIMENTS

. KEK PF stor«g« ring
Bl-SCj

5.1 X-ray Microbeam with Grazing-Incidence
Mirrors
detector
or
scanning systen

X-ray microprobes have been developed for
various spectroscopic and structural studies concerning
matters with spatial resolution. Detectable signals are
fluorescent X rays, photoelectrons, micro-X-ray
diffraction, EXAFS and so on.
There are several approaches to produce an X-ray
microprobe. Among the various optical elements,
grazing-incidence mirrors are very convenient focusing
elements, because they can be used for a wide spectral
range. Due to the large optical aberrations inherent to
a single grazing incidence mirror, it was difficult to
produce a small X-ray spot 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 reduce aberrations
considerably. For a highly collimated beam a
telescopic mirror system can be applied. The Wolter
mirror comprises a paraboloidal mirror and a
hyperboloidal mirror, which compensate each other's
aberrations. For the optical system in the limited
distance between the X-ray source and the mirror, an
ellipsoidal mirror is used instead of a paraboloidal one.
Figure 13 gives the parameters of a Wolter type-I
mirror which is being developed for X rays from an
undulator. The average grazing angle(G) is about
7mrad and the mirror surface is coated with platinum.
X rays of energy less than 12keV can be reflected.
Since the inner diameter of the mirror is not large
enough to be polished directly, it is fabricated by a
vacuum-replication method. First, the master mandrel

Fig. 14 X-ray microbeam optics.

(a)

(b)

20 fi m

Fig. 15 9keV X-ray microspots (a) and the selected one
spot by the spatial filter (b).

(tungsten carbide) is polished, and its replica is made
with Pyrex glass. Then, the inner surface is coated with
platinum in order to enhance the reflectivity of shorter
wavelengths. The total reflectivity of the mirror was
calculated to be about 67% at 9keV.
The performance of the Wolter mirror was
examined at BL-6C2 of the PF. A schematic diagram
of the microbeam optics is shown in Fig. 14. A
collimated 9keV X-ray beam, whose horizontal
divergence was about 30 j^rad and vertical one was
about 20 |0.rad, was obtained by combining a Si(311)
channel-cut monochromator and two slits (#1, and #2).
The surface undulation of the mirror produced separate
micro-spots in the focal plane (Fig. 15(a)). One
microspot was selected by using a spatial filter near to
focal plane (Fig. 15(b)). The size of the microbeam
obtained was about 9 jam x 12 \xm.
A smaller spot is expected to be obtained by using
a highly collimated beam from an undulator at the MR.
A high collimation better than 10 urad will make the
spot size sub-micron or so.

paraboloid
hyperboloid

S. Aoki, University ofTsukuba

Fig.13 Parameters of a Wolter mirror.
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5.2 Hard X-ray Microprobe with Sputtered-sliced
Fresnel Zone Plate

focused beam size of 1 urn. However, a beam intensity
of higher than 106 cps is expected at the TSLF. The
design parameters of the FZP microprobe optics for the
TSLF are listed in Table 4.
The sputtered-sliced FZP is fabricated by the
following method: Alternate multilayer zones are
constructed by magnetron sputtering. The Ag/C
concentric multilayers (50 layers) are deposited onto a
Au wire substrate (47|im in diameter). The film
thickness (zone width) of the first inner layer is 0.4u.m,
and 0.25(xm for the outermost layer. The diameter of
the FZP is 80u.m. After deposition, the wire sample is
sliced into a plate normal to the wire axis. Finally, the
FZP is mechanically polished until it has appropriate
thickness.
Recently, we tested new zone plates at BL-8C2.
The improvements to the FZP are as follows:
1) Use of a graphite substrate; thin sliced FZP was
bonded onto a 1-mm thick PMMA plate. The
substrate is now being replaced by graphite plate of
lmm thick for a possible high heat load at the
TRISTAN-MR beamline.
2\ Testing of the phase-modulation zone plate; the
previously tested FZP had a thickness of about
50|j.m. The thick FZP is an amplitude-modulated
FZP, and the theoretical limit of the first-order
diffraction is about 10%. A thin (less than lO^m)
FZP is considered to be a phase-modulated FZP;
thus the theoretical limit of the first-order
diffraction efficiency increases up to 40%.

The X-ray microbeam is considered to be one of
the key-technologies for 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. We are
planning to carry out a hard X-ray microprobe
experiment at the TRISTAN-MR test beamline. Three
kinds of optical systems (total-reflection mirror optics,
multilayer mirror optics and Fresnel rone-plate optics)
are being developed for a microbeam experiment; a
spatial resolution of about 1 [im has been achieved.13)
However, the alignment and tuning of the mirror optics
within the limited machine time are considered to be
very difficult. Therefore, we have chosen Fresnel
zone-plate optics.
A sputtered-sliced FZP, fabricated by Kamijo and
Tamura2-3' at the Osaka National Institute, has been
tested at BL-8C2 of the Photon Factory 2.5-GeV
storage ring; a focused beam size of 0.9 |j.m has been
achieved at an X-ray energy of 8keV. However, the
FZP is not a practical device at the bending-magnet
beamlines because of its low efficiency (about 4%) and
small numerical aperture. The total photon flux
available at the normal bending-magnet station of the
PF 2.5-GeV ring is much less than 103 photons/s for a

Table 4 Design value of the X-ray microprobe (Fresnel zone plate optics)
Optics
Monochromator

single stage Fresnel Zone Plate
Si(220) double crystal

X-ray wavelength
Source size (assumed)
Distance between source and focal point
Divergence of radiation accepted by mirrors

1.54 A
0.3 mm x 0.05 mm
100 m
0.4 urad x 0.4 urad
(half angle)
140 mm at 1.54A
80 urn
1.3 x 1 0 3

Focal length
Diameter of FZP
Nominal demagnification
NA
3x10^
Calculated spot size (by geometrical optics)
0.42 urn x 0.07 urn
Diffraction limit
0.31 urn
Photon flux at sample point
about 3 x 1 o7 photons/s
(Efficiency of 5% is assumed)
(B = 2 x 10'8 photons/s/mm7mrad2/0.1%bandwidth is assumed)
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the tolerance on the source depth is written as

The X-ray focusing properties were evaluated by
the conventional knife-edge scan at a wavelength of
1.54A. The results of a focusing test for the newly
developed FZP are shown in Fig. 16. The focused
beam size, defined by the 25%-75% criterion, is about
0.9^m. The diffraction efficiency for the first-order
focus is 10%, and by considering apodization by the
center beam stop (47u,m diameter gold), the pure
diffraction efficiency is estimated to be 16%.

When we use the optical system listed in Table 4,
and the parameters a = 100 m, / = 140 mm, M4 = 3 x
10\ X = 1.54A, and Aa = 6 m, we have 8 = 5.2 x 10 J
(m), Ab = 1.2 x 10 s (m). Therefore, a light-source
depth of 6 m is negligibly small in this optical system.
Y. Suzuki, Advanced Research Lab., Hitachi, Ltd.
andN. Kamijo, Osaka National Institute
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5.3 Mechano-chemical X-ray Diffraction on Single
Muscle Fibers

Fig.16 Focusing Test Results for the Newly Developed
FZP

5.3.1 Design of a small-angle camera
The undulator used at the TRISTAN-MR light
source has a length of about 6m. Therefore, the
tolerance on the focal depth should be carefully
examined. The depth of focus (8) can be written using
the well-known formula,

An ideal small-angle X-ray diffraction camera for
an undulator beamline would be rather complicated and
expensive. Considering the limited time available to
set up such a camera for the Tristan MR beam line, it is
necessary to design a simple small-angle camera that
can fulfill the requirements of the proposed
experiments.
The design shown below is simple and sufficient
for our purpose (Fig. 17). Since the specimen is a
horizontally laid muscle fiber, a single X-ray mirror
(Pt-coated) reflecting in the vertical direction may
suffice. The horizontal beam width can be decreased
using slits.

8 = 0.6U/2/(iVA)2
Here, X is the X-ray wavelength, and NA is the
numerical aperture of the focusing lens. When the
distance between the source and the FZP is a, and the
distance between the FZP and the focal point is b, the
focusing condition is also expressed by the well-known
equation.
I/a+1/&=1//.

Vacuum pipe
from Monocr.ro~a^ors

Here,/is the focal length of the FZP. When the
source has a depth of Aa, the difference in the focal
point (Ab) can be approximately expressed by

Roiatir.g-drum
I? delec^or

Ab = -Aa (f/af .

Fig.17 Design of a small-angle X-ray diffraction camera
for the MR experiments.

Here, we assumed/« a and Aa « a. Therefore,
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We are currently looking for a mirror and a bender
for this purpose. If they are not available, it is planned
to carry out an experiment without using a mirror.
Even in this case, a calculation shows that the low
emittance electron beam in the MR produces such a
small photon beam that we can still obtain a flux about
one-order higher than that of the Photon Factory.

A preparatory experiment was performed at beam
line 15A of the Photon Factory in April, 1995,
using a 0.5-mm bundle of muscle fibers as a
specimen. The specimen control system and the
detector system worked fine, and changes in the
intensity of the (1,0) and (1,1) equatorial reflections
were observed. All of the programs necessary for
the data analysis have been prepared. The specimen
control system will be improved for the Tristan MR
experiment so that the experiment can be performed
in a hutch, which will make access for the
researcher more difficult.

5.3.2 Proposed experiments
We are currently planning to carry out two
experiments:
1) An oscillation experiment using a rotating-drum
imaging-plate detector. For this experiment, a
single skinned muscle fiber is activated and its
length is sinusoidally changed by a linear motor at
0.5-lkHz with an amplitude of about 0.5%. The
intensity distribution along the meridian (that is, in
the direction along the fiber axis) is recorded on a
rotating imaging-plate with a time resolution of
0.1-0.2 msec. The streak diffraction image is read
out in the detector and transferred to a UNIX
workstation through ethernet.
A preparatory experiment was performed at beam
line 15A of the Photon Factory in June, 1995. The
specimen control system and the detector worked
as expected. Programs necessary for data reduction
have been written. The exposure required to record
a myosin meridional reflection (at 1/14.5 run1) was
about 10 min. We did not observe an intensity
change that could be associated with sinusoidal
oscillation, which was probably because the long
exposure and the large size of the specimen (a
bundle of fibers, 0.8 mm in diameter) caused a
depletion of ATP. A higher flux from the MR
undulator will make it possible to shorten the
exposure and to use a smaller specimen.
2) A caged-ATP experiment using an X-ray TV
detector, hi this experiment, a single skinned fiber
in a rigor solution containing caged-ATP is
illuminated by a strong UV flash. The twodimensional diffraction pattern is recorded by an Xray TV detector consisting of an X-ray image
intensifier, a lens coupling, a CCD video camera,
and a 12-bit image analyzer. The intensity of the
equatorial reflections, actin layer-lines, and myosin
meridional reflections will be measured. The timeresolution is limited to 17 msec because of the
scanning rate of the video camera.

N. Yagi, Tohoku University and
K. Wakabayashi, Osaka University
5.4 Preparation for an Experiment of the TwoPhoton Correlations in SR X Rays

In 1956 R. Hanbury-Brown and R.Q. Twiss had
observed that photons in a monochromatic light beam
from a thermal source did not arrive completely at
random, but arrived in bunches. In their experiment, a
light beam from a mercury arclamp after passing
through a filter and a pinhole was divided by a semitransparent mirror, and then impinged on two detectors.
The correlation between the instantaneous intensity
fluctuations in the detectors was observed as a function
of the degree of coherence of the light at the detectors
by traversing one detector. This technique was applied
to an optical steller intensity interferometer, and the
angular diameters of visible stars were measured. We
plan to extend the experiment made by Hanbury-Brown
and Twiss to shorter wavelengths beyond visible
wavelengths and observe the bunching effect of X-ray
photons. We can expect that this experiment may be
promising by using highly brilliant SR from the MR.
Further, it may be possible to use this technique for the
characterization of an SR source, such as the source
size and the bunch length.
5.4.1 Precision Goniometer System
For this experiment we designed and constructed
special equipment. Figure 18 is a front view of a
precision goniometer system comprising four
goniometers, two of which are high-precision
goniometers and two of which are 6 -28 goniometers.
They were designed so as to be used for the horizontal
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5.4.3 Temporal Coherence
Concerning temporal coherence, the most
favorable condition is that the X-ray beam be
monochromatized to a bandwidth of about 10 |j.eV,
which corresponds to the pulse width of the SR (60 ps).
One choice for monochromatization is to use a nuclear
monochromator based on nuclear resonant scattering.
The (777) nuclear reflection from an "Fe-enriched oc"Fe 2 O 3 hematite crystal provides an ultramonochromatic beam with a bandwidth of less than
l|ieV at a resonance energy of 14.4 keV. The other
choice is to use an electronic monochromator based on
the usual Thomson scattering. A monochromator
giving a bandwidth of 6 meV is available, which was
used for experiments of nuclear resonant scattering. It
comprises two channel-cut Si crystals with asymmetric
422 reflections and symmetric 12 2 2 reflections. We
are now developing a new type of Si monochromator
with a bandwidth of sub-meV. In this monochromator
asymmetric 844 reflection with grazing incidence is
made two times successively. Two of these assemblies
are arranged in the ( +, + ) setting.

immmmmm
I
Fig.18 Front view of a precision goniometer system.

axis. In the precision goniometer, the 6 axis is driven
by a tangential bar mechanism with a precision
micrometer head. The finest step of rotation is 0.005
arcsec. In the 6 -29 goniometer the 8 and 20 axes are
driven independently by stepping motors. The finest
step of rotation is 0.0001. For adjusting the
goniometers during their installation along the expected
beam path, each goniometer is mounted on a vertical
translation table supported by a coil spring. This stage
is in turn mounted on a horizontal stage attached to a
cast-iron base.

S. Kikuta, University of Tokyo
5.5 MBE apparatus for the growth control of thin
films by X-ray standing-wave fields and
measurements of the semiconductor surface
stress

5.4.2 Spatial Coherence
High degrees of spatial and temporal coherence of
the X-ray beam are necessary for observing two-photon
correlations. A high spatial coherence can be obtained
by limiting the beam cross section with a precision slit,
which is located about 100m apart from the SR source
point, since the source size of MR is very small. The
typical slit size is 20 p.m x 40 |im. Figure 19 is a front
view of a precision slit comprising a horizontal and a
vertical slit. The blades of the slits made of tantalum
metal are driven by stepping motors, and their positions
are read by linear encoders. The slit width is set to an
accuracy of 1 p.m.

A molecular beam epitaxy (MBE) apparatus,
furnished with E-gun evaporators and Knudsen Cells
and RHEED, was built by reorganizing the apparatus
for in-situ grazing incidence X-ray diffraction." The
first purpose of the apparatus is the growth control of
thin films by irradiating intense X-ray standing fields
using synchrotron radiation from the Tristan AR and
MR. The second purpose of the apparatus is to measure
the stress or minute strain fields of a semiconductor
surface induced by surface reconstruction using
extremely asymmetric bulk X-ray diffraction.2'
The pumping system is a 50 //s turbomolecular
pump and a 140//s ion pump with a titanium
sublimation pump (TSP). The base pressure in the
MBE chamber is 2 x 10l0 Torn The E-gun evaporators
and Knudsen cells and the TSP are surrounded by
liquid N2 shrouds.
The apparatus has a high-precision manipulator

Fig. 19 Front view of a precision slit.

P-14

Be window

B. VUV-FEL

manipulator
ion gauge

titanium sublimation pump
turbomolecular pump

next beamline
/
Be window

ion pump

Fig.20 Overview of the MBE apparatus.

for X-ray diffraction. The precision of the manipulator
for sample rotation is 0.0036 degree/pulse, which is
sufficient for extremely asymmetric bulk X-ray
diffraction conditions. For the growth control of thin
films by X-ray standing-wave fields, the incident angle
is set to a fixed angle and the angle of monochromator
is varied for changing the diffraction condition.

FEL-research in the UV/VUV-region is under
way at BL-2 using an optical klystron. We set an FELgain measurement of 213/177-nm as our first goal
using the 5th/6th-harmonics of a Nd-YAG laser as
external coherent light. An optical beamline to transport
the 213-nm coherent light from the laser source to the
optical klystron was constructed during 1995. The
optical pass creates a 213-nm beam envelope of light
having a waist of 270 jim at the center of the optical
klystron. Figure 21 shows the laser beam sizes in the
beamline. The solid curve is the calculated beam size
and the circles are the measured size. The measured
waist size was 265 ± 10 ^m at the center of the optical
klystron.

0.01

F7T

0.001

0.0001

K. Akimoto, Nagoya University and
A. Tanikawa, Microelectronics Research Labs., NEC
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Fig. 21 Laser beam size in the FEL beamline.

A precise match between the incident laser-beam
and the electron beam is required for both their
positions and timing at the center of the optical klystron.
We have established a method to control the positions
of both the electron and laser beams within an accuracy
of 50 |^m. The position of the laser beam is adjusted
using two SiO2 parallel plates. The positions and angles
of the electron beams at the optical klystron were
obtained by measuring the positions of the spontaneous
emission at two locations 7 m a part in the beamline.
A system is under development which can control
the timing of the electron bunch and the laser pulse
using a streak camera. Figure 22 shows a block diagram
of the timing system.

5.6 First Light from the Undulator on the MR
We observed for the first time the SR beam from
the undulator on the MR on September 29, 1995 by
using the most-upstream beam-position monitor
(BPM), which was of the graphite wire scanning type.
The beam profile by the BPM changed while varying
the gap of the undulator. This fact confirmed that the
observed beam by the BPM was the SR beam from the
undulator. On the next day (September 30) the SR
beam reached the BPM furthest downstream which was
located 84 m from the source point.
H. Sugiyama
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An upgrading of the klystron modulator was completed
in 21 of 57 sockets, doubling the average power of the
existing ones.
2.

CONTROL SYSTEM

The linac control system has been operating well
since being upgraded in October 1993, with an
availability rate of more than 99%. However, we
should even further increase its reliability in order to
make the system usable in the KEKB project. It was
improved in several ways this year, especially in areas
concerning base services for control processing and
communication:
1) Because of cost constraints, only one computer was
being used for central control processing. A new
central UNIX computer (DEC3000/Alpha) was
introduced to share the controlling functions with
the original computer.
2) The communication network was replaced with
fiber-optic Ethernet and an FDDI network. A star
topology was employed for its performance and
maintainability.
3) The basic control communication protocol was
switched from TCP to UDP for better failure
recovery in real time.
4) A disk-less boot-up procedure was developed in
order to eliminate hard disks in the field VME
computers. Since hard disks are mechanical
devices, their failure rates are high.
5) Because of technical difficulties, MS-Windows
based RS232C serial lines are being used for
communication between the UNIX servers and the
operator's console systems. While employing new
software, these are gradually being replaced by a
TCP connection over FDDI and Ethernet.
These improvements provide basic functions for
the KEKB linac operation along with higher reliability.

Fig. 22 Block diagram of the timing system.

C. KEKB
1. PROGRESSIVE STATUS
The KEKB, an asymmetric, double-ring electronpositron collider, requires an upgrade of the Injector
Linac in order to increase the energy of the electron and
positron beams to 8 and 3.5 GeV, respectively.
Formerly it was 2.5 GeV.
Reconstruction of the KEKB injector's PF 2.5GeV linac was started in FY1994 as a five-year
program. From the autumn of 1994, high-current
acceleration tests of single-bunch electron beams,
which are necessary for producing intense positron
beams, were carried out while gradually increasing the
charge per bunch up to 6 nC. Regarding high-current
tests, the linac was realigned using an improved laser
alignment system. During the winter shutdown (19941995), three rf-compression systems (SLEDs) were
installed in the 4-7, 4-8, and 5-6 accelerator units. In
FY 1995, new accelerator-unit components (including
accelerator guides) were ordered, and fabrication was
started. During the summer shutdown of 1995,
extensive reconstruction of the linac was carried out in
which the positron generator linac was completely
dismantled and removed according to the new linac
layout for KEKB (see Photon Factory Act. Rep., 1994).
The layout of the second sector of the PF linac was
changed for the production and acceleration of positron
beams. Part of the positron generator was moved there.
The eleven 30-MW klystrons in the gallery were
replaced by seven 40-MW and four 50-MW klystrons.

3.

SUB-BOOSTER KLYSTRON

The KEKB-project requires an energy upgrade of
the PF linac from 2.5 GeV to 8.0 GeV. New 50-MW
klystrons have already been developed, requiring 60kW (2856 MHz, pulsed) sub-booster klystrons (SBK)
to feed the drive power to these 8 tubes, which are
operated with SLED cavities. Since there are no
commercial tubes available which satisfy our
specifications, a new tube has been designed at KEK
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and manufactured through a collaboration between
KEK and MHI (Mitsubishi Heavy Industries Co.). The
specifications for the sub-booster klystron are given in
Table 5.
We have been using two 10-kW tubes of Thomson
CSF (TH2436) in each sector. The differences
regarding the TH2436 and the new SBK-tubes are as
follows:
1) Electromagnet focusing has been adopted instead
of a permanent magnet.
2) The frequencies for each klystron cavity need not
be tunable since the role of this tube is limited. The
new tube has 6 cavities, while the old tube has 4.
These modifications enable us to obtain a high
gain.
3) The new tube has an ion pump.
4) Water cooling has been adopted in order to stabilize
the operation performance.
5) The input power feeder has been set vertically to
reduce the inside bore diameter of the magnet (Fig.
23).
6) The output waveguide is a coaxial 39D type and the
flange of the output waveguide is a BFX-39D
standard, which is popular in Japan. (The old type
was EIA-39D standard.)

7) An Ir-coated dispenser cathode 25.4 mm in
diameter has been adopted instead of the oxide
cathode in consideration of its operating life.
8) Our tube configuration has some similarities to the
design of the SLAC sub-booster klystron.
The basic design of the tube has been fulfilled at
KEK, and some manufacturing processes, such as
cathode processing, tube baking and pinching off, were
also demonstrated at KEK. A prototype tube
manufactured in FY1994 was tested in FY1995 where
60 kW output power was obtained at a beam voltage of
25 kV. The beam voltage was supplied by the newly
developed SBK-modulator using a semiconductor
switching device.
Three tubes were ordered in FY1995 and two
were tested. These tubes were installed at the klystron
gallery in order to evaluate the SLED operation, which
has been satisfactory.
We plan to manufacture 6 tubes or more for the
KEKB project. Up to now, we have achieved an output
power of 60 kW, while the efficiency is around 30%. It
is neccesary to check the magnetic field near the
electron gun in order to increase the efficiency.
Table 5 Speculations of SBK.
Item
Peak pulse voltage
Peak pulse current
Microperv
Pulse width (rf)
Pulse width (beam)
Repetition
Peak RF power
Average RF power
Efficiency
Gain
Input power
Total length
Electric gun
Focusing
Cooling
Vacuum pump
Number of cavities
Output Waveguide
Output Flange

Water Outlet
Collector

PF Input

Water Inlet

Electromagnet
Output Window
Ion Pump

Electron Gun

4.

Unit
kV
A
mAA/3/2
msec
msec
pps
kW
W
%
dB
mW
mm

Specification
25.0
7.91
2.0
4.0
>6.0
50
>60
12
>30
57
120
690
Bl Cathode
Electromagnet
Water cooling
1 l/s ion pump
6
39D Coax. Waveguide
BFX-39D standard

SLED-SYSTEM OPERATION

Evacuation Port
4.1 RF Conditioning

I—J5-,—I
•Socket

Conditioning procedure and history
Since the maximum RF power fed into an

Fig. 23 Cross-section of the 60 kW sub-booster klystron.
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accelerator guide was about 8 MW before the upgrade,
multiplied microwaves greater than 70 MW, which are
required for KEKB operation, cannot be fed in the short
term. It is necessary to increase the RF power gradually
so that a drastic outgassing from the surface of the RF
components will not cause a discharge. If the vacuum
pressure in the waveguides or the accelerator guides
exceeds the alarm level during conditioning, a control
system will immediately cut off the RF pulses so as to
prevent any serious damage due to discharging.
When the SLED system is being set up, the first
conditioning of the high-power RF system is carried
out according to the following steps:
1) The SLED cavities are detuned and RF pulses are
fed into the accelerator guide while gradually
increasing its power from 0 to 30 or 40 MW.
2) The SLED is turned on. The operating klystron
output power is from 0 to 10 MW, mainly for
conditioning the SLED cavities. This normally
takes 4 or 5 days.
3) The klystron output power is from 10 to 40 MW or
more, mainly for conditioning the accelerator
guides. The length of this stage strongly depends
on the accelerator guide, but is more than two
weeks.
Although the above processes are presently
carried out by manually operating a local controller
while monitoring the vacuum, it will be automated this
summer. Figure 24 represents the conditioning history
of unit 4-7 as an example. In this case, the processes
were completed within a relatively short time.

observed with a long delay time (0 ~ 1 u.s) since the
group velocity of the microwaves in the accelerator
guide is very slow and the filling time of the guide is
about 0.5 u.s in our case. That is, the delay time can
determine the discharge position in the accelerator
guide.
Here, we focus on the multiplied part (width w =
0.6-1 u,s) of a SLED RF pulse, and assume the
following for the analysis: an RF pulse traveling in an
accelerator guide causes a discharge at some position in
the guide because of its high field strength. A part of
the traveling RF pulse, filling the accelerator guide
from the upper stream to the discharge position, is then
reflected backward, and the other downstream part of it
moves forward.
When a reflected RF pulse with a width of t2 is
observed (Fig. 25), the pulse appears with a delay time
of r,, which is equal to the traveling time of the RF
pulse to and from the discharge position (L). We can
then arrive at the following equations, which give the
discharge timing (T) of an RF pulse and the normalized
position (L) in an accelerator guide:
and

T = w - t2

L = L 1 -exp /(I,..- T
\ 27f

where Tf is the filling time of the accelerator guide and
g is defined as 1 - exp2x (x is the attenuation parameter
for a constant-gradient structure). The positions L = 0,
1 correspond to the input and the output couplers,
respectively.
Forward-directed RF pulse

•,

5

10
Time (Day)

- g)

Reflected RF pulse
RF waves reflected
by the input coupler

Discharge
Timing

15
Field distribution in the accelerator guide
input
coupler

Fig. 24 Conditioning history of unit 4-7. The plotted
symbols of IPK-B and IPL represent the pressures
in the waveguide and the accelerator guide,
respectively.

Discharge
Position

output
coupler

to Waveguide

RF pulse reflection caused bv discharge
The RF pulse reflected in the accelerator guide is

to Dummy Load
This part will be
reflected.

This part goes out.

Fig. 25 Schematic diagram of rf pulse reflection.
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Table 6 Energy gains and multiplication factors in several
acceleration units with SLEDs in operation.
Klys. No.

-02

4-1
4-2
4-3
4-4
4-5
4-6
4-7

0.2
0.4
0.6
Discharge Timing (us)

Fig. 26 Discharge-timing distribution of RF pulses for
accelerator guide 4-7.

•41.2

0.2

0.4

Klys. power
[MW]

Energy gain
[MeV / unit]

32
30
43
32
38
48
35

Energy mltp'n
factor
1.92
2.12
1.78
1.87
1.90
1.85
2.06

152.5
164.5
164.0
148.5
165.0
179.0
170.0

for a SLED cavity charging time of 3 [is. (The
distribution depends on the tuning condition of each
SLED system.) It shows that the energy gains are
around a specified value of 160 MeV; the average is
163 MeV/unit (21.6 MeV/m). The multiplication
factor is 1.93 on average, which is very close to the
computed value of 1.96.
The shape of the RF pulse emitted by the SLED
does not have any flat section; the pulse width must be
compressed as much as possible in order to obtain a
high multiplication factor. The RF timing regarding the
beam pulse is thus important. We experimentally and
theoretically examined the decrease in the energy gain
caused by the timing shift, as shown in Fig. 28. We
fitted a quadratic curve onto the experimental results,
and according to the obtained function, accomplishing
a beam-energy jitter of less than 0.1 % would require
timing jitters of less than 7 ns. A new trigger system
having RF-synchronized timing circuits will be adopted
so that the timing jitters will be much smaller.

0.8

Discharge Position

Fig. 27 Discharge-position distribution of RF pulses for
accelerator guide 4-7. The negative positions were
caused by errors in reading t, or 12.

In reality, the shapes of the reflected pulses were
not as ideal as that assumed above, and it was not easy
to determine T and L. However, the analysis was
performed according to the equations. Figures 26 and
27 are examples of the T and L distributions of the
discharges which occurred in accelerator guide 4-7.
Figure 26 illustrates how the growth of a discharge
takes time. Figure 27 shows that discharges around the
input or output couplers are remarkable. This result is
consistent with the fact that a reflection from both
couplers has been clearly observed. It should be noted
that the events around the input coupler may contain
discharges in the waveguide.
4.2 Acceleration Test

1.55

1.6

1.65

1.7

1.75

RF Pulse Timing (|is)

Beam-acceleration tests were perfomed in order to
obtain the energy gain of the acceleration units and the
energy multiplication factors of the installed SLED.
Table 6 shows the distribution of the obtained values

Fig. 28 Decrease in energy gain as a function of RF pulse
timing. The SLED cavity charging time was 3.3
us. The width of the multiplied pulse was 0.7 us.
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4.3 RF Measurement System

Bethe-hole coupler
When the first prototype SLED was installed,
conventional Bethe-hole directional couplers (coupling
ratio: 70 dB, Fig. 30 (a)) were mounted on the
waveguide in order to monitor the RF pulses from the
SLED. However, a ceramic disk inside which separated
the vacuum from the air was damaged during SLED
operation. From the electric-field calculations, the
conventional type of couplers, except for the 80-dB
type, may be damaged under SLED operation with a
50-MW klystron.
There are two solutions to this problem:
1) Make the disk-hole distance longer in order to
reduce the field strength in the disk.
2) Adopt vacuum coaxial feedthroughs for microwave
use, and design a new simple coupler without a
ceramic disk.
The first method was tried in several of the present
couplers which cannot be replaced by new ones.
The second one was chosen for manufacturing the
Bethe-hole couplers for new waveguides. Prototype
couplers with a vacuum feedthrough were produced
(Fig. 30 (b)), and their performance was examined with
a resonant ring. 70-dB couplers passed a 400-MW test

RF Monitor station
For a good understanding of the condition of the
linac, it is very important to quickly detect any
symptom regarding RF system problems, such as a
defect in the RF-waveform or a rise in vacuum pressure
in the waveguides. A signal-analyzing system will be
newly installed which will continuously feed
monitoring signals from the modulator and SLED into
its computer. This system will also automatically
execute RF conditioning of the high-power RF units,
including the accelerator guides.
A prototype system based on a VXI system has
been undergoing development since the spring, 1995
(Fig. 29). It comprises a controller, a waveform
digitizer, an ADC and a digital I/O. Also, along with
the RF measurement equipment (a peak power meter, a
phase detector, etc.), an RF monitor station for
observing two high-power RF units has been developed.
All of the monitoring stations will be networked, and a
few servers will manage the VXI controllers and
databases. Measured and analyzed data or waveforms
can be monitored on a remote X terminal anywhere.
The waveform of a SLED RF pulse is displayed and is
renewed more than 30 times per second.
In the practical operation of all monitor stations,
it can be expected that the poor reliability of the hard
disks of each VXI system may spoil the performance
of the total system. A complex system comprising a
server and a couple of diskless VXI systems will
undergo test operation in 1996.

RF Feedthrough

— Ethernet
VXI-Bus System
Wave Form
ADC
_ Controller
Digitizer

Waveguide

(a) Previous type

DIO
RF Feedthrough

Selector

Ceramic
Sed

DC Monitor

DC Monitor
Pulse
Monitor

RFUntti

Pulse
Monitor

Peak Power
Meter

Phase
Detector

±

High Power
RF Unit 2

RF Selector
RF
Monitor

Waveguide

SLED Detuner
Controller

(b) New vacuum type
Fig. 30 Cross-section of the Bethe-hole coupler with
vacuum coaxial feedthroughs.

Fig. 29 Block diagram of the prototype RF monitor station.
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for a few days. Fourteen directional couplers of this
type were mounted early in the spring of 1996.
5.

DESIGN OF INPUT AND OUTPUT
COUPLERS FOR ACCELERATOR
GUIDES

It is necessary that no asymmetries exist in the
amplitude or phase of the electromagnetic fields in the
accelerator guides input and output couplers. Although
the design of the present couplers satisfies this
requirement, there is a deficiency concerning its RF
breakdown strength. New input and output couplers
for 2m-long S-band linear accelerator guides for the
KEKB linac upgrade have been designed and tested
(Figs. 31and 32). The dimensions of the coupler
cavities were estimated by a variation of the Kyhl
method using the MAFIA code, and determined by
low-power tests using the Kyhl method. It was shown

that the coupler dimensions can be predicted with a
precision of less than 0.5 mm. The asymmetry of the
electromagnetic field (amplitude and phase) in the
coupler cavities was corrected by making a crescentshaped cut on the opposite side of the iris.
The effect of this correction is shown in Fig. 33.
The VSWR and the standard deviation of the phase
distribution for the accelerator guides with the new
couplers measured by a nodal-shift technique were 1.06
and 1.1 degrees, respectively.
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Fig. 33 Effect of a crescent-shaped cut on
electromagnetic-field asymmetry. The field
distribution (amplitude and phase) was measured
by a bead-pull method based on non-resonant
perturbation theory.

crescent-shaped
cut

Fig. 31 Cross-sectional view of the coupler cavity.

6.

HIGH-CURRENT ACCELERATION TEST
OF SINGLE-BUNCH ELECTRON BEAMS

The KEKB injector linac requires that a singlebunch electron beam containing a 10 nC charge be
stably accelerated up to a positron production target to
produce a sufficient number of positrons. Precise
alignment of the accelerator is one of the key issues
concerning the prevention of wake-field instability. We
realigned the linac along a standard line from the preinjector to the end of the 3rd sector within an accuacy
of ± 0.1 mm. After the realignment, an attempt was
made to accelerate a high-current single-bunch beam to
the target, which is scheduled to be installed at the top
of the second sector. The observed transmission rates
were higher than 80% before the target position. This
is consistent with the design of the bunching system of
the linac.
The bunch shapes were measured at a point of

Fig. 32 Photograph of the coupler cavity.
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Fig. 34 Charge dependence of the bunch length. Closed
circles are values measured utilizing a streak
camera. Open circles are predictions simulated
using PARMELA.

about 45 MeV utilizing a streak camera, the time
resolution of which was 2 ps. It was observed that the
shapes of the bunches became wider as the beam
charge increased. The charge dependence is consistent
with predictions calculated using the PARMELA
numerical code (Fig. 34). The typical bunch length
(FWHM) was 13 ps for the 11-nCbeam, which is
nearly equal to the design value, and meets the
specifications at present. This result indicates, however,
that an adequate modification may be necessary in the
bunching system when a single-bunch beam containing
more than 10 nC is required.

positron beam

Fig. 35 Schematic view of the slow-positron beam switch
system.

of Helmholz coils with magnetic-field directions
crossing each other (see Fig. 35), was tested. A slowpositron beam with a beam energy of 800 eV was
successfully switched from one direction to another,
enabling us to direct slow-positron beams to several
experimental stations at a time without breaking the
vacuum.
Energy-distribution measurements of the
positronium (Ps) emitted from a single-crystal sample
of insulators are in progress. Ps is known to form in the
interior of many insulators with a wide band-gap
energy. The energy loss and slowing-down process of
positrons in matter is becoming better understood. For
positrons with energies less than the band gap, the
production of Ps and phonon excitation become the
dominant energy-loss mechanism. To date, very little
has been studied about the kinetics of the formation and
diffusion of Ps, which is the state immediately after
production and before delocalization.
We will obtain the energy distribution of Ps by
adopting the time-of-flight (TOF) method for emitted
Ps. The TOF will be determined by measuring the time
interval between the arrival time of a pulsed positron
and the detection of radiated yrays from annihilated Ps.
Since the lifetime of Ps is well known, we can easily
deduce the energy distribution of Ps from the TOF
spectra, which are measured by changing the distance

D. SLOW-POSITRON SOURCE
A slow-positron flux of 1 x 108 e7s was
successfully achieved with a 2.0-GeV, 2-kW primary
electron beam. This was owing to an improvement in
the positron yield by annealing of the moderator
assembly (tungsten foils) at 2270 K for 10 minutes
under ultra-high-vacuum conditions. The achieved
conversion efficiency has almost reached our design
goal; we can therefore expect a slow-positron flux in
the order of 10' e*/s with a maximum primary beam
power of 30 kW in the near future.
The energy of the positron beam was successfully
varied from 400 eV to 40 keV by applying a voltage to
a high-voltage station at the initial part of the slowpositron beam-transport line. This enables us to
measure the depth-profile, which is very useful for
locating any defects in the materials.
A slow-positron beam switch system, which
comprises a pair of beam deflecting coils and two pairs
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: shield
vacuum pump

TOF
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Helmholtz coil

Fig. 36 Schematic drawing of the Ps detector for the Ps
TOF experiments.

between the sample surface and the annihilation y-ray
detector, only if the pulse width of the injected positron
beam is much shorter than the lifetime of the Ps.
Figure 36 is a schematic drawing of the Ps detector for
the Ps TOF experiments which will be attached down
stream of the slow-positron beamline (B-l-E).
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Comparative study of surface chemical bonding structures between As-rich
and Se-terminated GaAs surfaces
Yoshio Watanabc, Fumihiko MaedaT. Kiyokura and Masaharu Oshima*
NTT Interdisciplinary Research Laboratories, Musashino-shi, Tokyo 180, Japan
* Present address: The university of Tokyo
INTRODUCTION
In recent years, it has been found that the surface of
GaAs can be passivated by various treatments involving
the group VI elements S and Se. However, the mechanism
of this passivation is not understood In this study, we
employed synchrotron radiation photoclectron spectroscopy
(SRPES) to elucidate the difference in surface chemical
bonding structures between As-rich and Sc-terminated
GaAs(OOl) surfaces1.
EXPERIMENTAL
Molecular beam epitaxial growth, Sc-treatment, and in
situ SRPES were performed in a growth chamber and an
analysis chamber connected to each other through an ultrahigh vacuum at beamlinc BL-1A. We used a photon
energy of 100 eV to obtain surface-sensitive information
(6-7 A depth) about the As 3d and Ga 3d core levels. The
total energy resolution for SRPES was determined to be
0.16 eV from the observed broadening of the Au Fermi
edge at room temperature. The sample preparation is
described in detail elsewhere1. Two kinds of GaAs surfaces
were prepared One was an As-rich GaAs surface (type-I
sample), and the other was a Se-terminated GaAs surface
(type-II sample).
RESULTS AND DISCUSSION
We obtained deconvoluted results for the As 3d and Ga
3d core-level SRPES spectra for typc-I and typc-II samples
as shown in Fig. 1. Fitting was performed by using Voigt
functions with a Shirley background The peak energy
separation Aso between the spin-orbit components 3d5/2
and3d3/2, and the branching ratio BR between them were
Aa-rlob O»A«
(typo-I)

A
fc*

kept constant at 0.69 eV and 1.5 for As 3d, and 0.45 cV
and 1.5 for Ga 3d, respectively. For the As-rich GaAs
surface, the As 3d spectrum has three doublets: a bulk
component B, a surface component S, (-0.63 eV), and an
elementary As component S 2 (+0.69 eV). The Ga 3d
spectrum also has three doublets: a bulk component B, a
surface component S 3 (-0.53 eV), and S4 (+0.56 eV),
relating to the bulk contribution due to surface
reconstructed Ga atoms. For the Sc-tcrminated GaAs
surface, the Ga 3d spectrum has two doublets Ga 3d As)
and Ga 3d$c), and the BE separation is 0.3 eV between
them. The BE of Ga 3d[As) for the Se-terminated surface
shifts by about 0.45 eV compared with that for the As-rich
surface. This difference coincides with the value of valence
band bending relaxation due to the Se treatment. In the As
3d spectrum for the Se-terminated surface, distinct spinorbit components, comprising only the Ga-As bonding
bulk component, are observed This result means that
there exists almost no surface state in the As 3d spectrum,
which is consistent with the above-mentioned result that
the Se-terminated surface is formed by Ga-Se bondings.
Furthermore, we used the peak-to-valley ratio y=p/(p+q) as
a measure to evaluate whether only a single component
comprising Ga-As bonding states in the As 3d spectrum
exists. We estimated y to be about 26.8%, which indicates
that only one component is presented As far as we know,
no comparable result has ever been reported.
'Y. Watanabeet al., J. Electron Spectrosc. Rclat. Phcnotn.
(in press).
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Fig. 1 As 3d and Ga 3d spectra for the type-I sample (a) and type-11 sample (b).
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InAs epitaxial nanocrystal formation on Se-terminated GaAs(OOl) studied
with synchrotron radiation photoelectron spectroscopy
Yoshio Watanabc. Fumihiko MacdaT. Kiyokura and Masaharu Oshima*
NTT Interdisciplinary Research Laboratories, Musashino-shi, Tokyo 180, Jqxui
* Present address: The university of Tokyo
INTRODUCTION
Semiconductor nanocrystals grown on semiconducting
substrates are expected to exhibit quasi-zcro-dimcnsional
quantum effects, and arc attractive materials for advanced
optoelectronic devices. In this study, we employed
synchrotron radiation photoclcctron spectroscopy (SRPES)
to clarify the evolution of surface chemical bonding during
InAs nanocrystal formation on a Sc-tcrminated GaAs
surface by molecular beam epitaxy.
EXPERIMENTAL
Molecular beam epitaxial growth, Se-treatment, and in
situ SRPES were performed in a growth chamber and an
analysis chamber connected to each other through an ultrahigh vacuum at beamline BL-1A. We used a photon
energy of 100 eV to obtain surface-sensitive information
(6-7 A depth) about the As 3d, Ga 3d, and In Adcorc levels.
The total energy resolution for SRPES was determined to
be 0.16 cV from the observed broadening of the Au Fermi
edge at room temperature. The sample preparation is
described in detail elsewhere1. Two kinds of GaAs surfaces
were prepared. One was an As-rich GaAs surface (type-I
sample), and the other was a Se-terminatcd GaAs surface
(type-II sample).
RESULTS AND DISCUSSION
Figure 1 shows typical core-level SRPES spectra for
nominally 110-monolayer (ML)-thick InAs grown on the
Se-terminated GaAs sample. Fitting was performed by
using Voigt functions with a Shirley background The
peak energy separation A so between the spin-orbit
components 3d5/2 and 3d3/2, and the branching ratio BR
between them were kept constant at 0.69 eV and 1.5 for
As 3d, and 0.45 eV and 1.5 for Ga 3d respectively. The
A so between the spin-orbit components 4d<y2 and 4d3/2
and BR were kept constant at 0.85 eV and 1.5 for Ihe In 4d
spectrum. The In 4d spectrum consists of two doublets. A
lower binding energy (BE) component In 4d(As) originates
from bulk In-As bonding states, and a higher BE
component In 4ci.Sc) is associated with In-Se bonding
states. Comparing the Ga3d spectra before and after InAs
deposition, we notice that the peak intensity ratio of Ga
_?fj(As) to Ga 3d[Sc) does not change. Furthermore, the BE
difference between the bulk component of Ga 3d for the
typc-I sample and the Ga 3((,As) for the lype-11 sample
also remained after InAs deposition. These results suggest
that the Se-terminated surface is not disrupted upon InAs
deposition.
Figure 2 shows the relationships between the InAs
deposition time and the peak area ratio of the In Ad
spectrum to that of Ga 3d for both samples. The InAs
deposition rate is nominally 1 ML per 5 seconds. The
solid line shows what is expected for layer-by-laycr growth.

where values of 7 A for the photoelcctron mean free path
and ain/OGa=Q-92 for the ratio of respective atomic
sensitivity factors were assumed. From the deviation of
the experimental data points for the type-I sample from the
calculated curve, we estimate a critical thickness of 3 ML
at which three-dimensional growth starts, indicating that
InAs grows on the As-rich GaAs surface in the StranskiKrastanov growth mode. On the other hand, threedimensional nanocrystal formation takes place on the Scterminated GaAs surface within a nominal thickness of
less than 1 ML, implying that, in InAs heteroepitaxial
growth on the Se-terminated surface, self-organization of
InAs is enhanced compared with the case of As-rich
surfaces.
'Y. Watanabc ct al., J. Electron Spectrosc. Rclat. Phcnom.
(in press).
110-ML InAs on Se-terminatQd GaAs

BlBdJi.1 B ™ , , | . V J

Fig. 1 G-d 3d and In 4d spectra for nominally I10-ML
thick InAs grown on the Se-terminated GaAs sample.
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Fig. 2 Relationships between the InAs deposition
time and the peak area ratio of the In 4d spcctaim to
that of Ga 3d for both samples.
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Soft X-ray Emission and X-ray Absorption Spectroscopies in Silicon K-Shell Threshold for
Electronic Structure Analysis of Organic Silicon Compounds (1): Cubic Silicon Cluster
Y. Muramatsu1, M. Sugiyama', S. Maeyama1, K. Furukawa2, K. Ebata2, M. Fujino2, N. Matsumoto2, S. Kawai3,
and M. Motoyama3
NTT Interdisciplinary Research Laboratories', NTT Basic Research Laboratories2,
and Hyogo Prefectural Institute of Industrial Research3
INTRODUCTION: X-ray emission and x-ray absorption
spectroscopies can provide significant information about
the electronic structure of occupied and unoccupied
orbitals in materials. In particular, we can selectively
obtain information about a specified element and its partial
density of states, by using the selection rules of an
electron transition in fluorescent x-ray emissions.
Furthermore, this method is available not only for
conductive materials but also for insulators, because the
fluorescent x-ray emission process is unaffected by static
electrical charges on the target materials. To demonstrate
the advantages of this method for electronic structure
analysis, organic silicon compounds are one of the most
suitable materials because the important information about
the silicon backbones should be separated from that for
the other component elements such as carbon involved in
substituents. For the first trial, we focused on a cubic
silicon cluster, which is regarded as the minimum quantum
silicon cluster, and measured the Si K /? fluorescent x-ray
emission and x-ray absorption spectra in the silicon Kshell threshold to analyze its electronic structure.
EXPERIMENTAL: Molecular structures of a cubic silicon
cluster of
octa-te/f-butylpentacyclo[4.2.0.02J.03*.047]
octa-silane (shortened as "octasilacubane") and its
related
compounds
of
1,2,3,4,5,6,7,8-octa-tertbutyltetracyclo
[4.2.0.02*.u3Ji]octasilane

the highest energy peak in the emission spectra and the
lowest shoulder in the absorption spectra were 2.3, 3.5,
and 4.4 eV for octasilacubane, octasilasecocubane, and
cyclotetrasilane, respectively. This shows that Si3p o
electrons in octasilacubane are more highly conjugated
than those in the other clusters. In conclusion, x-ray
emission and x-ray absorption spectroscopies in the
silicon K-shell threshold can sufficiently reveal the
electronic structure of cubic silicon clusters.
Bu'

Ti
Bu'

V

octasilacubane
Bu':-C(CH3)3

octasila
secocubane
Bu':-C(CH3) 3

cyclotetrasilane
Pr':-CH(CH3)2

Figure 1 Molecular structures of silicon clusters.

("octasilasecocubane")
and
octa-/so
propylcyclotetrasilane ("cyclotetrasilane") are shown in
Fig. 1. Fluorescence-yield x-ray absorption spectra in ' c
the silicon K-shell threshold were measured at BL-1 A. The X)
incident beam was monochromatizedby lnSb(111) double CO
crystals and SiK x-rays were detected by a solid state
detector. SiK ft x-ray emission spectra were measured
with a conventional double-crystal x-ray spectrometer <D
composed of a rhodium x-ray tube, dispersive crystals of
ammonium dihydrogen phosphate (ADP, 2d=10.648A),
CO
and a gas-flow proportional counter.
RESULTS AND DISCUSSION: Figure 2 shows SiK ft x-ray X
emission and absorption spectra of octasilacubane and
the related compounds including silicon metal as a
reference. The x-ray emission and absorption spectral
features reflect the electronic structure of occupied Si3p
4.4 eV
orbitals
and
unoccupied
anti-bonding
orbitals,
cyclotetrasilane
respectively. A distinct three-peaked structure was
observed both in the emission and absorption spectra of
1825 1830 1835 1840 1845 1850 1855
octasilacubane. This discrete three orbital structure,
Photon energy / eV
which might be due to the degeneracy of the orbitals in the
Figure
2
SiK
ft
x-ray
emission spectra (dotted line) and
symmetrical structure
of the cubic
backbone,
fluorescence-yield
x-ray
absorption spectra (solid line).
characterizes octasilacubane. The energy gaps between
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Soft X-ray Emission and X-ray Absorption Spectroscopies in Silicon K-Shell Threshold for
Electronic Structure Analysis of Organic Silicon Compounds (2): Silicon Polymers
Y. Muramatsu1, M. Sugiyama', S. Maeyama', M. Fujino2, N. Matsumoto2, S. Kawai3,
and M. Motoyama3
NTT Interdisciplinary Research Laboratories1, NTT Basic Research Laboratories2,
andHyogo Prefectural Institute of Industrial Research3
INTRODUCTION:
X-ray emission and x-ray absorption
spectroscopies can provide significant information about
the electronic structure of occupied and unoccupied
orbitals in materials. Information about a specified element
and its partial density of states can be selectively
obtained by using the selection rules of an electron
transition in fluorescent x-ray emissions. This method can
be used not only for conductive materials but also for
insulators because fluorescent x-ray emission process is
unaffected by static electrical charges in the target
material. Organic silicon compounds are well suited for
demonstrating the advantages of this method for
electronic structure analysis, because the important
information about the silicon backbone should be
separated from that for the other component elements
such as carbon involved in substituents. We thus focused
on organic silicon polymers, which are expected to be
functional materials, and measured the SiK ft fluorescent
x-ray emissions and the x-ray absorption spectra in the
silicon K-shell threshold to determine the chemical effect
of substituents on the electronic structure of silicon
backbones.
EXPERIMENTAL: Figure 1 shows the molecular structures
of silicon polymers with n-alkyl ( C ^ ^ , , n=1 - 6 ) and
phenyl substituents. The fluorescence-yield x-ray
absorption spectra in the silicon K-shell threshold were
measured at BL-1A.
The incident beam was
monochromatized by lnSb(111) double crystals and the
SiK x-rays were detected with a solid state detector. The
SiK ft x-ray emission spectra were measured with a
conventional double-crystal x-ray spectrometer composed
of a rhodium x-ray tube, dispersive crystals of ammonium
dihydrogen phosphate (ADP, 2d=10.648A), and a gasflow proportional counter.
RESULTS AND DISCUSSION:

moved slightly to a higher energy and the shoulder
became higher as the length of the n-alkyl substituents
became shorter. The shoulder grew to a peak for PMePhSi.
This confirms that a substituent effect on silicon
backbones is clearly observable in both x-ray emission
and absorption spectra in the silicon K-shell threshold.
Theoretical analysis using molecular orbital calculations is
now needed prior to further discussion.

I

I.

(CH 2 ) 5 CH 3

(CH 2 )3CH 3

PDHexSi

PDBuSi
CHo

PMePrSi
CH-j

I
CH 3
PDMeSi
PMePhSi
Figure 1 Molecular structures of organic silicon polymers.
FWHM
= 3.8eV

4

3.
0)

Figure 2 shows the SiK /•} x-

ray emission and absorption spectra of the organic silicon
polymers including silicon metal as a references. The x-ray
emission and absorption spectral features reflect the
electronic structure of the occupied Si3p orbitals and the
unoccupied anti-bonding orbitals, respectively. In the xray emission spectra, the shorter the n-alkyl substituent,
the wider the FWHM of the emission peak due to an
increasing in the higher-energy components. The widest
FWHM of 4.5 eV was observed for PMePhSi. The peak
energy for PDMeSi and PMePhSi was about 1 eV less than
that for the other compounds. Three components, a
shoulder and two peaks indicated by a, b, and c in the
figure, were observed in the absorption spectra. The
energy positions of both the shoulder and the peaks

1825

1830

1835 1840 1845 1850 1855
Photon energy / eV
Figure 2 SiK ft x-ray emission spectra (dotted line) and
fluorescence-yield x-ray absorption spectra (solid line).
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Sis PHOTOELECTRON MEASUREMENTS ON (NrL)^ -TREATED InP(lOO) SURFACES
Satoshi MAEYAMA, Munehiro SUGIYAMA, and Masaharu OSHIMA'
NTT Interdisciplinary Research Laboratories, Musashino-shi, Tokyo 180, Japan
'Present address: The University of Tokyo, Bunkyo-ku, Tokyo 113, Japan
Introduction
Sulfur treatment with an (NH 4 ) 2 S X
solution is regarded as an efficient surface
p a s s i v a t i o n t e c h n i q u e for I n P 1 ' . To
understand sulfur - passivated surfaces, sulfur
chemical bonding states on (NH 4 ) 2 S X treated InP surfaces have been 2 analyzed
by
S2p photoelectron measurements 3l . However
the S2p photoelectron spectra are not easy to
be deconvoluted because the S2p peak is split
into doublet peaks. In this study, we measured
Sis photoelectron spectra for the (NH4)2S
x - treated InP by using synchrotron radiation
soft x - r a y s , which have no spin - orbit
splitting, to investigate the change in the
sulfur chemical bonding states caused by
rinsing with water and annealing in vacuum
after (NH4)2SX - treatment.
Experimental
After n - InP(lu()) waters were dipped into
an (NH4)2SX solution at room temperature
for 30 min, one sample was rinsed in static
deionized water before being loaded into a
UHV chamber. Another sample was not rinsed
after the (NH 4 ) 2 S X - treatment. The Sis
photoelectron measurements were done before
and after annealing the two samples at 400°C
for 10 min in vacuum at the NTT beamline (BL1A) of the Photon Factory. Synchrotron
radiation soft x-rays with an energy of 2.7
keV, monochromatized by a pair of InSb(lll)
crystals, were used to excite Sis core-level.
Results
Figure 1 shows yis photoelectron spectra
for t h e ( N H , ) i S x - t r e a t e d InP(lOO)
samples with and without the water rinse and
before and after annealing. In contrast to
the single sulfur bonding state on the
annealed InP surface, several bonding states
were observed on the as - treated and water rinsed InP surfaces. The broad peak at the
binding energy of 2478 eV for the as - treated
surface can be deduced to be due to S-0 bonds.
The main peaks located at the the lower
binding energy than the S - 0 peak for the as treated and w a t e r - r i n s e d surfaces were
deconvoluted by assuming three sulfur2 bonding
states based on the SRTES results ' of the
(NH 4 ) 2 S X -treated I n P : S - P - I n and S-S
bonds in addition to the S-ln bond. The water
rinse after (NH4)2SX - treatment was found
to be effective for removing the S-0 and S-S
bonds from the as-treated InP surface, but the
S - P - I n and S-S bonds were still detected
after rinsing. Judging from the results of the
Sis photoelectron measurements, annealing the
(NH 4 ) 2 S X - t r e a t e d InP c o m p l e t e s the
surface termination by the S-ln bonds.
References
1) R. Iyer et al., AppTPHysXett., 53(1988)134.
2) F. Maeda et al., Appl.Phys.Lett., 62(1993)297.
3) D. Gallet et al., Appl.Phys.Lett., 62(1993)982.
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Introduction
The optics of beamline-1A (BL-1 A) at the
Photon Factory consist of a grating/crystal
monochrqmator (GCM) 2)and a set of off-axis
paraboloidal mirrors' , which are located
upstream and downstream of the GCM for
collimating and focusing beams. To remove
absorption structures at the Pt M-edges from
the transmission function in the soft x-ray
region, we replaced the Pt-coated collimating
mirror (CM) and focusing mirror (FM) with Nicoated m i r r o s . This r e p o r t gives the
transmission functions of the BL - 1A before and
after exchanging the Pt - coated mirrors with
the Ni - coated mirrors.
Experimental
A pair of InSb(lll) crystals was used for
the diffracting elements of the GCM for
monochromatizing soft x-rays. To obtaine the
transmission functions, we monitored Ga La
and As hq fluorescence yields from a GaAs
wafer with a solid state detector as a
function of the incident photon energy in the
range of 2000-4000 eV. The collimating and
focusing mirrors were set to 1° glancing
angle before and after replacing the mirrors.
Results
Figure 1 compares the transmission function
measured by fluorescence yield for three
combinations: Pt-coated CM and FM, Pt-coated
CM and Cr-coated FM, and Ni-coated CM and FM
The Cr-coated FM was used instead of the Ptcoated FM for a preliminary test last year3'
Calculated reflectivities for these mirrors
are also shown in the insets of Fig.l. 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
kept up to the In L3-edge (3730 eV). In
Fig.l(b) the absorption due to the Pt M-edges
is reduced by using the Cr-coated FM and no
yield is obtained at the energies above 3200
eV because of the cutoff energy of the Crcoated mirror with 1° glancing angle. A
transmission function without the absorption
structure and with the highest output in the
range of 2000-3400 eV was achieved by using
the Ni-coated mirrors, since Ni has no
absorption edge in this range and has a
higher cutoff energy than Cr. The three
transmission functions are consistent with
the calculated refelctivities of the mirrors.
References
1) W.R. Hunter etTal., Nucl.Instr. and Meth.
195(1982)141. 2) T. Kawamura et al., Rev.Sci
Instrum. 60(1989)1928. 3) S. Maeyama et al.,
Photon Factory Activity Report 1994.
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Fig.l Transmission functions of the BL-lA
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Introduction
The behavior of group V elements on Ill-V compound
semiconductor surfaces is technologically important
and also quite interesting in surface science. Although
there have been many chemical and structural studies
of various reconstructed GaAs(001) surfaces, there
have been few investigations of other group V element
atoms on GaAs(001) surface. Maeda etal. 1 reported
the surface reconstruction and the chemical bonding
change on Sb/GaAs(001) surface prepared by
depositing Sb on As-terminated GaAs(001) at room
temperature and annealing it up to the Sb desorption
temperature. They found that atomic arrangement of
this Sb-terminated GaAs(001)-(2x4) surface is similar
to the As-terminated GaAs(001) surface except that
the dimer consists of Sb atoms instead of As atoms. In
this study, Sb 3d core-level photoelectron collection
mode of back reflection XSW analysis using (111) and
(1-11) reflections were performed to investigate the
Sb-Sb dimer structure of the 2x4 reconstructed Sbterminated GaAs(001) surface.
Experimental
The 2x4 reconstructed Sb/GaAs(001) sample was
prepared as presented by Maeda et al. 1 Several
monolayers of Sb atoms were deposited on the Asstabilized GaAs(00i)-(2x4) surface at room
temperature from an effusion cell.
The substrate
temperature was increased to 500 °C and a well
defined 2x4 reconstructed Sb/GaAs(001) surface was
obtained. Then the sample was transferred from the
MBE chamber to the analysis chamber through ultra
high vacuum. The XSW experiments were carried out
at the NTT beamline 1A. In order to determine the
three-dimensional arrangement of the Sb atoms, the
back reflection XSW experiments were performed by
scanning a pair of lnSb(H1) crystals through the
GaAs (1-11) and (111) normal incidence Bragg
reflection condition, which occurs at around 1.9 keV.
For the GaAs(001) substrate, both the (1-11) and
(111) diffraction planes were inclined at about 54 ° to
the (001) surface. Ga2p, As2p, and Sb3d core-level
photoelectron spectra were measured as a function of
photon energy.
Results a.nd Discussion
Figure 1 and 2 show (1-11) and (111) XSW results for
the 2x4 reconstructed Sb/GaAs(001) surface,
respectively. Theoretical curves of Ga and As
convoluted by instrumental resolution function of 80%

Gaussian and 20% Lorentzian whose FWHM is 0.5 eV
show very good agreement with experimental data
points of Ga2p and As2p photoelectron yields,
respectively. The coherent position P and the coherent

fraction F were determined for Sb3d photoelectron
intensity profiles from least-square fits to the theoretical
profiles. The origin of this 2x periodicity is thought to
be symmetric Sb-Sb dimers lining up in the [1-10]
direction.
The Sb-Sb dimer bond length was
estimated to be 2.95±0.06 A. 2
1
2
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Experimental
A submonolayer-Si/GaAs(OOi) sample was prepared
as follows. After the GaAs was grown homoepitaxially,
the sample showed a (2x4) RHEED pattern. Si atoms
were deposited on the As-stabilized GaAs(001)-(2x4)
surface at 400 °C from an effusion cell without As flux.
The submonolayer-Si/GaAs(001) surface was
transferred from the MBE chamber to the x-ray
standing wave analysis chamber through an ultra-high
vacuum. The back reflection XSW experiments were
carried out at the NTT beamline 1A. The back
reflection XSW experiments of both GaAs (1-11) and
(111) reflections were performed by scanning photon
energy using a pair of lnSb(111) crystals across the
normal incidence Bragg reflection condition, which
occurs at around 1.9 keV. The intensity of the Si
fluorescent x-rays was measured with a highly pure Si
detector as a function of photon energy.
Results and Discussion
Figure 1 shows two types of back reflection XSW
results for submonolayer-Si/GaAs(001) surface. The
theoretical curves were convoluted by the instrumental
resolution function which was estimated in a previous
study.3 The coherent position P and the coherent
fraction F were determined for Si K fluorescent x-ray
intensity profiles from least-square fits to the
theoretical profiles. We concluded that Si atoms
occupy both of the Ga site and the As site. The
occupancy of the Ga and As sites can be estimated to
be about 75% and 25%, respectively. Figure 2 shows
the schematical Si adsorption site on the GaAs(001)(2x4) surface. The top As layer coverage of 75 % on
a GaAs(001)-(2x4) clean surface may be relevant to
the ratio of Si atoms in the Ga site of about 75 %. It
was reported that the chemical states of the Si atoms
depend on the surface reconstruction of the initial
GaAs surface and the orientation of the GaAs
substrate.4-^ Si adsorption site is mainly affected by

the top layer As coverage. This is consistent with the
fact that Si can be either an n-or p-type dopant
depending on the growth condition and substrate
orientation.1
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Introduction
Si atoms are the most common n-type dopant used for
the growth of GaAs by molecular beam epitaxy (MBE).
It has been reported that Si can be either n- or p-type
dopant depending on the growth conditions and
substrate orientation.1
On the other hand, it has
been reported that the Schottky barrier heights for a
metal-GaAs interface can be controlled by a thin Si
interlayer (about 1 -10 ML thick).2 Interaction between
a Si adsorbate and a GaAs surface plays an important
role in the Si doping in GaAs by MBE and in the initial
stages of Si epitaxial growth on GaAs. In our study,
back reflection XSW analysis using {111} reflections
was performed to investigate the atomic site of Si
atoms adsorbed on the GaAs(001) surface.
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Fig. 1. Back reflection XSW results for submonolayerSi/GaAs(001) surface.

Fig. 2. Schematic view showing the position of the Si
atoms. There are two different Si atomic sites, such
as the Ga site and the As site.
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Introduction

Experimental

Post-collision interaction (PCI) effects often occur in
Auger decays following near-threshold inner-shell
photoionization of atoms. The PCI effect is caused by a
sudden change of the Coulomb field that a faster Auger
electron feels on overtaking an initially ejected slower
photoelectron. The faster Auger electron gains energy in
the sudden change and, as its counter part, the slower
photoelectron loses energy by the same amount. As a
result, the energy distributions of the photo- and Auger
electrons obtain characteristic lineshapes; the shapes are
asymmetric and broadened, and their maximum is
shifted in energy.
Most of the previous studies on the PCI effects have
concerned a single step of the Auger decay. Recently,
Hayaishi et a/.1' 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 width 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 yield spectra of total ions, threshold
electrons and multiply charged ions near the Xe L2 edge.
The yield spectrum of total ions, taken without mass
analysis, corresponds to the absorption spectrum. The
spectrum exhibits the L2 edge of Xe. The yield spectra
of threshold electrons and multiply charged ions exhibit
the PCI shapes superimposed on the L2 ionization
continuum. 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) T. Hayaishi et ai, J. Phys. B 27, LI 15 (1994)

00

Z

w

z

5100 5110 5120 5130

5100 5110 5120 5130

5100 5110 5120 5130

PHOTON ENERGY (eV)

5100 5110 5120 5130

5100 5110 5120 5130

94-G030
DISPROPORTIONATION REACTION OF SO2 ON CLEAN AND O-COVERED Ni(100)
Akihito IMANISHI", Shigeru TERADA", Yoshinori KITAJIMA2', Toshihiko YOKOYAMA",
Toshiaki OHTA"
1) Department of Chemistry, School of Science, The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan
2) Photon Factory, National Laboratoryfor High Energy Physics, Oho, Tsukuba, Ibaraki305, Japan
Introduction
A disproportionation reaction of SO, on
metals have been studied by many groups because
of importance in environmental chemistry. Recently,
we have investigated the surface structures of SO2 on
N'i(lOO) at 160 K by means of SK-edge XAFS,and
found that the SO2 molecule is adsorbed with the
molecular plane parallel to the surface and the S
atom locates at the bridge site. In the present work,
we investigated the surface reaction of SO2 on
N'i(lOO) at the temperature above 160 K using S
K-edge NEXAFS and SlsXPS. The reaction of SO2
on c(2x2)O/Ni(100) was also investigated for comparison to that on clean N'i(lOO).

perature, the S:SO3 ratio is 2:1, which was estimated
from the Sis XPS results (not shown). This means
that the reaction 3SO2-*2S+2SO3 occurs. Above
250 K, SO3 begins to dissociate and only S atoms
remain at 500 K.
Figure 2 shows temperature dependent S Kedge NEXAFS spectra of SO2 on O/Ni(100), together with those of SO2/Ni( 100) at 160 K. At 160 K,
the SO3 and SO4 species were observed on the surface. Above 250 K, the SO4 species disappear, although the amount of SO3 increases. The dissociation of SO3 occurs above 400 K. At 900 K, the
remaining species is only S atoms. These results
indicate that the precovered O atoms stabilize the
SO3 and S0 4 species.

Experimental
A Ni(100) single crystal was cleaned by argon
ion bombardment (1 keV) and annealing (~1000 K).
The surface cleanliness and order were confirmed
by NEXAFS and LEED, respectively. Submonlayer
SO2 adsorption on the clean Ni(100) was carried out
by dosing -0.5 LSO 2 at~160±10 K. The sample was
successively heated to the desired temperature.
Multilayer SO2 adsorption on the c(2x2)O/Ni(100)
was carried out by dosing with an adequate amount
of SO2 gas, followed by the sample heating. In both
experiments, the sample temperature was kept at 100
K during the spectroscopic measurements.
247S>

Results and Discussion
Figure 1 shows temperature dependent S Kedge NEXAFS spectra of submonolayer SO2 on
clean Ni(100). The assignment was derived from
our previous experiment and SCF-MO calculation.
At 160 K, the polarization dependence indicates that
SO2 is adsorbed with the molecular plane parallel to
the surface. At 180 K, SO3 and atomic S begin to
appear and SO2 completely disappears at 250 K.
From the polarization dependence of the resonance
of SO3, it was found that the Q axis is almost perpendicular to the surface (see Fig. 3). At this tem-
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Fig. 1 (left). S K-edgeNEXAFS of SO2/Ni(100).
Fig. 2 (right). S K-edge NEXAFS of SO2/O/Ni(100).
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Fig. 3. SO3 on Ni(100) andO/Ni(100).
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Introduction
For the determination of surface structure, it is
quite important to take several substrate layers into
consideration. One of the typical issues is hollowsite adsorption on fee (111) metal surfaces. This
provdies two possibilities of fee and hep sites. In our
previous study on (v3xv3)R30°Cl /Ni( 111),15 most
Cl atoms were found to occupy the fee hollow site,
indicating that some small amount of Cl possibly
locates on the hep hollow site. More recently,
Kadodwala et al.2) have studied the coadsorbate
system of (V3xV3)R3O°Br,Cl /Ni(lll) and have
remarked that although the fee hollow site is more
favored, the rest halogen atoms locate on the hep site.
In the present study, we have investigated the surface
structure of (v3xv3)R30°S /Ni(l 11) by the soft Xray standing-wave (SW) method, in order to identify
whether the fee hollow site is preferred or whether
the coexisting phases are again observed.

vertical relaxation of the surface Ni layer. It is concluded that the first Ni layer relaxes outward by
0.12+0.05 A.
From the above results, Azof S with respect to
the (11-1) plane can be calculated: 1.88 A for fee
hollow and 1.20 A for hep hollow site. The calculated profiles (/=0.90) are shown in Fig. 1, in which
noticeable difference is clearly found between the
two sites. The experimental profile in Fig. 1 resembles that of the fee site, this implying that most S
atoms locate on the fee hollow site. The experimental Az value of 1.80±0.03 A is, however, slightly too
small compared to the expected value, and the f
value of 0.62±0.03 is also rather small. This indicates that there should exist small amounts of S
adsorbed on the hep hollow site. When the coexistence of hep-hollow adsorption is assumed, we can
conclude that 80±5% (20±5%) S occupies the fee
(hep) hollow site with the coherent fractions of
0.86±0.09. This finding is in essential accordance
with the previous studies. 13 Appearance of
energetically unstable adsorption on the hep hollow
site might originate from island formation which is
initiated from surface defects.

Experimental
The (v3xV3)R30°S/Ni(lll) phase was prepared by dosing clean Ni(l 11) with H2S at -200 K.
A clear V? LEED pattern was observed. The SW
experiments were carried out at BL-2A with the
fluorescence-yield mode by employing 111 (Bragg
angle 0B=88.5°) and 11-1 (0B= 88.4°) reflections.

References
1) Y. Takata et al., Surf. Sci. 265, 111 (1992) .
2) M. F. Kadodwala et al., Surf. Sci. 324, 122
(1995).
3) Y. Kitajima et al., Surf. Sci. 320, L89 (1994) .

Results and discussion
From the angular dependence of the Bragg
reflectivities, the energy width of the monochromatized X-rays and the mosaic spread were determined
to be 0.75 eV at -3000 eV and -0.25°,respectively.
The mosaic spread was consequently found to be
quite small and less important in the profile analysis.
The coherent distance Az of S with respect to
the (111) lattice plane was determined to be
1.58±0.03 A with the coherent fraction / o f 0.89
±0.03. The previous SEXAFS study3'on the present
system revealed that S atoms occupy the threefold
hollow site with the S-Ni distance of 2.13±0.02 A
and that the Ni-Ni distance in the SNi3 trigonal
pyramid is expanded in the lateral direction by 6%
compared to the ( l x l ) lattice spacing. These results
imply that the vertical distance between the S and
surface Ni layers is 1.46±0.04 A. The difference
between the SEXAFS and SW results shows the
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-4-2
0
2 4
6
Energy from Bragg condition (eV)

Fig. 1. The observed SW profile for the 11-1 reflection compared with calculated ones.
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Introduction

however, showed larger extent of organic sulfur removal

The knowledge of forms of sulfur in coal is necessary to

in the rapid pyrolysis compared with the parent coal. Total

develop the efficient precleaning technology of high sulfur

sulfur content of char was reduced to one third of the

and low-grade coals. A scries of studies on chemical coal

parent coal. Figure 1 shows third derivatives of Sulfur

cleaning process have demonstrated that rapid pyrolysis

Kedge XANES spectra of Illinois N0.6 parent coal,

effectively removed organic sulfur from the solid phase in
some types of coal. Part of the organic sulfur exists in

pretreated sample and (heir pyrolysis chars. XANES
spectra indicate the existence of sulfide, disulfide,

thermally stable form which is difficult to remove from

thiophene, sulfoxidc in the parent coal, and the increase of

the solid phase by pyrolysis.In the present study,

sulfoxide content by the HNO3 pretreatment. Disulfidc

bituminous coals were treated with nitric acid to transform

and sulfoxidc were easily decomposed in the rapid

the thermally stable form of organic sulfur to reactive

pyrolysis while thiophenic sulfur remains in the char as a

species before pyrolysis. The pretreated samples were

major component of organic sulfur.

then pyrolyzed rapidly in a nitrogen atmosphere in a free
fall reactor. The changes of sulfur forms were determined
by XANES during pretreatment and rapid pyrolysis.

1

Experimental

I'iircnl
coal

Coal samples were immersed in a 5 N HN03 aqueous
solution for 2 hours at a boiling point. After filtration,
washing and drying, the pretreated sample was pyrolyzed
rapidly in a nitrogen atmosphere in a free fall reactor at

FcS
-S-SThioplicnic

960*0. This apparatus enables coal particle to be heated
at rates from 103 to l O ^ / s .

•o
•o

XANES measurements were carried out at BL 2A and
11B of Photon Factory. Electron yield and X-ray

1

fluorescence detection methods were used simultaneously.

IINOJ
treated

The energy scale was calibrated with reference to a peak of

C(Xll

sulfate assumed to be 2481.7 ev.

J

Results and Discussion
For Illinois N0.6 coal as an example, total sulfur
content changed from 3.4% for parent coal to 2.0% for
2460

pretreated sample mainly due to extraction of pyritic sulfur
without removal of organic sulfur. The pretreated sample.

2470
2480
Photon energy [eV\

2490

Fig. 1 Third derivatives of Sulfur K edge XANES spectra
of Illinois No.6
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We have been studying electronic structures of
carbon, nitrogen, and oxygen AT-shell excited states for
some linear triatomic molecules and subsequent
fragmentation dynamics with the "angle-resolved ionyield spectroscopy"'1'. We apply this technique also to
sulfur AT-shell excitations and some polyatomic molecules.
In this report, the results for S K-shell excited states of
SF6 are shown.
Measurements were carried out with the Si(lll)
double crystal monochromator at the undulator beamline
BI^2A.
Fragment photoions emitted from the
interaction region of the incident light and sample gas
were detected simultaneously using two channeltrons.
The detectors were set on a plane perpendicular to the
incident light and in the 0° and 90° directions relative to
the electric vector of the linearly polarized light. In
order to prevent thermal ions from reaching the detectors,
the retardation field +3 V were applied. The detection
efficiencies of the two channeltrons were calibrated,
assuming that the angular distribution of the fragment
ions from the core-ionized states of SFs with the Oh
symmetry is isotropic above the ionization threshold.

relative to the direction of the reduced transition dipole
moment. On the other hand, if the et mode relates to the
distortion, either angle between the S-F bonds or the
direction of the reduced transition dipole moment do not
change. If the Jahn-Teller distortion along the eg mode
is dominant, the anisotropic fragmentation must be
explained by other mechanisms; for example, the
probability of bond-breaking depends on S-F bond lengths,
and longer bonds are much easier to be broken.
The weak structure at 2482.0 eV (A) is assigned to
the S Is -» 6o lg dipole-forbidden transition'21. The
angular distribution of the fragment ions for the 6ai g
excitation is almost isotropic. This result may be
explained by the same probability of bond-breaking for
the six S-F bonds following the Auger decay and by little
bending mode coupling with the 6ai g excited state.
References
[1] J. Adachi, N. Kosugi, E. Shigemasa and A. Yagishita, J.
Chem. Phys. 102 (1995) 7369, and references therein.
[2] C. Reynaud, S. Bodeur, J. L. Mardchal, D. Bazin, P. Milli6,
I. Nenner, U. Rockland and H. BaumgSrtel, Chem.Phys.
166(1992)411.
[3] N. Kosugi, J. Electron Spectrosc. in press.

Figure 1 shows the angle-resolved ion-yield spectra
of SF6. If isotropic photoabsorption occurs even below
the ionization threshold, the fragment ions emitted from S
AT-shell excited state of SF6 should exhibit the isotropic
angular distribution. However, the present spectra show
the anisotropic fragmentation for the S Is -» 6flu
excitation'2', which is observed at 2486.0 eV (B); the ionyield observed in the 0° direction relative to the electric
vector of the incident light is smaller than that in the 90°
direction.
The anisotropic fragmentation for the S Is ->• 6^u
excitation means that the stable geometry is distorted with
the Jahn-Teller effect'3'. The Jahn-Teller distortion in
the 6/lu excited state can occur through the two-fold
degenerate stretching (eg) mode or through the three-fold
bending (f2g) one. The distortions along the eg and t2g
modes lead to the Ob -» D4h and D ^ o r DM) symmetry
lowering, respectively. A d-orbital component is mixed
with the 6>iu one through the distortions; therefore, the
transition dipole moment in the distorted geometry
becomes small. If the f2g mode relates to the Jahn-Teller
distortion, the angular distribution of the fragment ions
should be anisotropic because some S-F bonds are bent
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Figure 1 Angle-resolved ion-yield spectra and anisotropy
parameter on the angular distribution of fragment ions for the S
/C-shell excited states of SF6- The dotted and solid lines show
the ion-yield in the 0° and 90° directions relative to the electric
vector of the incident light, respectively.
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In this report following the report I, we present
angle-resolved ion-yield spectra for the S Is excited states
of thiophene (C4H4S) in gas phase using linearly polarized
synchrotron radiation from BL-2A.
Moreover, the
present results are compared with the spectra previously
reporied on C4H4S adsorbed on the Ni(100) surface.
In the S Is -» n* excitation (JBi <- lAx transition),
the direction of the transition dipole is perpendicular to
the molecular plane, and the fragment ions are observed
mainly in the 90° direction. On the other hand, for the
transitions to xAi and 1B1 states, the transition dipoles are
on its molecular plane, and the fragment ions are observed
mainly in the 0° direction. The *Ai and ' l ^ excited
slates cannot be differentiated with the present technique
because the angle between the directions of the transition
dipoles and these of the emitted fragments depends on the
broken bonds.
Figure 1 shows the S /ST-shell angle-resolved ionyield spectra of C4H4S. The lowest energy prominent
peak at 2473.2 eV (A) is mainly observed in the 90°
direction, and is obviously assigned to the 4bx
excitation11-21. The next peak at 2473.6 eV (B) is mainly
observed in the 0° direction. The peak is attributed to
the S Is -> a* (8fe2) valence excitation11'. In previously
reported S /T-shell absorption spectra for Qms' 1 ' 2 ', these
two peaks could not be resolved. The S Is -> 4bi and
8b2 excited states for the gaseous C4H4S are
experimentally differentiated with the present angleresolved ion-yield spectroscopy, and the result is
consistent with the assignment reported by Hitchcock et
a/.'1'
Three Rydberg peaks are observed in the present
spectra. The accurate S Is ionization potential for
C4H4S has not been known and the term value for each
Rydberg excited state cannot be evaluated.
A
preliminary ab initio quantum chemical calculation has
been performed to see the tendency of oscillator strengths
for the S Is —»• Rydberg excitations. The results show
that the oscillator strength becomes smaller in order of
4pfc2, 4p&i, 4sai, and 4pfli. Therefore, the shoulder at
2475.3 eV (C) is due to the 4sax Rydberg peak. The
most intense peak (D) among the Rydberg excitation is

observed at 2475.7 eV and is mainly attributed to the
Rydberg excitation. The next peak at 2476.3 eV (E) is
assigned to the 5pb2 Rydberg excitation.
Takata et al. have measured the absorption spectra
for the adsorbed C4H4S systems; C4H4S / Ni(100) and
QH4S / O / Ni(100)(3>. The &b2 peak for the adsorbed
system C4H4S / Ni(100) is shifted to about 0.2 eV lower
energy side than that for the gaseous molecule. On the
other hand, the Abx peak for the C4H4S / Ni(100) is shifted
to about 1.2 eV lower energy side than that for the gaseous
molecule. These results mean that interaction of the 4i»i
(71*) orbital with the Ni metal is large.
References
[1] A. P. Hitchcock, J. A. Horsley and J. St5hr, J. Chem. Phys.
85 (1986) 4835.
[2] R. C. C. Perera and R. E. La Villa, J. Chem. Phys. 84 (1986)
4228.
[3] Y. Takata, Y. Kitajima, H. Aga, S. Yagi, T. Asahi, T.
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(1993) S32-2, 350.
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Figure 1 Angle-resolved ion-yield spectra and anisotropy
parameter on the angular distribution of fragment ions for the S
AT-shell excited states of C4H4S. The dotted and solid lines
show the ion-yield in the 0° and 90° directions relative to the
electric vector of the incident light, respectively.
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changed from that in the ground state.

In this report following the reports I and II, we
present the angle-resolved ion-yield spectra for the S Is
excited states of SO2, and show that the anisotropy
parameter (3 for the angular distribution of fragment ions
depends on the retardation field. This is a new rinding
in the measurement with our spectroscopic technique.
Figure 1 shows angle-resolved ion-yield spectra of
SO2 in the S K-shell excited region with the retardation
field +3 V. The spectra show three prominent core-tovalence peaks and two Rydberg ones. The observed p
values for the valence peaks are -0.86, +0.32 and +0.16.
The peak at 2473.2 eV (A) is unambiguously assigned to
the S Is («i) -» 3£>i excitation'1'. If the axial-recoil
approximation is valid with keeping the molecular
geometry in the ground state, the anisotropy parameters p
for the ejected fragment ions following the S Is ~* 9«i
and 6b2 excitations should be -0.24 and +1.24,
respectively121. However, the observed p values largely
deviate from the expected values. This means the
molecular geometry on the fragmentation is changed from
that in the ground state, or the three-body fragmentation
occurs strongly. If the latter process is dominant, the S*
ions would be mainly observed in the 0° direction for the
a t excitation and in the 90° direction for the b2 one.
Thus, the S+ fragment would lead an incomplete
symmetry-resol u tion.

References
[1] S. Bodeur and J. M. Esteva, Chem. Phys. 100 (1985) 415.
[2] G. E. Busch and K. R. Wilson, J. Chem. Phys. 56 (1972)
3638.
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Figure 1 Angle-resolved ion-yield spectra and anisotropy
parameter on the angular distribution of fragment ions for the S
AT-shell excited states of SCh. The dotted and solid lines show
the ion-yield in the 0° and 90° directions relative to the electric
vector of the incident light, respectively.

According to the conservation of momenta of the
emitted fragments through the three-body fragmentation,
the S* fragment has a relatively small kinetic energy.
The symmetry should be determined by using p with the
larger retardation field to reduce contirbutions from S+
fragment. We have measured the angle-resolved spectra
also with the retardation voltage +12 V. It is found that
the anisotropy parameters P for the two valence peaks (B
and C) depend on the retardation field, whereas the p for
the Rydberg peak at 2480.8 eV (D) is almost constant
around -0.2, as shown in figure 2. The p with the
retardation voltage +12 V for the valence peaks at 2478.0
and 2478.9 eV are -0.20 and +0.38. Therefore, the peak
at 2478.0 eV (B) can be assigned to the S Is -» 9ax. The
peak at 2478.9 eV (C) is probably due to the 6b2
excitations, although the experimental p is deviated from
the expected value. This result possibly implies that the
4soi Rydberg transition is overlapped in the peak C, or
that the stable geometry in the S Is -» 6b2 excited state is
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Figure 2 Retardation field dependence of the observed
anisotropy parameters. The ion-yield with the retardation field
+3 V corresponding to absorption spectrum is also shown.
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rotated by a stepping motor. The electron
energy analyzer was a concentric hemispherical
electron analyzer (RIGAKU XPS-7000). The
angle between the incident x-ray beam and the
electron energy analyzer was 75°.
Representative measured spectra are
shown in Fig. 1, where we compare the XPS
spectra of the same sample measured at two
different incident angles. Figure la is the
spectrum measured at a glancing angle 0.45°
larger than the critical angle of x-ray total
reflection, and Fig. lb is that at a glancing
angle 0.45° smaller.

Photoelectron spectra of an Si wafer, on
which copper phthalocyanine was evaporated
with a thickness of 50 A, were measured using
grazing incidence x-rays under a total reflection
condition [1,2]. It was observed that the
backgrounds owing to inelastic electron
scattering in solids were reduced. It was also
observed that the substrate Si signal was
removed and that surface signal was enhanced
due to the total x-ray reflection [3].
The total reflection x-ray photoelectron
experiments were performed on the doublecrystal Sid 11) monochromator beamline (BL2A). The synchrotron radiation x-rays from an
undulator were monochromatized by a Sid 11)
double-crystal monochromator. The 2.5 GeV
positron storage ring current was between 350
and 250 mA during measurement. The x-ray
beam size at the sample was restricted to 2.0
mm (vertical) and 0.5 mm (horizontal) by a
focusing mirror in the beam line.
The vacuum
chamber pressure was 10"8 Torr during
measurements. The sample holder was
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Spectrosc. Relat. Phenom. (1995) (in press).
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Fig. 1 X-ray photoelectron spectra measured at a glancing angle of (a) <|)c+0.45o and (b) <j>c-0.45° (total
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The full width at half maximum (FWHM) of 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's of 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 continuum are about 2.6 and 3.0 eV, respectively. According
to the theoretical study by Tanaka and Kotani,1) the
hybridization between the ds and <flov states is large
in these materials and the width of the emission band
is wider in La2CuO4 due to the existence of apical oxygens. Here v denotes a hole in the valence band.
It is noticed that the satellite S is observed at
about —5 eV in La2CuO4. This indicates that the
hybridization between the ds and d^°v_ states is larger
in La2CuO4 than in CuO and that the charge transfer
excited state1) locates at about 5 eV above the ground
state in La2CuO4. These interpretations are consistent
with the theoretical prediction.

Introduction
Core level spectroscopies with x-rays, such as photoemission, absorption and emission spectroscopies,
have been utilized to investigate the electronic structures of matter. The x-ray emission spectroscopy
(XES) is surface insensitive and reflects the partial
density states of bulk. Moreover, the 3d —• 1p 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 3d states of the initial
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 highTc superconductors. La2CuO4 has the apical oxygens
above and below the so-called CuO2 plane, while CuO
has not.

Experimental Procedure

11

RXES measurements were carried out at the BL2B
of the Photon Factory at the National Laboratory
for High Energy Physics. X-rays from a storage ring
were monochromatized by a 10-m grazing-incidence
monochromator of a Rowland-mount type. Fluorescent x-rays emitted from the samples were monochromatized by a 50-cm Johansson-type 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 1.6 eV. The energy of the incident x-rays was calibrated by the photoelectric yield measurements. For fluorescent x-rays,
the 2p-XES of Ni, Cu, and Zn were used for references.
The incident and exit angles of x-rays were about 70°
and 20°, respectively. Single crystalline La2CuO4 and
polycrystalline CuO were used.
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Fig. 1. RXES of CuO •and La 2 Cu0 4 . Origin
of the abscissa indicates the excitationphoton energy.

Results and Discussion
Figure 1 shows the Cu 2p 3/2 -RXES of CuO and
La2CuO4. The origin of the abscissa indicates the
excitation-photon energy tuned to the peak of the Cu
L 3 absorption spectra. The main peaks of the RXES of
both samples coincide and are observed at about —1.5
eV. This implies that localized excited states center
around 1.5 eV above the ground state.

Reference
1) S. Tanaka and A. Kotani, J. Phys. Soc. Jpn. 62,
464 (1993).
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Introduction
We have studied the photon stimulated ion
desorption (PSID) from solid methyl formate in
near carbon and oxygen A'-edge X-ray absorption
fine structure regions. Deuterated methvl formate
(DCOOCH0 having a C D bond and C-H bond in
a formyl group and methyl group, respectively,
was used in order to examine bond-selectivity11 in
the ion desorption.
Experimental
The experiments were performed using the
lOm-GIM of the beam line 2B. Desorbed ions
were detected and analyzed2 by a time-of-flight
(TOF) mass spectrometer * using a pulsed
synchrotron radiation. The energy resolution was
about 0.15 eV at 300 eV. Commercial methyl
formate was used after degassing by pump-freezethaw cycles, and its films, typically about one
hundred layers, were grown by condensing the
vapor on a copper substrate cooled to 83K. The
chamber pressure was kept at 1 -2x 10 ' ° Torr.
Results and discussion
H+. D+, CHn+, O+. and OCH,,+ (n=0-3) ions
are observed in the TOF spectra in Civ and Ol.s
excitation regions. Figure I shows the integrated
intensities of the PSID yield of H+. D+. and C+
ions, together with the TEY representing a
photoabsorption cross section, as a function of
photon energy. The ion yield spectra shown in
Fig. 1. as a whole, resemble the TEY spectrum,
however, some ion yields significantly deviate
from the TEY spectrum, which indicates that
desorption probability +substantially depends on
primary excitation. CH n (n=0-3) ion yields show
the resonant feature of 3. which is seen as a
discernible shoulder at higher energy side of a
peak 2 in the TEY spectrum. The transition
corresponding to the feature 3 is most likely
assigned to a Cl.v(Crh)-*a*(O-CH}) on the basis
of the enhancement of fragmentation
of the
methyl group at this energy. H + ion yield also
shows the enhancement at the feature 3. compared
with the TEY. This finding agrees with the
assignment
described above. On the other hand.
D + ion yield remarkably increases at the energy
of a feature 5. This excitation is presumed to be
assigned to a Cl.v(C=O)—CT*(C-D) that would
involve a strong antibonding orbital on the C D
bond.
In addition, photoion photoion coincidence
(PIPICO) technique has been applied to clarify the
role of multiply charged states in the ion
desorption. In trie'PIPICO spectrum
shown in Fig.
2, the coincidence peaks of CH n + -H+ (n=0-2) ion
pairs were observed, and the intensities of these
peaks highly increased at the feature 3. This

observation is explained as that the creation of a
core hole at the methyl carbon results in the sitespecific fragmentation of the methyl group
through coulombic explosion. This result agrees
with the assignment of the feature 3.
In summary, the results demonstrate that the
state-specific or bond-selective desorption can be
achieved on the DCOOH3 layers by the core
pxritalinn

C\J\J

<+uu

ouu

TOF difference (ns)

Fig. 2 Surface PIPICO spectrum obtained with the
excitation energy of feature 3 in Fig. 1.
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fairly large intensity at the Cu2+ peak position, which
probably originates from the d aaAda. Nevertheless, the
Cu2+ peak in the EJ_c spectra is stronger than in the the
E//c spectra. From these results, we conclude that the Cu
3d holes mainly exist in the d orbital but that the
number of holes in the other 3d orbitals is not negligible.
As for the change in the spectra between the M-phase and
the I-phase, the 931 eV peak in the I-phase is slightly but
distinctly enhanced compared to that in the M-phase. The
results imply that the number of Cu2+ sites in the I-phase
is more than that in the M-phase and that the mean
valence of Cu is larger in the I-phase.

Introduction
Organic quasi-ID DCNQI-Cu salts have attracted great
interest due to their unusual physical properties.1' These
salts have substantial 3D character due to the presence of
Cu 3d orbitals bridging the ID pn chains of DCNQI
molecules. 1 ' Partially deuterated (DMe-DCNQI-d7)2Cu
undergoes a metal-insulator (MI) transition at Tt -80 K2'
accompanied by a three-fold periodical lattice distortion
along the chain (c-axis). 1 ' The lattice distortion is
associated with ordering of Cu+ and Cu2+ with ralio
Cu+:Cu2+ = 2:1. 3 ' We report on a linearly polarized XAS
study of (DMe-DCNQI-d7)2Cu.

(DMe-DCNQI-d7)2Cu N Is XAS

Experimental
XAS measurements of (DMe-DCNQI-d7)2Cu single
crystals were made in the total electron yield mode at room
temperature in the metallic phase (M-phase) and at -30 K
in the insulating phase (I-phase) at the soft x-ray undulator
beam line BL-2B. The angle between the electric field E of
the photon beam and the c-axis of the samples were
controlled by rotating the sample. In order to obtain clean
surfaces, the samples were fractured in situ at each
measuring temperatures. The XAS spectra did not change
within several hours after cleaving. The energy resolution
was -0.1 eV for N Is XAS and -0.5 eV for Cu 2p XAS.
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Results and Discussion
Figure 1 shows linearly polarized N Is XAS spectra of
the DCNQI-Cu salt. Sharp peaks at 399 eV and 401 eV
are observed in all spectra. These spectra shows that there
is little difference between the spectra in the M-phase and
those in the I-phase. Therefore we can conclude that the
unoccupied electronic structure around the N atoms does
not change at the MI transition on the large energy scale
probed here. Appropriately broadened density of states
(DOS) derived from the LDA calculation'4' is also shown
in Fig. 1. The calculated DOS is in good agreement with
the E//c spectra. The 399 eV peak is greatly reduced in the
E-Lc spectra compared with that in the E//c spectra. Thus
this observation is a reflection of the strong anisotropy of
the conduction band, which is mainly derived from the ID
pit band dispersing along the c-axis.1'"1'
Linearly polarized Cu 2py2 XAS spectra are shown in
Fig. 2. In these spectra, peaks are observed at 931 eVand
935 eV. The 931 eV peak is clearly different between the
E//c spectra and the Elc spectra while the 935 eV peak
has little anisotropy. Therefore we consider that the peak
at 935 eV and that at 931 eV correspond to absorption at
the Cu+ sites and that at the Cu2+ sites, respectively. It is
thought that holes on the Cu~+ site occupy the Cu 3dxv
orbital and that the other Cu 3d orbitals have negligibly
small number of holes.3I However, the E//c spectra have
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Fig. 1 N Is XAS spectra of (DMe-DCNQI-d7)2Cu and
comarison with the band calculation.4'
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Cu 2py2 XAS spectra of (DMe-DCNQI-d7),Cu
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Introduction
YCo2 is a typical exchange-enhanced paramagnet. On the
other hand, Yoshimura and Nakamura have found that
Y(Co,.xAlx)2 exhibites weak ferromagnetism for 0.13 < x
< 0.19 " , which is well described by the spin-fluctuation
theory. Sakakibara observed a clear metamagnetic
transtion for 0.07 < x < 0.13 2) , and its temperature,
composition, and magnetic field dependence is in good
agreement with the prediction of the theory of itinerantelectron metamagnetism. Recently Aoki and Yamada have
performed band-structure calculation for YCo, and
Y(Co075Al025)2 using the self-consistent APW method 3).
In order to obtain information on the electronic structure
of Y(Co,.xAlx)2 compound, we have performed x-ray
absorption spectroscopy (XAS) of Y(Co,.x Alx)2 for x=0.0,
x=0.12, x=0.18, which compositions cover the
paramagnetic, metamagnetic and ferromagnetic phases.

Fig. 1. Comparison of the Co 3d partial DOS (solid lines) given by the
band calculation 3) with the XAS spectra (dots).

Experirngntal
XAS was measured at beamline BL-2B of Photon Factory,
Laboratory for High Energy Physics. The energy
resolution was ~ 0.2 eV. In order to obtain clean surfaces,
samples were scraped with a diamond file and were
measured in an ultra-high vacuum( ~ 10 9 Torr). The
photon energy was calibrated using the O Is edge of TiO2
at 530.7 eV 4 ) and the Cu 2p3/2 edge of Cu metal at 932.5
eV 5). The XAS spectra was taken at ~ 50 K in the total
electron yield method. In the XAS measurement, samples
were cooled using a closed-cycle He refrigerator.

Energy relative to E F ( B V )

Fig. 2. Comparison of the XPS and BIS spectra (dots) with the Co 3d
partial DOS (solid lines) given by the band calculation i>. The
backgrounds due to secondary electrons are given by dashed lines.
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Results and Discussion
Figure 1 shows comparison between the theoretical DOS
and the XAS experimental spectra of Co 2p. The
bandwidth of the main peak becomes narrower and the
intensity of the satellite structure becomes stronger in
going from x=0.0 to x=0.18. Agreement between the
calculated and the experimental spectra is good. Figure 2
shows comparison between the theoretical DOS and the
experimental spectra of the valence-band XPS and BIS. In
the XPS and BIS spectra for x=0.0, x=0.18, the theoretical
DOS is not in agreement with the experiment result. As
shown in Fig. 2, the band-structure calculation cannot
explain the experimental results. When the self-energy
correction is included, the agreement between theory and
experiment is improved.
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Introduction
High-energy spectroscopic measurements provide
important information about the electronic structures of Ce
compounds. Among them, photoemissbn spectroscopy
(PES) of Ce 3d core-level and Ce 4d-4f resonant PES,
together with analysis based on Anderson impurity model,
have been extensively used to investigate the nature of Ce
4/ state in solids1'. These measurements are, however, very
surface-sensitive because of short escape depth due to
rather small kinetic energy of photoelectrons. In fact,
Kaindl et al.2' have pointed out this may seriously alter the
spectra from those of bulk particularly in case of a-like
compounds, using Ce 3dAf resonant PES which utilizes
higher photon energies and is supposed to be more bulksensitive.
To clarify this point in several compounds, we
performed Ce 3d-4f resonant PES and Ce 3d X-ray
absorption spectroscopy (XAS), which is also considered to
be bulk-sensitive, on CeFej, CeRh3B2, ferromagnets in
valence-fluctuation regime, and CeNiSn, a Kondo
semiconductor, in which nf has value near 13).
Experimental
Samples were scraped repeatedly in situ with a diamond
file, and cleanliness of sample surface was checked
through O Is photoemission signal from contaminants after
every scans. All the spectra were taken at - 50 K, and the
preassure in the vacuum vessel was under ~ 7x10 l0 Torr
during the measurements. The PES spectra were obtained
with PHI double-pass-cylindrical-mirror analizer, the XAS
spectra by counting photoexcited electrons with an electron
multiplier placed near the sample. The total energy
resolution was about 1 eV and 0.5 eV for PES and XAS,
respectively. All the mesurements were done at beamline
BL-2B of Photon Factory, National Laboratory for High
Energy Physics.
Results
Fig. 1 shows the Ce 3d XAS spectra of CeFe2, CeRh,B2
and CeNiSn. Large ( ~ 18 eV) spin-orbit splitting of 3din
and 3di/2 are seen. The main structures are due to 3d9 4 / 2
final state multiple!. The spectrum of CeNiSn is similar to
y-Ce4', showing characteristic multiplet structure, in
agreement with the observation that Ce is nearly trivalent
in this compound. Regarding CeFe;, and CeRh,B2, the
structures of the main peaks are smoothed and satellite
structures due to 3d ' 4 / ' final state are present at ~ 5 eV
above the main peaks, indicating strong hybridization of 4/
state in these systems.
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Fig. 1. Ce 3d XAS spectra.
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Fig. 2. Valence PES spectra at Ce 3d-4/ resonance.
The PES spectra of these compounds taken near 3d5n
threshold are shown in Fig. 2. The spectra of CeFej and
CeRh3B2 show more a-like line shapes than 4d-4f resonant
PES5>£|. Even the spectra of CeNiSn are considerably
different from 4d-4f resonant PES3), although the XAS
result supports near trivalency of Ce in this compound.
Hence, there would be a need for re-interpretation of Ce 4 /
spectra obtained by 4d-4/ resonant PES for these
compounds.
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effect of core-hole potential. We also have to perform
other high-energy spectroscopic studies in order to give a
coherent picture of the electronic structure of doped ladder
system.

Introduction
Recently, La, xSrJCuO2.5, which can be viewed as a holedoped ladder system, has been synthesized under high O2
pressure " and has attracted much interest. Temperature
dependence of magnetic susceptibility of LaCuO25
indicates that LaCuO2 5 has a spin gap and is an ideal spinladder compound. By substituting Sr for La, the Cu-O
ladder is chemically hole doped and becomes metallic. In
order to investigate the electronic structure of the holedoped ladder system as a function of hole concentration,
we have performed x-ray absorption spectroscopy (XAS)

Experimental
XAS was done at beamline BL-2B of Photon Factory,
Laboratory for High Energy Physics. The energy
resolution was ~ 0.2 eV at 530 eV. The photon energy
was calibrated using the O Is edge of TiO, at 530.7 eV 2)
and the Cu 2p3/2 edge of Cu metal at 932.5 eV 3). The
XAS spectra was taken at ~ 50 K in the total electron
yield method. In order to obtain fresh, clean surfaces, the
samples were scraped in situ with a diamond file. The base
pressure in the spectrometer was in the low 10"9-Torr
range.

530

535

540

545

550

Photon Energy (eV)
Fig. l.Ols XAS spectra of La^S^CuO^The spectra
are normalized to the area between 531 and 550 eV.

Results and discussion
O Is XAS spectra of La,.xSr,CuO25 for x = 0.00, 0.05,
0.18, and 0.29 are shown in Fig. 1. Two structures A and
B are observed at ~ 528.3 and ~ 529.4 eV, respectively.
As hole concentration increases, peak B loses its intensity
and peak A grows in intensity. This behavior of the two
peaks as a function of hole concentration is quite similar
to that previously observed in La2JSr,Cu04 by Chen et al.
4)
, indicating that the evolution of the electronic structure
by hole doping in the Cu-O ladder is essentially the same
as that in the CuO2 plane. Following their interpretation
of the O Is spectra of La2.xSr,Cu04, peak B is the
transition to the unoccupied Cu 3d state or so-called upper
Hubbard band, which is moderately hybridized with the O
2/7 state, and peak A is the transition to the unoccupied
state created by hole doping, which is dominated by O 2p
character. However, in La^Sr^CuOj 5, the energy
separation between peaks A and B and the relative
intensity of peak A to B at certain hole concentration are
smaller than in La2.^Sr^CuO4. The difference may reflect
the lower dimensionality of La,.ISrJtCuO2J system than
two-dimensional La2.-tSrtCu04. In order to reveal the
origin of the difference, it is necessary to develop a
method of analyzing the O Is XAS spectra including the
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Introduction
Perovskite-type oxide LaCoO3 has a low-spin ground
state and shows a gradual nonmagnetic-to-paramagnetic
transition and a semiconductor-to-metal transition with
increasing temperature.0 Magnetic susceptibility (c),
neutron diffraction, and NMR studies revealed that the
magnetic transition occurs around 90 K121 while x-ray
absorption (XAS) spectra change at about 500 K,3' where
c also has a weak anomaly." In order to investigate this
apparent conflict, we have studied the electronic structure
of LaCoO3 by x-ray absorption spectroscopy.
Polycrystalline samples of LaCoO3 was prepared by
solid-state reaction. The O \s and Co 2p XAS spectra
have been taken with the energy resolution of 0.2 eV at
BL-2 of Photon Factory (PF). The base pressure was in
the low 10"9 Torr in XAS. Surface cleaning has been
made by scraping in situ with a diamond file.

• 300 K
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Fig. 1 0 15 XAS spectra of LaCoO3 near the threshold.
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Results and discussions
Figure 1 shows the O 1 J XAS spectra at two
temperatures. The overall spectral features are in good
agreement with the previous report,3' with the peak at
529.4 eV attributed to the Co 3d bands hybridizing with
the O 2p band. One can find from Fig. 1 that the
intensity around the peak slightly decreases with
temperature while the weight around 528.4 eV increases.
Abbate et al. observed a distinct low-energy structure
above 550 K.3) We cannot concluded whether the shoulder
at 300 K in our data and the low-energy structure
observed by Abbate et al. have the same origin or not.
The overall features of Co 2p XAS spectra are also in
good agreement with the previous report,3' while a slight
change between the two temperatures can be observed.4'
We have also performed cluster-model calculations of
the O Is XAS spectrum and simulated the temperature
dependence of the spectrum by assuming the two types
(xAr*T\ and !A,-57"2) of mixed initial states as shown in
Fig. 2. The 'A,- 5 r 2 simulation shows quite larger change
than iAriT1 one, and we can see very small change in
experiment (Fig. 1). From our analyses of the valenceband photoemission spectra and magnetic susceptibility,41
we concluded that the xAi-iTl model is most appropriate.
Hence, the above simulations qualitatively support that
the magnetic transition -90 K is most likely due to the
'Apto-3/1, transition. The effect of the O Is core-hole
potential may have to be included to quantitatively
analyze the O Is XAS spectra.
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Fig. 2 Simulations of the temperature-dependent O Is
XAS spectra for the [Ar3Tx and lArsT2 mixed initial
states. 85% 'A, corresponds to -55 K and 25 % and 15%
'A, correspond to ~300 K. The ratios have been
approximately fixed to the results of the analysis of the
magnetic susceptibility.4'
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Introduction
The structure of oxide films thermally grown on
silicon
substrates
were
non-destructively
investigated by x-ray scattering.
Incident beams
were used to allow the grazing-incidence geometry.
The structure of oxide films on silicon substrates is of
interest for its effects on electronic characteristics
such as leakage current and breakdown voltage.

Fourier analysis of the scattering intensity curves are
now under way.

1

300

Experimental
Silicon oxide films were thermally grown on (100)
silicon substrates in an oxygen atmosphere with
some water. Film thickness ranged up to around 3
nm.
The x-ray beam was made monochromatic by a 111111 set of silicon crystals. It was also shaped into a
thin parallel ribbon by the sagittal bending of the
second crystal and two concave mirrors.
The beam was arranged to impinge on the oxide
surface at a grazing angle so as to make full use of
the film volume and to allow for varying the
penetration (sampling) depth as well.
With the
incidence angle and sample both fixed, a scintillation
counter was used to carry out step-scan on a 2G
circle. The counter axis was nearly perpendicular to
the sample surface. A soller slit was placed in front
of the counter to improve the angular resolution of
measurements to 0.4 deg. and to suppress the
background. 1 '
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Fig.1. Intensity curve for 2\km sampling depth.
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Results and discussion
Figures 1 and 2 show a scattering intensity curve
obtained for a sampling depth of 2 urn in this study
and a curve for bulk fused silica by Warren et al.^',
respectively.
Since the characteristic features of
these curves are apparently quite similar, it can be
deduced that the structure of the silicon oxide film is
determined to the same accuracy as that of the bulk
samples. Further reductions of sampling depth and
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Fig.2. Intensity curve obtained by Warren et al.
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An x-rays intensity passing through two
cross-slits, collimating slit of 10// m><5// m and
up-stream slit of 100 // m X100 ju m, was about
1000 counts /sec. This value is consistent with
the intensity estimated from the brilliance of the
BL-3A, 3X10 13 photons/sec/mm2/(mrad)2/0.1%
b. w., and the angular divergence of the x-rays
beams.

Introduction
Tailoring of x-rays coherence by optical elements
and its conservation in transfering of x-rays will
be important techniques in a future application
of coherence of x-rays to the diffraction physics,
such as x-rays speckle observations. In order to
characterize transverse coherence of synchrotron
radiation x-rays from a normal bending magnet,
we have tried to observe a Fraunhofer diffraction
patterns from a slit of the x-rays.1'
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Experimental
Experiments were carried out at the Beam Line
3A. SR from the normal bending magnet was
monochromatized to 1.39A by using a Si 111
bouble crystal monochromator. The longitudinal
coherence length achieved was about 1 fi m. An
angular divergence of the x-rays was limitted
by two slit systems; up-stream slits and
collimating slits set apart about 20m. Diffraction
patterns from the collimating slits was recorded
on nuclear photoplates (Ilford L4) set 80cm downstream from the collimating slits.
Results and Discussion
Solid line in Figure 1 shows a densitometer
trace of a Fraunhofer diffraction pattern from a
slit with x-rays of anguler divergence of about
10'5 rad.
Thin line in the figure represents a
calculated diffraction pattern for a slit of 5.63
ju m width. Good agreement was obtained except
at the low angle region. Larger intensity in
the experiment than in the calculation at the low
angle (near Y=0 region) is probablly due to a
parasitic scattering of the slits.

300 -200 -100

0

100

200

300

Y-position/ ju m
Fig. 1. Fraunhofer diffraction from a slit of 1.39
A synchrotron radiation x-rays. The intensity
distribution recorded on a photoplate was
digitized by a micro-photometer (solid line). The
calculated diffractiion pattern for a slit of 5.63
ju m width is shown by the thin line.
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Introduction
Although the zirconia-based ceramics have
fluorite-related phases with relatively simple
crystal structures, the phase transitions and the
phase diagrams are poorly understood. One of
the most important keys to solve this problem is
the study on the diffusionless cubic-tetragonal
(c-f ) phase transition where t' emphasizes a

i ZrO2
if -x mol%YOu

x=20

metastable tetragonal phase. Thus, t' can be
distinguished from the stable t which formed
diffusionally. In the present work, we have
investigated the tetragonal-cubic phase change
in the ZrO2-YOi 5 system using synchrotron Xray powder diffraction.

Experimental and Data Analysis
Compositionally homogeneous ZrO2-X mol%
YO1.5 (X= 10-20) solid-solution powders were
prepared by arc melting. Intensity data were
collected jus ing 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: 28
range = 63.3° to 65.7°, A29 = 0.005°, fixed time
= 8 s. NIST silicon powder was used as an
internal standard for angular calibration. The
diffraction profile was fitted by one, two or three
reflection peaks assuming the Pearson VII type
function. '

JC=14

(1

;:

P.

JMX.

Results and Discussion
63

The 400 reflection peak splitted into 004 and
400 ones of the tetragonal phase for the
composition of X=12, but showed no splitting for
X=16 and 20 (Fig. 1). Here reflection peak is
indexed by the pseudo-fluorite cell. The precision
of the da ratio for X=16, 18 and 20 were
estimated to be ±0.00047, ±0.00045 and
±0.00048 from the full width at half maximum of
the 400 peak. On the other hand, the neutron
diffraction measurements clearly indicated 112
reflection peak for sintered 16 mol% samples.^
The sample of X=14 is interpreted to be a mixture
of the ('- and t"-forms, where the r-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.

64

65

66

29 / deg.
Fig. 1 Observed (+) and calculated (solid line)
powder diffraction profiles of arc-melted
ZrO2-Jcmol% YO1.5.
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Keitaro KAGO, Satoshi TANIMOTO, Hideki MATSUOKA, and Hitoshi YAMAOKA
Department of Polymer Chemistry, Kyoto University, Kyoto 606-01, Japan
NozomuHAMAYA
Department of Physics, Ochanomizu University, Tokyo 112, Japan
The data of intensities of incident and reflected xrays were recorded by computer. The measurement was
made in air with He path before slits.
In low glancing angle, 0.5mm aluminum plate was
used as an attenuator in order to protect scintillation
counter from direct incident x-rays. Optical alignment was
done so that the sample was set where the intensity of the
reflected x-rays was strongest when the incident angle
was the critical angle of the substrate.
Thin polymer films were prepared by spin-coating
method Spinning began by adding drops of 0.25wt%
PMMA/acetic acid solution on glass plates. Weight
average molecular weight for PMMA was about 700,000.
After that, it followed rotating of the plates at lOOrpm for
a second, subsequently at 7000rpm for 99 seconds. Films
were dried in vacuum for an hour.

Introduction
X-ray reflectivity (XR) measurements were carried
out for thin polymer films on glass plate. From XR data,
the film thickness, surface and interface roughness could
be determined.
Suppose that the system consists of three stratified
homogeneous media, i.e., air/film/substrate. The
oscillating behavior in XR curve, known as Kiessig
fringe, is observed when the glancing angle of incident xrays is above the critical angle of the film." Kiessig fringe
resulted from the interference between the reflected x-rays
at the film surface and film-substrate interface. The
positions of maximum and minimum of the fringe were
related with the refractive index and the film thickness.
Parratt analyzed the XR specular curve and showed that xray reflectivity was expressed using recursive equation of
the function of the Fresnel coefficient for reflection and
reflection coefficient for each interface.8 After that, the
attempt to determine the film thickness by direct reading
of the oscillation period was made.3' But it was available
only in the case of single film layer.
Sakurai et al. pointed out that the reflectivity was
expressed
in terms
of cosine
function of

Results and Discussion
The XR data for PMMA thin film is shown in
Figure 2. Kiessig fringe was observed clearly.
Reflectivities down to 107 could be measured, and up to
19th maximum of the fringe was observed. The analysis
of the oscillation extracted from XR data allowed us to
determine the film thickness d (356±2A) very precisely.
By curve fitting procedure, the film surface roughness a i
and film-substrate interface roughness a «to be 4 and 5
A, respectively.

4nyd" - 8,•' IX • d ( Q an£ j # c are the glancing angle and
critical angle of the film, respectively, / is wavelength of
the incident x-rays, and d the film thickness), and showed
that the film thickness was determined by Fourier
transform procedure.4''51 It allows a determination of the
film thickness independent of surface/interface roughness.
In this study, we have constructed XR apparatus
with Synchrotron radiation (SR) source to investigate the
characteristics of thin polymer films on solid surfaces.

1x10°

Experimental
The XR experiments were performed using SR on
beam line BL-3A at the Photon Factory, National
Laboratory for High Energy Physics, Tsukuba, Japan. The
apparatus for XR measurements is schematically shown in
Figure 1. The wavelength of incident x-rays was 1.54 A .
The beam size was 0.05mm in height and 15mm in width.
The typical angular step was 0.01° in 2 8 . Reflectivity
ranged from 1 to 107. The intensity of x-rays was detected
with ion chamber, while that of reflected x-rays with
scintillation counter.

1x10
0

0.1

0.2

1

0.3

0.4

q/A'

Figure 2. XR curve for PMMA thin film on glass plate.
The solid line is the best fit to the experimental data
(dots).
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Figure 1. Apparatus for XR measurements.
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2.7% and 2.8% for the PrBCO and YBCO, respectively.
MEM Charge Densities
The MEM charge density of (010) plane containing Pr
atom is shown in Fig.l(a). The contour lines are drawn
only for lower density region. In this figure, there can be
found directional robe of the electron charge peeping out
from the Pr atom. The characteristic feature of the charge
density around the Pr atom shows the existence of the
shared interaction like a covalent bonding with O atoms.
These characteristic features show good accordance with
scheme of the Pr(4f)-O(2pJi) orbital hybridization.
The MEM charge density of YBCO are shown in Fig.l
(b) for the same planes as those in Fig.l(a). In Fig.l(b),
there is no significant overlapping of the charge density
between the Y and the O atoms presenting a striking
contrast to that around Pr atom. The feature of the charge
density around the Y atom looks quite similar to what
one would expect on the basis of a free-electronlike
distribution. From the distinct difference of (010) MEM
charge density of PrBCO from that of YBCO, we
conclude that there exists the hybridized orbital between
the Pr atom and CuO2 plane?) which supports the hole
trapping mechanism by the hybridized states for the
suppression of the superconductivity in PrBCO.

Introduction
PrBa2Cu3(>7 is a unique compound in the RBa2Cu3O7.s
(R =Y and other lanthanides) system because of its own
singular non-superconducting property l). So far, the several mechanism for the singular behavior of the Pr have
been proposed. They are the models of the hole-filling
by Pr(3+a)+ (0<a<l)2), the pair breaking by the magnetic moment of Pr ions3) and the hole trapping by the hybridized states of Pr(4f>O(2pjr) orbitals4).
Among
them, the hole-trapping model has been claimed to be
the most consistent with various experimental resultsS).
If the hybridization really exist s between the Pr and
CuO2 plane, the bonding electrons which would be
seeped out of the Pr and O atoms into the interatomic region should be found in the charge density distribution.
In order to prove the existence of the hybridization,
charge density study of PrBa2Cu3O6 87(PrBCO) and
YBa2Cu3O6 97(YBCO) has been carried out by the Maximum Entropy Method(MEM) using the Synchrotron Radiation(SR) powder data.
Experimental
In the present orthorhombic system, the high angular
resolution powder diffractometry was required to avoid
the severe overlapping of the powder profiles. For that
purpose, we collected the powder data of PrBCO and
YBCO by the SR powder diffractometry of parallel beam
reflection geometry using the long fine solar collimator
at Photon Factory BL-3A*). The full aperture of solar
collimator was 0.076° and gave the angular resolution,
0.08°(29) in terms of FWHM of the peak profile. The
wavelength of incident X-ray was 1.50A. The collection
time at each step of 29(0.01°) was 4.0sec.
Data Analysis
Theintegrated intensities for thel62 forPrBCO(sin8/X <0.53
A-i) and the 168 reflections for YBCO(sinOA<0.54A-i)
were derived by the profile fitting analysis. The reliable
factors of the whole pattern fits(Rwp) were 5.5% and 5.7%
for PrBCO and YBCO, respectively. The observed
structure factors used in the present MEM analysis were
108 independent and 11 grouped reflections for PrBCO.
For YBCO, they were 109 independent and 20 grouped
ones. In the MEM analysis, the unit cell is divided into
40X40X100 pixels. The final reliable factors of the
MEM charge densities based on the structure factors were

The authors thank Mr.T.Mori for his kind help in data
collection at Photon Factory.
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(a) PrBCO
(b)YBCO
Fig.l The MEM Charge Densities
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Introduction
We performed X-Ray polarization analysis of allowed
and forbidden Bragg reflection of iron pyrite to study X-ray
dichroism and birefringence.') 2> The allowed reflections
showed a-polarization, since the incident beam was CTpolarized. The polarization anomaly of (001) forbidden
reflection was observed3' and it was attributed to ATS
(Anisotropy of the Tensor of Susceptibility) reflection4).
The (001) reflection showed 7t-polarization and the (011),
complex polarization property, which depended on the
azimuthal angle, i.e. rotations around the scattering vector.
The results are in good agreement with the ATS theory
taking the anisotropic scattering tensor into the X-ray
diffraction.

where 8 B , <p, 9A*a r e t n e Bragg angle, the azimuth
angle and the angle of the polarization analyzer, i.e. cpA=O
for c-polarization and 7t/2 for n-polarization, respectively.
The observed intensity for 011 and the carve calculated by
eq.(2) are shown in Fig.l. Comparing the intensities of
011 and 022, we obtained b in eq. (1) as b=0.40 for

c

C

u

Experimental
The X-ray polarization measurements were carried out at
BL-3A and BL-4C using four-axis diffractometers.5) A
polarization analyzer equipment was mounted on the
counter arm of the diffractometer. Si (331) was used for
the analyzer crystal in the experiment for the (011)
reflection. The Bragg angle was 44.398° for the
wavelength at Fe-K absorption edge.
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(1)
where b is the off diagonal element of the Fe atomic
structure tensor.
Therefore, the intensity of the reflection is given by
/ (0//; (p; <pA) = 81b f \FA f (cos 2<psin 6B sin <pA
+ cos (pcos 6B sin (pA + sin 2<pcos <pA )2

(2)
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Introduction

Valence-contrast method
Selecting a wavelength to give the different f
values, this technique promises to distinguish
different ions of the same elements in a mixed
valence crystal.
Even above Ty, weak diffuse streaks of
magnetite were observed in the disk-like or
spike-like shape around 440, 400, and 800 type
reflections, having some difference from the
neutron scattering results at 150K. These diffuse
patterns did not appear at room temperature.
The above spike-like diffuse streaks are analyzed
as the Huang scattering where local charge
ordering between Fe 2+ and Fe 3+ possibly occurs
with an asymmetric distribution along to [110]
and [100]. Modeling requires a doubled cell and
1:3 local arrangements of two kinds of ion.

Magnetite is a mixed valence compound of an
inverse-spinel type, [Fe 3+ ] A [Fe 2+ Fe 3+ ] B O4The high electronic conductivity suggests the
continuous interchange of the electrons between
Fe 2+ and Fe 3+ at the B sites above the Verwey
transition (Tv = 123 K), while the hopping is
frozen as charge ordering below Tv. Even
above Ty, anomalous diffuse streaks were
observed in electron and neutron scattering.12)
It is recognized that a chemical shift of
XANES spectrum occurs among different
valence states. The anomalous scattering effect
related to the chemical shift promises the
possibility of distinguishing different ions of the
same elements in a mixed valence crystal by
selecting a wavelength to give the different f
values.3^ In this study to use synchrotron Xrays, valence fluctuations of ferrous and ferric
ions in the B site are examined in terms of
diffuse scattering just above Tv.

1) Chiba, K., Suzuki, K. & Chikazumi, S. (1975) J.
Phys. Soc. Jpn 39, 839-840.
2) Shapiro, S.M., Iizumi, M. & Shirane, G. (1976)
Phys. Rev. B 14, 200-207.
3) Sasaki, S. (1995) Rev. Sci. Inslrum. 66, 1573-1576.

Experimental
[010] -

A chemical shift of about 5 eV was observed in
the spectra of F e 2 + and Fe 3 + and the
experimental / ' was estimated from the
absorption data. The maximum difference in the
/ value between Fe 2+ and Fe 3+ are about 2.5 at
the longer wavelength side near the Fe 2+ edge.
X-ray experiments were performed on single
crystals of synthetic and natural magnetites with
vertical-type four-circle diffractometer at PF-BL10A. Synthetic crystals were kindly provided
by Profs. H. Kawata and S. Todo. Intensity
measurements in various 2-D reciprocal planes
were made around the 400, 800, 440, 221, and
444-type reflections at 130 and 300 K. The
wavelength \ = 1.7421 A was chosen with t h e /
difference of 1.6 between Fe 2+ and Fe3+.

4 1T

[100]'

Fig. 1, Iso-diffusional pattern around a 440 reciprocal
lattice of synthetic magnetite: T = 130 K, X = 1.7421 A,
f(Fe 2 + )-F(Fe 3 + ) = -1.60.
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Introdcution
Biomaterials are mainly composed of protein, lipid,
and polysaccharide. When these 3 elements contain
water and take some particular microstructures in an
organism, a biological function is revealed.The
microstructure is usually ranging from some /J. m
down to some nm. The relation between these
structure and function has been clarified by using
optical microscope in the range larger than n m
order, and by using electron microscope in the
smaller range. Electromagnetic wave techniques are
also available, though the information of size of the
scatterers is only obtained ; Laser light scattering
technique is for the range around 1 ii m, and
conventional small angle X-ray scattering
measurement is for the range from 100 nm to 1 nm.
It is a little hard to get the information of the
microstructure ranging from 100 nm to 1 ii m by
using the techniques mentioned above. The authors
would like to report here that a ultra-small angle Xray scattering (USAXS) apparatus whose X-ray
source is synchrotron radiation generated in PF in
KEK located in Tsukuba Japan is useful for the
research work on the microstructure of the
biomaterial and biorelated materials. The
performance of the apparatus is demonstrated by
showing the USAXS profiles of a collagen fiber.
Experimental
The USAXS apparatus is consisted of two channelcut silicon crystals, sample holder, scintillation
detector, slits to eliminate the scattering noise. A
monochromated 1.26A X-ray beam was introduced
into the pipe filled with Helium gas by way of a
ionization chamber to monitor the intensity of the
incident beam. After the beam went through the first
crystal where it was reflected 5 times according to
the Bragg's equation to make a nearly perfect parallel

beam, it hit the sample. Then, the transmitted and
scattered beam went into the second crystal to make
5 times reflection. The second crystal can be rotated
to sweep around the Bragg's angle. The output from
the second crystal was detected by the scintillation
counter. The intensity data was recorded as a function
of the rotating angle of the second crystal. The
collagen sample used here was made from a chicken
leg.
Results and Discussion
The USAXS profile is shown in Figure 1. Peaks
from 1st to 5th are found in the profiles. Each peak is
isolated from others. The peaks higher than 6th could
not be observed due to the geometry of the slit. From
these peaks, the long period is calculated to be 639A.
When this data is compared with that obtained by
the conventional SAXS equipped with position
sensitive proportional counter, the excellent
performance of the USAXS is confirmed.
Conversely, from the point of calibration of the
performance including long spacing, the collagen can
be one of the suitable standard samples for the
USAXS apparatus.
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Figure 1. USAXS profile of collagen.
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Abstract
Apparatus for high resolution photoemission spectroscopy consisting of a SCIENTA SES200 analyzer and a He cryostat are
commissioned. We have achieved the total resolution better than 30tneV at 120 eV and the sample temperature down to 1 OK. Typical
results of high-resolution resonance photoemission done for CeRu2Sij for the excitation in the Ce 4d—4f absorption region is presented
The Ce 4f spectrum has shown two prominent structures around the binding energies of 0.3 and 2.5 eV. The structure closer to the Femri
level (EF) has dearly revealed two peaks reflecting flie Ce 4f spin-orbit splitting. The intensity of the peak closest to E F is appreciably reduced
at 200 °K compared with the result at 32 °K. This intensity reduction is not fully explicable by flie thermal broadening of flie Fermi
distribution function and should be ascribed to the temperature dependence of the Kondo resonance peak.. The experimental results seem
to be interpreted by considering the Kondo temperature (TK) near 4 K which is much lower than T K ~ 2 0 K of this material. This deviation
suggests a presence of the y-Kke surface state.
Introduction

High resolution spectra are shown in Fig.1.

High resolution photoemission spectroscopy in combination with

The spectrum measured

at 32 °K reveals two prominent doublet peaks corresponding to the Ce

highly brilliant synchrotron radiation is strongly required to probe flie

4f spin-orbit spElting(J=7/2 and 5/2).

electronic states of 4f related features of rare earth compounds.

below E F is noticeably reduced at 200 °K. This peak intensity is stronger

The

The intensity of the peak just

use of the resonance photoemission technique is required to suppress

at 32 °K than at 200 "K.

the features resulting from the electronic states other than the 4f states.

not explained by thermal broadening effect alone, and suggests flie

Very high resolution photon monochromator is required in the region

contribution from the "Kondo resonance peak" located just above EF.

of the 4d-4f excitation region above 1 OOeV.

The best combination is

The temperature dependence of this peak is

According to an NC A calculation, the present result is better

realized with use of the SCIENTA SES200 analyzer, a He flow

explained by considering TK=4 K and V2p=0.0275 (eV) in spite that

cryostat and a Dragon monochromator at B O B of Photon Factory.

the Kondo temperature of this material is known to be about 20K.

By virtue of the brightness of both the photon-monochromator and the

One of the most plausible possibilities oOf the discrepancy of TK is a

electron analyzer, one can accumulate enough amount of high

surface effect It has been reported that a y-Ce like surface state is

resolution photoemission spectra at various temperatures from 10K to

present on the surfaces of various Ce compounds.

room temperature within a day.

The apparatus is designed to fit not

only to B U B but also to BL2B, BL20, and BL11. We briefly describe
the system performance by showing the result for CeRu2Sia.

CeRu2Si2

This

material has the electronic specific-heat coefficient of ~ 3 5 0 mJ/K2mol and the Kondo temperature TK of ~ 2 0 K.

This material is

known to show a metamagnetic transition at about 7.7 T.
Experimental
The surface of single CeRuiSb crystals was filed in situ at low
temperatures.

: hv=122eV

The resonance photoemission study in the Ce 4d—4f

excitation region was performed.

2: hv=114eV

The photoemission spectra near the

Fermi level measured for hv=122 and 114 eV are shown in Fig.1.

— Difference

Their difference spectrum is also shown.
Results and Discussion
The "well screened" peak(smaller E B ) and the "poorly screened"
peak(larger E B ) are first revealed corresponding to the "bonding'and
"antibonding" states between the Ce 4f and conduction band tales.

0.5
0
Binding Energy(eV)
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Introduction
Photoionization of a molecule in the energy region of its inner-valence shell has been one of the important subjects of experimental and theoretical studies concerning electron correlation. It has been shown
that correlation states which are ascribed as configuration mixed states of single-hole states and two-hole
one-particle states or further higher-order hole-particle
states, are important in the inner-valence energy region. The dominant relaxation pathways of high-lying
correlation states may be their bond dissociation which
produces a pair of an ion and an excited neutral fragment. Therefore, we present a new experiment of measuring the excitation function of the dissociative photoionization excitation (DIE) of N2 which is shown below.

ionization cross section
shows that most of the correlation states of the 2 E+ symmetry play an important role
in the DIE of the N2. However an additional hump at
about 55 eV has been observed in the excitation spectrum at 0=90° which can be explained by the DIE
with precursor correlation states with the II symmetry
or dissociative photo-double ionization excitation.2)
The excitation spectrum of DIE of H2 obtained at
0=90° is shown in figure 2. The excitation spectrum in
figure 2 seems to have a shoulder at the excitation energy around2 48 eV. The most probable precursor state
is the 2pxu IIU state.
References
1)M. Kitajima et al., J. Phys. B. 28, L185 (1995)
2)M. Kitajima et al., J. Pbys. B. 29 (1996), iu press.
3)S. Krumtnacher, V. Schmidt, and F. WuiUeumier, J. Phys. B
13, 3993 (1980).

N2
U N + hi/

. (1)
..

A coincidence between hi/ and N + in eq(l) is measured
to discriminate the DIE from other processes. Since
N2 is one of the most important molecules with manyelectrons, the coincidence technique1)i2)mentioned above
has been applied to this molecule.
The excitation
spectra of DIE of H2 have been also measured with the
same method and are also presented here.
Experiment
The experimental apparatus is composed of a fluorescence photon detector and a time-of-flight (TOF)
mass spectrometer at the opposite side of the photon detector. The detection system was set on a table which was rotatable around the dispersed the synchrotron radiation (SR) from a 24 m spherical grating
monochromator at the beam line BL-3B. A fluorescence photon emitted from an excited fragment was
detected by a microchannel plate (MCP) coated with
Csl behind a LiF window in coincidence with a fragment ion detected by an MCP of a TOF spectrometer.
The measurements have been carried out at the angles
of the detection system parallel (0=0°) and perpendicular (0=90°) to the polarization vector of SR beam.

N2<9=0°

•§

•
o

•••

I
u
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Figure 1. The excitation spectra of DIE of Na obtained at 9=0°
aud 0=90° (•). Present excitation spectra have been normalized
to the photoionizatioa cross sectious for the '2o-~l 2 Ep state 3 '
(O) at 48 eV for ease of comparisou.

Results and Discussion
The excitation spectra of DIE of N2 obtained in
the coincidence measurement at 0=0° and 0=90° are
shown in figure 1. Partial-channel photoionization
cross sections into 2a" 1 2E+ band3) are also shown
in figure 1. The good agreement of the energy dependence of the excitation function with that of the partial

40

50
60
Photon Energy (eV)

70

Figure 2. The excitation spectra of DIE of H2 obtained at 0=90°.
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result in terms of the Coulombic effects of the core
hole on the localized B 2pz state. Our discussion
is very analogous to the analysis for the / a n d d
electron systems with respect to the interaction
between localized states and the core hole.

Introduction
Spectator emission appears when a core hole
is radiatively filled with the valence electron
rather than the excitonic electron under
excitation at absorption threshold. At excitation
energies above the threshold normal emission is
observed. In hexagonal boron nitride (A-BN),
the B Is spectator emission spectrum has a
sharper feature than the normal emission
spectrum." However, their difference has not
been discussed from the aspect of the anisotropy
of the emission. To make this point clear, we
investigated the anisotropy of the spectral feature
of these B i s emission in A-BN and found that the
difference comes from the absence of K emission
from spectator emission.

We are grateful to Prof. Y. Kayanuma of
Osaka Pref. University for valuable discussion.
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Experimental
The experiment was carried out on BL-3B of
the Photon Factory, using a soft-x-ray emission
spectrometer.-' The resolution of the primary
beam was set to 0.5 eV at 190 eV with a photon
flux of about 10'Vs. The spectrometer was
equipped with a multilayer rotating analyzer
based on the Brewster reflection. A M0/B4C 199
layers in total fabricated by magnetron sputtering
was used in this study. Its peak reflectance was
about 18% at 180 eV with a FWHM of about 3 eV.
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Results and Discussion
Figure 1 shows the B Is normal emission
spectra obtained under excitation at 198.0 eV.
The open circles and the solid circles denote the
spectra obtained when observed along the
direction parallel and perpendicular to the c axis
of the sample, respectively. Both the spectra are
shifted to fit to each other over the range from 166
eV to 180 eV, where the emission is composed of
only o component. The spectral difference is also
shown in the figure with crosses. It has a peak
at about 184 eV, which is due to n emission.J)
Figure 2 shows the spectator emission spectra
measured at 191.5 eV. The two spectra show
little disagreement above 182 eV. It is evident
that the n emission component is absent from
spectator emission. This is the primary reason
for the disagreement between the spectator and
normal emission spectra. We also confirmed this
result by measuring the polarization degree of the
B Is emission using the multilayer rotating
analyzer. We have discussed and explained this
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Introduction
Soft-x-ray absorption spectra of many
insulators exhibit a sharp feature at threshold,
which is due to a core exciton. The core exciton
radiatively relaxes by direct recombination,
emitting photons of the same energy as it is
excited. Therefore, when an exciton is excited
with monochromatic soft x-rays, elastic scattering
(Rayleigh) and diffuse scattering due to surface
roughness are also involved in the emission
spectrum. However, it has not been made clear to
what degree the exciton luminescence contributes
to the emission under resonance excitation. In
this study, we have estimated the ratio of the
luminescence component to the elastic scattering
for hexagonal BN (A-BN) by measuring the
polarization degree of the emission using a
multilayer polarizer based on the Brewster
reflection. A-BN is an insulator of a layer
structure. The bottom of the conduction band
consists of 7u orbital. The B Is exciton
luminescence straightforwardly reflects the
electronic property of the conduction band
minima because of the dipole selection rule.
Therefore, the dipole of the Ls exciton
luminescence is parallel to the c axis. On the
other hand, polarization of the incident soft x-rays
is conserved by the elastic scattering.

providing a definite evidence for the presense of
the core exciton luminescence.
We have
estimated the intensity ratio of the exciton
luminescence to the elastic scattering on the
following assumptions:
1. The B i s exciton is created by the polarization
parallel to the c axis, and it emits TC emission on
the radiative recombination.
2. The elastic scattering conserves polarization of
the incident soft x-rays, while the diffuse
scattering loses the memory.
From these, we obtained the ratio of the exciton
luminescence to the elastic scattering to be 4.4 : I.
This means that the exciton luminescence may be
a primary process in the resonance excitation of
the core exciton in /j-BN.
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Experimental
The experiment was carried out on BL3B of the Photon Factory, using a soft-x-ray
emission spectrometer equipped with a multilayer
rotating analyzer." The resolution of the primary
beam was set to 0.5 eV. and the polarization
degree was estimated at ~ 67% (the intensity ratio
of horizontal to vertical was ~ 5 : 1) at 180 eV. A
Mo/C 101 layers in total was used in this study. It
was fabricated by magnetron sputtering.

360

Fig l

Results and Discussion
The outputs intensity of the rotating
analyzer recorded for its azimuth angle is shown
in Figs. 1 and 2, where the c axis of the sample
was vertical and horizontal, respectively (see the
inserts). At azimuth angles of 0 and 180
vertical polarization was measured, while at 90
and 270 , horizontal component was obtained.
For both the sample geometries, the polarization
component parallel to the c axis are remarkable.
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Introduction
When a molecule absorbs a photon in the wavelength region corresponding to an electron in its innervalence orbital, mutiply excited states or ionic satellites are produced. These states are of great interest experimentally and theoretically in terms of electron correlation. Though N2 is one of the simple
molecules, Nj states or Nj states lying higher than
ca. 25 eV have not been fully understood. Our research group has measured undispersed vuv fluorescence excitation spectra1) and coincidence spectra2)-3)
between N + and a photon from N* produced by the
photodissociation of Nj to understand high-lying N2
or N^" states. In this experiment, we have measured
the yield spectra of dispersed vuv fluorescences from
excited fragments which are produced by the dissociation of N2 in the energy range between 37 eV and 68
eV.
Experiment

metry. T h e same E^ dependance between 37 eV <
Ea < 50 eV of all four results in Fig. 2 (a) - (c) indicates the fluorescences measured in this experiment
have the same origin as that of Kitajima et aL 3 ) In
the region of Eex > 50 eV, our result differs from that
of Kitajima et al. 3 ) . This indicates some dissociation
channels may open. T h e fluorescnece yield in Figure
2(a) gradually decreases as Eex increases above the Eex
of 60 eV. On the other hand, the fluorescence yield of
N + ( 2 p 3 3 D —>3 P ) becomes constant. This discrepancy
may be ascribed to the dissociation of N2,"*"" —> N + * +
N+*.
References
Ukai et al., Phys. Rev. A 4 6 , 7019(1992).
2)
M Kitajima et al., J. Phys. B. 2 8 , L285(1995).
3)
M Kitajima et al., ,1. Phys. B. in press.
Ntts'P)

Synchrotron radiation from a 24 m grazingincidence spherical-grating monochromator at BL-3B
was intersected with N2 gas in a cell and fluorescences
from the gas were dispersed by a secondary monochromator equipped with a holographic 1200 lines/mm
grating with a curvature radius of 20 cm at a dispersion
angle of 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.
Results and discussion
Figure 1 shows the obtained fluorescence spectrum
at the excitation energy E^ of 60 eV. Peaks can be assigned to transitions indicated in Figure 1. The most
intense peak is the fluorescence of N(3s"P) -* N(4S)
and this is also the same in other Eex values. Partial
fluorescence yields of N(3s4P -• 4S) and N+(2p33D ->
3
P) are shown in Figure 2(a) and 2(b), respectively.
Figure 2(c) is the total fluorescence yield obtained by
adding whole counts of a fluorescence spectrum at each
Eex. In Figure 2(c), the excitation function of the
photon-ion coincidence yield3) is also presented. Kitajima et a/.3) concluded their excitation function showed
the dissociative ionization excitation of the 2a" 1 2E+
state coupled with correlation states in the 2E+ sym-
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Figure 1 The fluorescence spectrum at Eex : 60 eV.
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Figure 2 The fluorescence yield of (a); N(3s*P),
(b); N + (2p 33 D). (c) —; The total fluorescence
yield, •; The excitation function of the photonphotoion coincidence yield.
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INTRODUCTION
The mechanism of "giant resonance" in photoionization of atomic lanthanides has been discussed and
is currently being investigated intensely. Becker et a I.[I]
reported a difference in the ionization characteristics
between the 4d—»4/ "giant resonance" and the 3</—»4/
transition for Eu. They ascribed this difference to the
"collapse" of the 4/wave function; the 3d hole increases
the effective charge of the nucleus and makes the inner
well of the double-well potential for the excited 4 /
electron deeper than in the 4d hole case, therefore the 4 /
wave function is almost localized inside the potential
barrier. In this sense, 4d—>4/photoexcitation of ionic Eu
can show a difference from the neutral Eu case, since a
change of the charge state can affect the "collapse" of the
4/wave function. In this connection, it should be noted
that the half-filled 4/subshell is common to neutral Eu
and Eu+, i.e. the ground state configuration of Eu+ is
considered as [Xe]4/76^1 'S while that of neutral Eu is
[Xe]4/76s2 8S. In this report, we present photoionization
of Eu+ into Eu2+ and Eu3+, which will provide further
information on the mechanism of transition and
ionization of Lanthanides.

was kept lower than 5x 10

Torr.

RESULTS
Experimental results are shown in Fig. 1. The data
have been calibrated for ion current, photon intensity and
efficiencies of the detectors. Despite the change of the
effective charge, structures of both Eu2+ and Eu3+ yields
look very similar to the total photoion yield spectrum of
neutral Eu [3]. A broad "giant resonance" peak appears
at above 136 eV with some preceding peaks at 131.5,
132.8 and 134.7 eV. At present calculations for Eu+
states are not available, so the transitions corresponding
to the preceding peaks are not known. It is worth noting
that the "giant resonance" observed in the Eu2+ yield
spectrum has two obvious split peaks at 139.2 and 140.2
eV and this is not observed in the photoion yield spectra
of neutral Eu. State calculations for Eu+ are now in
progress. The resonance peaks will be identified and an
interpretation of these transitions will be presented in the
near future.

EXPERIMENTAL
The measurements were done at the beamline BL-3B
of the Photon Factory and the experimental setup was the
same as described in Ref. 2. Briefly, Eu+ ions were
produced by a surface ionizer combined with an oven,
and extracted with 2 kV acceleration. These ions were
deflected 90 degrees by an electrostatic quadrupole and
merged into the photon beam. After passing a 15-cm
reaction region which was biased by about 800 V, the
ions were demerged and charge analyzed by electrostatic
parallel plates. Eu2+ and Eu3+ produced in the reaction
region were introduced into two small windows on the
end plate of the charge analyzer, and detected by channel
electron multipliers. Ion current and photon intensity
were monitored by a Faraday cup settled at the analyzer,
and a photodiode located at the end of the chamber,
respectively. The vacuum of the experimental chamber
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Fig.l. Photoion yield spectra of Eu+
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Introduction
A method of white X-ray magnetic diffraction(WXMD)
was developed early in 1990's1' and has been successfully
applied to magnetic form factor measurements of Fe,2)Ni,3'
HoFe/' and UTe.S) The cross section is proportional to the
specific polarization factor fP which depends on the
vertical beam divergence ay. of a storage ring.1' The value
of a ^ B j i r a d at BL3Ci was evaluated by the WXMD experiment of Fe in the previous report,6' where the magnetic
form factor of Fe is assumed to be that of band theory.
The purpose of this study is l)to re-evaluate the cry,
value by a method independent of the form factor of Fe,
and 2)to apply the value to magnetic form factor analysis
of Fe where the emphasis is laid on data in high k (=
sin6A.>lA"1) region which have not yet been observed.

SPECTRA with ay,=13nrad. In Fig.2 are plotted the observed p.(k)/n(k) values, and theoretical values of APW
band calculation and the neutron diffraction data.8' From
Fig.2 it is shown that l)agreement between three kinds of
data is good in 0<fc<lA~\ 2) new experimental data are
obtained in l<k<2k~l by WXMD, and 3)agreement
between WXMD data and theoretical values is good aslo
in high k region of l<k<2k'1. These results may confirm
usefulness of WXMD at BL3C,.
oy<nrad)
12.5

Firstly we have measured X-ray intensities diffracted at
a single crystal of Fe with a fixed scattering angle of 90°
and various viewing angle 6's of incident beam above and
below the orbital plane of the storage ring. From this
measurement we have obtained a profile of photon flux
density which is effectively vertically polarized (so-called
vertical photon flux density7)) as a function of 6.
Secondary we have measured the flipping ratio(magnetic
effect) R of diffraction intensities of (AA0XA=l,2,-,8) and
(hhhXh=2,4,6) reflection planes of single crystal Fe. The
experimental configuration and a part of the data ((220)
plane) were already reported.6' The specimen was magnetized along <100> axis. An angle between the directions of
the incident X-rays and the magnetization of the specimen
was 45° for (MO) planes and 80° for (hhh) planes.
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Results and Discussion
The integrated diffraction intensities of (hhO) planes
(h=3~7) are plotted in Fig.l together with the calculated
vertical photon flux density using SPECTRA7' for various
oy. values. Both the observed and calculated values are
normalized by their minimum values. In Fig.l the observed profile is well represented by the calculated one of
ay,=l3\imd, which has confirmed the previous result.6'
The ratio of magnetic form factor \u(k) to charge form
factor n(k) is expressed as \x(k)/n(k)=R/(jgfisma.) for Fe
(&=sinO/X. and g is the energy term1') and is obtained
directly from the observed r and calculated f? by
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Based on an experimental result on disappearance of the Laue spots of the downward x-ray diffraction
(2 9 B s 90° . Hereafter, abbreviated as DXD.) in solid helium as a motivation, a radically modified
Debye-Waller factor and a modified Bragg law, considering the recoil scattering and its Doppler
effect, could be obtained. Since k B 0 D <E R (recoil energy) in solid helium in contrast with the reverse
inequality in almost all materials, the fraction of recoil-free diffraction is extremely less than one
which is one of main causes of disappearance of the Laue spots of the DXD.
Recoil Enrgy

1. INTRODUCTION
Peculiarities of solid helium as quantum
crystal have shown many kinds of anomalous
behavior not only in solid state physics but also
in x-ray diffractometry. All most of the quantities
relevant to x-ray diffraction are larger or smaller
nearly in one or two order of magnitude basically
due to the smallness of the atomic number Z. A
diffractometer used for x-ray topographs from
the downward diffraction in addition to the
forward one (FXD) was elaborately constructed
in order to investigate the spatial structures of
lattice defects in solid 3He and "He [1]. The details
of the experimental results and their analysis in
consideration of the recoil Thomson scattering
are presented [2].
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Fig. 1. ER vs photon energy 4 to30 keV at BL-3C2.
2. Discussion on the proposed Debye-Waller
factor
Based on an experimental result on
disappearance of the Laue spots of DXD, a
radically modified Debye-Waller (D-W) factor
considering the recoil scattering could be obtained
as
12ER
f(n=0)=exp
sin 4 6 B (1)

recoil energy ER of free 3He, 4He and S7Fe atoms
plotted against the photon energy from 4kV to
30keV at BL-3C2. The scale of ER is shown in
both unit of meV and K. The arrows show their
Debye temperatures.
Scattering angle dependence of the recoilfree fraction in x-ray diffraction is proportional
to sin48. This comes from the Doppler effect due
to the recoil velocity of the direction of emission.
In usual D-W factor, it has been considered that,
since the period of the atomic vibration is about
1012 sec and that of X-rays nearly 10 18 sec, the
snapshot shutter is rapidly released with a speed
of about 10s times per sec. Therefore, the
temperature factor indicates a degree of blurring
of the atoms as a subject disturbed by heat,
convincingly assuming that the Thomson
scattering is perfectly elastic without recoil.

kBeD

where

w=

cxp %•'o

1

the recoil energy, OD the Dcbyc

2m
temperature The D-W factor in the backward
x-ray scattering ( 6 B s 90° , BXD) at T=0K is
defined by f(n=0)=exp[-(3ER/kB©D)], which
depends on only the ratio ER/kBQD. Fig. 1 shows
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The difference of wave-length in Pendelloesung beat, which occurs by slight frequency shifts of
incident X-ray could become to be 1.4 • lC'Aby using Kato-Lang's fomula [1] from the (200) plane
in GaAs. From a modified Bragg law, the same quantity is derived in order of 0.5 • W6 A, which
agrees very well with the value of GaAs from Kato-Lang's fomula [1].
1. Introduction
Pendelloesung beat, as recorded in writing,
occurs by slight plus and minus shifts of incident
X-ray frequency due to recoil. This means that
the Bragg diffraction is essentially inelastic
scattering. The reaction of the recoil is effectively
caught by almost all constituent atoms bound
rigidly in a crystal and it might be satisfactorily
described by the Debye-Waller factor in eq. (1)
of the preceeding paper [TJ. By using this eq.
(1), the fraction of recoil-free bckward,
downward and forward x-ray diffraction f(n=0)
(abbreviated as BXD, DXD and FXD,
respectively) are estimated for 3He, "He and 57Fe
at 12.4keV and OK in Table I as follows:
3

He
4
He
Fe

BXD
5.0 • 1 0 "
4.9 • 1 0 1 4
0.899

DXD
8.4 • 1 0 7
4.7 • 10" 4
0.973

lattice spacing. Here, along with precedent of
Moessbauer effect [3], the RPCR 8, which is
defined by the ratio (np I ns) of the number of
incident photons (np ) to that of atoms in a
specimen (ns}) plays the major part of role for
the Debye lattice model. The 8 by using GaAs
of 200 Jim thick by 10 mm square volume is
estimated to be 8.32 • 1012 at 27m downstream
from the light source point in BL-6C,. The
multiplicity p expressed by the ratio (/ / d^) of
thickness of sample (/=200|xm) to a concerned
lattice spacing ( d ^ =2.82 A for GaAs) is
obtained to be 7.1 • 105. Therefore, AX ( s
XSZ/d^o) from the new Bragg law in eq. (1) is
nearly equal to 0.5 • lO^A.
On the other hand, the beat is formed
from two distinct waves (co, and co2). Then, the
period of the beat could be expressed as

FXD
1
1
1

The values f(n=0) for solid helium are extremely
less than one which is one of main causes of
disappearance of the Laue spots stated in [1],
since ^ G ^ E R in solid helium in contrast with
the reverse inequality in almost all materials.
Here, "n=0" corresponds to the recoil-free XD.
Therefore, l-f(n=0)[ =f(n ^0)] is the fraction of
recoil XD [2]. Since XD is a hybrid of recoil
and rccoil-frcc scattering, a modified Bragg
condition was introduced and examined by
Pcndcllocsung beat.

^1^2

2K
x=

=•

Therefore, ex is defined as wave-length of beat,

X

LL , where X, is equal to 2t0,
AX
which is extinction distance defined by Kato and
Lang [1]. In case of 200 reflexion of GaAs,
extinction distance (t0) near to Ga K-cdgc is
estimated to be 50[xm. If X ^ X ^ l ^ A, the
difference in the wave-length (AX) becomes
approximately 1.4 • 10^ A in order of magnitude.
Details will be published clscwhcre[2].

2. A modified Bragg law and its examination
of wave-length difference of the Poendel beat.
Based upon the corpuscular character of
light, a radically modified Bragg law was deduced
as follows [21;
2dsine D =nX(l+6) P =nMl+po) (8<1) (1)

REFERENCES
[1]N. Kato and A. R. Lang, Acta Crys. 12(1959)
787. [2]T.Nakajima, to be submitted in Phys.
Rev A. [3]R. L. Moessbauer, Z. Physik 151
(1958) 124, Naturwissenshaften 45 (1958) 538

where 8 is tfie rate of partial charge of the recoil
(RPCR) as a newly introduced parameter, p the
multiplicity of scattering defined by l/dm. Here,
/ is thickness of the sample, d^ the concerned
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Introduction
The beam lines of BL3CJ and BLSC^hereafter 3C, and
30^) utilize the radiation emitted from the same bending
magnet B3 at the Photon Factory. The difference between
3C, and 3(2^ is in the distance L from the tangential point
of the electron beam at the magnet. The value of L is,
21m for 3C, and 38m for 3Q.
From the white X-ray magnetic diffraction(WXMD) of
Fe at 3Cj we obtained a profile of i?(flipping ratio of
(220) diffraction) as a function of viewing(observation)
angle 9, and evaluated the vertical beam divergence ay. of
3Cj with use of SPECTRA2' assuming the magnetic form
factor of Fe to be that of band theory.3' The notations are
referred to ref. 3). This value is confirmed by another
method independent of WXMD of Fe.4'
The aim of this report is 1) to perform the WXMD
experiment of Fe at 3 ^ , 2) to evaluate the ay, value of
3 Q and 3) to investigate whether the evaluated ay, is
dependent on L or not.

and 3C^ utilize the radiation from the same bending
magnet. Why are the ay. values different? In SPECTRA it
is assumed that the observation point is infinitely distant
from the tangential point. So the oy, values evaluated
above is not proper one for B3 but effective one. The
effective oyy,
may be related to the proper emittance
values of ay, and oy(vertical beam size) as, (a/efl)2=
(ay,)2+(ay/Z,)2. From the values for 3 ^ I=38m, ay^=
ll|irad) and those for 3C,(L=21m, ay.eff=13^ad) we obtain
the proper values for B3 as, ay,=10nrad and ay= 170(im.
In conclusion we propose a method to evaluate the beam
emittance of oy, and oy by means of WXMD.

ffi

"i—i—i

0.005 -

Fig. 1

0C

O BL3G,
9 BL3C,
— calculated for
o y ,=llnrad

o-

-0.005 i
-0.05

Experimental
We have measured the flipping ratio(magnetic effect) of
the (220) diffraction intensity of a single crystal Fe for
various 0's at 3(2^. The experimental configuration is the
same as was shown in ref. 3). The oy, value for 3C^ is
evaluated by comparing the observed profile of R(Q) with
the calculated ones of various o
y,.

6

0
0.05
(mrad)

[x10-- 77 ]] 1 0

Fig. 2
O BL3C,
% BL3C,

Results and Discussion
The observed profile R(Q) for 3C^ is plotted as open
circles in Fig. 1 together with the one for 3Q as solid
circles. In Fig. 1 we see that the R values for 3 Q are
slightly larger than those for 3Q.
In order to evaluated ay, precisely we calculate the sum
of square of residuals, i?£5=E(i?^(e)-i?jol>s(e))2, and plot
them as a function of ay, in Fig. 2. We see that the RES
curve for 3 Q has its minimum at c y l l u j a d which is
clearly different from the value of oy^»13ujad for 3C,.
There might be two possible reasons for the difference
in oy. for 3Cj and 3(2^. The one is change of the beam
property itself. The experiment of 3 Q was made more
than one year before the one of 3^. The other is the
effect of L on ay.. However we cannot exclude the former
possibility, we proceed the analysis based on the latter.
If the beam property does not change, the values of ay.
for 3C, and 3(2^ should be equal to each other because 3C,

10
o y . (urad)
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SELF-ABSORPTION EFFECTS ON XAFS OBTAINED WITH X-RAY EXCITED
OPTICAL LUMINESCENCE DETECTION
Shinjiro HAYAKAWA, Takehide HIROSE and Yohichi GOHSHI
Department of Applied Chemistry, School of Engineering, University of Tokyo, Tokyo 113, Japan.
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Introduction
X-ray excited optical luminescence (XEOL) is
originated from the excitation of a core electron.
When incident x-ray energy dependence of
XEOL yield is measured, a yield spectrum shows
fine structures around the absorption edge similar
to those obtained with conventional transmission
measurements. Though XEOL detection has
potential in realizing chemical state selective
XAFS, spectral deformation is sometimes
reported and the mechanism is not clear. In this
study deformation of XEOL yield spectra was
discussed in terms of self-absorption effects.

1) T. Hirose, S. Hayakawa and Y. Gohshi, Adv. in X-ray
Chem. Anal. Japan 27, 245( 1996).

Grating
monochromator
Photomultiplier Tube

Figure 1. Experimental set up.

Experimental
Experiments were carried out on the BL-4A
(Figure. 1). Monochromatic x-rays were used for
excitation and grating monochromator and photo
multiplier tube are used for detecting
luminescence from a sample. A sample is placed
under atmospheric condition at room temperature.
Two types of samples are used; one is thin
sample fixed onto the adhesive tapes and the
other is pellets fabricated with the conventional
KBr pelletizer. Mixture of the fluorescent
materials were used to balance the attenuation of
incident x-rays through the sample matrix.

1.25

10160

Results and Discussions
Figures 2 and 3 show XEOL yield spectra
obtained around the W LI 11 edge. ZnS data were
obtained by detecting the luminescence of 575 nm
and CaWO4 data show yields of 430 nm. It is
clearly shown that the XEOL yield from CaWO4
shows fine structures similar to XAFS obtained
with conventional methods and that the
luminescence yield of ZnS is constant around the
W L edge. However, negative jump of ZnS
XEOL yield can be observed around the W L
edge with a thick sample. Theoretical calculations
of XEOL yield profile were carried out
considering the attenuation of both incident xrays and luminescence, and the negative jump of
XEOL yield can be well explained[l]. It can be
concluded that self-absorption effects may
deform the data when the sample is thick and is
transparent to the luminescence, it is strongly
recommended to prepare thin samples to measure
the reliable XAFS with XEOL yield method.

10200
X-RAY ENERGY / eV

10240

Figure 2. XEOL yield spectra from the thin film
of mixtures of ZnS and CaWo4 around the W
LIII edge.
1.25

10170
10200
10230
X-RAY ENERGY / eV
Figure 3. XEOL yield spectra from the thick
sample (pellets) fof mixtures of ZnS and CaWo4
around the W LIII edge.
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VARIATION OF BODY STRONTIUM CONTENT IN METAMORPHOSING LEPTOCEPHALI
Tsuguo OTAKE1). Kenji OKOSffl2), and Toshiaki ISffll3)
1) Ocean Research Institute, University of Tokyo, Tokyo 164, Japan, 2) Senshu University of
Ishinomaki, Miyagi 986, Japan, 3) National Institute of Radiological Sciences, Ibaraki 311-12, Japan
Introduction

Results and discussion

Anguilliformes fishes 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 elver. 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
30 Conger myriaster leptocephali of full grown and
metamorphic stages, collected in the coastal waters of
Oarai, Ibaraki Prefecture, Japan, in April - July 1995, were
used for this study. Cryo-cross-sections (75um 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 5O0x5OOum2.
For two dimensional analyses samples were scanned
horizontally with 36-50 points, vertically 21-50 points
(200-250um step size). Each point was exposed for 10
second. Exposure time for point analyses was 1000
seconds. Each count 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

Relative intensity of Sr in gelatinous matrix decreased
with progress of metamorphosis of the leptocephali
(Fig. 1). No significant changes were found in Sr intensity
of muscle and intestinal organs, although the intensity
showed rapid rise in notochord in late metamorphic stage,
which related to bone development. Relative intensity of
Sr in gelatinous matrix was higher than those of other
tissues in leptocephalus and early to middle metamorphic
stages (Fig.2). Those findings seem to suggest that GAG
dynamics is involved in the changes in Sr content of tissues
in leptocephali. We thank Dr. A.Iida for helping the
SRXRF analysis.
50
Fig.l Changes in
relative intensity of
Sr in gelatinous
matrix.
Metamorphosis
proceedsfromright
to left along the xaxis. The criterion
of metamorphic
stages are shown as
the ratio of preanal
0.4
0.6
0.8
length
to total
PAL/TL
length (PAL/TL).
The value of leptocephalus and elver are about 0.90 and 0.3S,
respectively. Linear regression is described by
Relative intensity of Sr = 37.7x(PAL/TL) -1.75 (R2=0.415)

2.5

0.6
0.8
PAL/TL

1

Fig.2 Relative intensity of Sr in matrix / those in other tissues
(muscle(H), notochord( A), intestinal organsO)) ratios. A dashed
horizontal line indicates the equality in Sr intensity between matrix and
other tissues.

Reference
1) T. Otake, et al., Mar.Ecol.Prog.Ser.112,189 (1994)
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DISTRIBUTION OF MERCURY AND RENAL DAMAGE IN THE KIDNEY OF THE
MERCURY-TREATED RAT BY SR-XRF IMAGING WITH X-RAY MICROPROBE
Shino HOMMA-TAKEDA1), Yoshito KUMAGAI1), Masaru SHINYASHIKI2*
Izumi NAKAI3), and Nobuhiro SHIMOJO1)
^•'Department of Environmental Medicine, Institute of Community Medicine,
^Graduate School Doctoral Program in Medical Sciences, University of Tsukuba, Ibaraki 305,
^'Faculty of Science, Department of Applied Chemistry, Science University of Tokyo, Shinjuku-ku, Tokyo 162

Introduction
In our previous paper, we reported the two
1)
dimensional distribution of trace elements in
kidny of rats exposed to mercury ^'^\ There are
2)
some types of cells in kidney, such as glomerulus,
which involve in creaning waste materials from
3)
blood, proximal and distal tubules, which
reabsorpe minerals. Our rathional is what type
of renal cells are subjected to mercury attack. Xray microbeam was, therefore, used to resolve a)
this point.

References
S. Homma etal, PF Activity Report, 8, 60
(1990).
S. Homma et al., Biomed. Res. on Trace Elem.
2, 51-56 (1991).
A. Iida et al., Nucl. Instr and Meth. B, 82,
129 (1993).

Material and Methods
Mercuric chloride (HgCl2) was administered
to five male rats, 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 /an-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).
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
optics^). 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 pan., step
size, 5 /mi/step; counting time, 10 sec/point.
Results and Discussion
As shown in Fig. 1, mercury was
accumulated more in the renal tubules (Tl, T2,
T3, T4, and T5) than the glomerulus (G).
Among the renal tubles, the metal was higher in
the damaged proximal tubules (Tl and T2)
compared with the fine, undamaged proximal
tubules (T3 and T4), or distal tubules (T5).
The X-ray micro analysis used in this study
enables us to correspond the elemental
distribution to the pathological and histological
information. Therefore, this method appears to
be a powerful technique for medical research.

Fig. 1. Kidney section specimen (a and b), and
fluorescent X-ray intensity distribution of
mercury (c) of the HgCl2-treated rat.
G: glomerulus, Tl-4: proximal tubule
T5: distal tubule
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X-RAY FLUORESCENCE IMAGING OF TRACE ELEMENTS
IN REGENERATING SCALE OF FISH
Tomoyasu YOSHITOMI1, AtsuoIIDA2 and Yayoi IKEDA1
1. Department of Aquatic Bioscicnccs, Tokyo University of Fisheries, Kohnan, Minato, Tokyo, 108, Japan
2. Photon Factory, National Laboratory for High Energy Physics, Oho, Tsukuba, Ibaraki, 305, Japan

source of calcium for regenerating scale is the bones and
the other scales in the fish body as well as the
environmental water and the foods". The accumulation
of calcium in the regenerating scale occurs through the
blood. From the physiological point of view, it is
interesting tendency that calcium and other elements are
transported rapidly in the part of scale exposed ambient
water before the regenerating scale grows to the full size.
The results in this study presented that characteristic
distribution of trace elements in regenerating scale was
observed and the accumulation of elements showed
uneven distribution.

Introduction

Synchrotron radiation X-ray fluorescence (SRXRF)
imaging is an effectual method for non-destructive
analysis to obtain information on constituents of fish
scale. In recent study, elemental distribution of normal
fish scale was determined by this method". Analysis of
the inorganic composition of bone structure of fish as
indicators of its environmental changes have been
conducted2'. Scale can be regenerated in a short period of
time. Therefore, its intake of constituents by scale must
be accelerated. However, little is known about the
accumulation in regeneration of fish scale. In this study,
the authors try to clarify elemental distribution on
regenerating scale of fish by SRXRF imaging.
Materials and Methods
Carp (Cyprinus carpio), weighing 30g was used for
this study. The fish was maintained in a tank at a
temperature of 25±1°C, and was fed a diet of 1% body
weight per day. Scale was removed from above the
lateral line at the left side of fish body. After 15 days,
regenerating scale was sampled from the same position.
After drying, it was used for the analysis. Measurements
were made at BL-4A, Photon Factory, utilizing energy
dispersive SRXRF system with monochromatic X-rays
obtained by a Si(lll) double crystal monochromaior.
The energy of X-rays used was 18 kcV. Twodimensional analysis was carried out by mounting a
sample on the X-Z stage under the following conditions:
beam size=300/z mX300/i m, step size=150/<m/step,
counting timc=5 sec/pixel.

Fig. 1. Distribution patterns of elements:(upper right)Ca,
(upper left)P, (lower left)Zn and (lower right)Sr in the
regenerating scale of carp.
References
1) M. Ishikawa, A. Iida, T. Ishii, S. Hayakawa, K.
Okoshi, Nippon Suisan Gakkaishi, 57, 1813-1819
(1991).
2) G. Moreau, C. Barbeau, Can. J. Fish. AquaL Sci., 40,
1685-1691 (1983).
3) Y. Mugiya, Comp. Biochem. Physiol., 66A, 521-524
(1980).

Results and Discussion
The main elements detected were calcium, phosphorus,
zinc and strontium. The distribution patterns of the
elements in the regenerating scale are displayed in Fig.l.
Calcium was highly accumulated at the rim part exposed
to the ambient water, and it was decreased linearly
toward the basal edge through the focus of the scale.
Similar patterns were found for the other elements:
phosphorus, zinc and strontium. It is known that the
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X-RAY MICRO-DIFFRACTION CHARACTERIZATION OF LOCAL LAYER
STRUCTURE OF NARROW WALL IN SURFACE STABILIZED
FERROELECTRIC LIQUID CRYSTALS
Atsuo IIDA, Takashi NOMA* and Hirokatsu MIYATA*
Photon Factory, National Laboratory for High Energy Physics, 1-1 O-ho, Tsukuba, Ibaraki 305
*Canon Research Center, Canon Inc., Morinosato-Wakamiya, Aisugi, Kanagawa 243-01
Introduction
The layer structure in a thin surface stabilized
ferroelectric liquid crystal (SSFLC) cell 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
directions'). The zig-zag defect consists of broad and
narrow walls. We have reported the direct measurement of
the LLS of the broad wall and its response to the electric
field^) using synchrotron X-ray micro-diffraction. In this
report, the LLS of the narrow wall was studied
Experimental
The experiments were done on the BL-4A. An Xray microprobe system used was described elsewhere1 \
The beam size at the sample was about 5 x 5 \xm. The
position sensitive proportional counter was used to
measure the intensity distribution along the ^-direction.
The sample used was CS-1014 (Chisso). The
sample cell was prepared by sandwiching the FLC
material between two glass plates of 80 |im thick with
thin ITO electrodes on which the polyvinylalchol layer
was coated and unidirectionally rubbed.
Results and Discussion
For the narrow wall running nearly parallel to the
rubbing direction, two peaks appeared along the x~
direction: one (Pc) is in the plane of the incidence plane,
and the other ( P B ) is in the direction of % ~ 16°. The
rocking curves of those two peaks measured at the center
of the narrow wall are shown in Fig. 1. The P c appeared
T

at 9=±18.5° while the broad P B peak appeared around
6=0°. The P c peak is due to the chevron structure while
the P B peak corresponds to the pseudo-bookshelf
structure which characterizes the narrow wall.
For the narrow wall which makes an angle of
about 10° with the rubbing direction, a series of the %dependence as a function of the 9 angle at the narrow wall
center is shown in Fig.2. The peak angular position in
the x-direction depends on the 6 angle. The layer normal
at the narrow wall makes a larger angle (up to 30°) with
the rubbing direction and the layer bends both in the 9
and x direction.
l)N.Clark and T.P.Rieker, Phys. Rev. A37(1988)1053
2)A.Iida, T.Noma and H.Miyata, Jpn. J. Appl. Phys.
35(1996)160, A.Iida, T.Noma and H.Miyata, Photon
Factory Activity Report, #12 (1994)
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Fig.l X-ray rocking curves obtained at the center of the
narrow wall in the SSFLC cell. The peaks P B and P c
correspond to solid and dotted lines.
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Fig.2 X-ray intensity distributions along the x-direction
as a function of the 9 angle obtained at the narrow wall
center.
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A COMBINATION METHOD OF ONE DIMENSIONAL SR-XRF LINE ANALYSIS
AND GEL ELECTROPHORESIS FOR DETECTION OF MERCURY-BOUND
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Introduction.

ResultsaadDiscussion.

High affinity of mercury (Hg) for sulfhydryl groups has
been considered as a major factor in the metal and its
toxicity. In this study, with SR-XRF analysis combined
with
isoelectric
focusing-polyacrylamide
gel
electrophoresis (IEF-PAGE), we attempted to develop a
convenient procedure for detection of Hg bound to protein.
Metallothionein (MT) was employed as a model because
interaction of Hg with the metalloprotein has been
extensively studied.

The metalloprotein exhibited a broad pi ranging from 3.7
to 4.7 (Fig. lAa). Interaction of MT-II with relatively small
amounts of Hg (equivalent to 0.2 and 2 molar) caused little
migration of the pi although appreciable binding of Hg to
the protein was detected by SR-XRF (Figs. lAb, Ac, Bb, and
Be). In contrast, incubation of MT-II with 20 molar
equivalent of Hg resulted in a drastic change in its native pi
to alkaline pi 9.4. The migrated band corresponds well with
the peak of X-ray intensity data for Hg as shown in Figs.
lAd and Bd. It was confirmed that the CBB staining had no
effect on the SR-XRF analysis. The results of SR-XRF
coincide closely with those of FAAS, and the Hg
concentration in the Hg-positive area, where Hg is bound to
MT-II on IEF-PAGE, was estimated to be 0.1 fig. The
change in pi for MT-II by Hg was, however, blocked by
pretreatment with glutathione, suggesting that such
structural changes in the protein are due to modification of
the heavy metal.
The present procedure enables us to clarify the surface
structure change in protein by IEF-PAGE and Hg binding by
SR-XRF for the same sample. Also SR-XRF analysis
allowed us to analyze the metal on gel directly without
destruction, use of radio-labeled compounds and complicated
pretreatment. This method will, therefore, become a useful
technique for the better understanding of the interaction
between toxic metals and proteins.

ExpeiimsntaJLM6tOQds.
Reaction mixtures (80 fi\) consisted of 0.15 mM of
Purified rat MT-II, various concentrations of mercury
chloride, and 50 mM potassium phosphate buffer (pH 7.8)0.1 mM EDTA in the absence and presence of glutathione.
After incubations were carried out for 20 min at 25°C, each
sample was applied onto a slab polyacrylamide gel. IEFPAGE was performed according to the method of Sluyterman
and Wijdenes ^ .
The proteins on the electrophored gel were stained with
0.1% Coomassie Brilliant Blue G-250, destained with 10%
acetic acid-30% ethanol, and then washed with deionized
distilled water. SR-XRF measurements were made at BL-4A,
PF utilizing an energy dispersive SR-XRF system with
monochromatic X-ray. XRFline analysis was accomplished
by placing a resulting gel on a XY stage in the following
manner; energy of X-ray, 16 keV; beam size, 3 mm width,
0.3 mm high; step size, 0.3 mm/step; counting times, 10
sec/point.
The X-ray intensity data for the Hg La
fluorescence lines of each point were normalized by
converting the maximum X-ray intensity value to 1000.
After SR-XRF analysis, the gels were subjected for Hg
determination by flameless atomic absorption spectrometry
(FAAS).

References
1) L. A. A. E. Sluyterman et al., J. Chromatogr.,
150,31-44(1978).
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GRAZING INCIDENCE SR-XRF IMAGING OF METAL CONTAMINATION ON SILICON
USING A PINHOLE AND AN IMAGING PLATE
Kuang-Yu LIU, Yoshihiro KUDO, Seiji KAWADO and Atsuo IIDA*
Sony Corporation Research Center, Hodogaya-ku, Yokohama 240
* Photon Factory, National Laboratory for High Energy Physics, Tsukuba, Ibaraki 305
Introduction
XRF Imaging is one way of the element-distribution
mapping. In this method, for the purpose of improved
resolution, the primary x-ray beam size1) or the view size
of the detector2' is generally limited, and fluorescent x-ray
intensity is measured as the sample-stage is scanned.
We developed another simple method using a
pinhole and an imaging plate(IP). This method does not
require any sample-stage scanning system. Neither the
primary x-ray beam size nor the view size of the detector
(imaging plate) is limited. The resolution can be improved
by adjusting the pinhole size. Further, the grazing
incidence condition is available.

References
l)For instance, Ninomiya et al., Photon Factory Activity
Report #11(1993), p42.
2)For instance, Kuwahara et al.. Abstract of 30th Meeting
of The Discussion Group of X-ray Analysis(1994) 71-72
[in Japanese].
Fig.l Schematic diagram of the experimental arrangement
pinhole

(in the atmosphere)

(0. 3ran in diameter)

imaging plate

sample
\
double crystal
monochromator
\ \

Experimental Procedure
The experiment was performed at the beamline 4A in
order to obtain the distribution image of metallic impurity
contamination on a silicon wafer using the experimental
arrangement as shown in Fig. 1. The test sample was a
silicon wafer which was locally contaminated by dropping
a small amount of metallic impurity-containing solution
with a concentration of lmg/ml. The primary x-ray was
irradiated on the sample surface at an angle of about
2.5mrad(less than the total reflection critical angle of
12keV x-ray for Si), and the fluorescent intensity
difference between the contaminated area and the original
surface was projected on the imaging plate through the
pinhole. The imaging plate was processed by an IP reader
to obtain an element-distribution image. Measuring
conditions are shown in Fig. 2 and Fig. 3 .

contain i nat i on

Fig.2 Zn distribution and IP image
primary x-ray energy, 12 keV; exposure time, 5 min;
Zn concentration, about 0. lmg/contaminated area.
droplet

y

8mm x;

drying: ^ - ™ ~ x

' imaging ;

Fig. 3 Zn and Cr distribution and IP image
exposure time, 30 min;
metal concentration, about 0.00 lmg / each contaminated
area.
:
6mm
'• 5mm '•

Experimental Result
Figures 2 and 3 show element-distribution on the
sample surface and its IP image.
In Fig. 2, the contaminant is Zn and its distribution in
the area of 8mm in diameter is shown in the IP image.
The resolution evaluated from the pinhole size and the
pinhole and imaging plate positions is less than lmm
(see Fig. 1).
In Fig. 3, the sample surface was locally
contaminated in order of Cr, Zn and Cr. Cr and Zn
contaminants were detected by 12keV primary xray(Fig.3-a), but only Cr by 7keV primary x-ray (Fig. 3-b).
This result indicates that the difference between two
images, taken with the primary x-rays with energy higher
and lower than the absorption K-edge for a contaminant
element, provides the distribution of the element.

C r

primary x-ray energy
(a) 12keV

(b) 7keV
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DIFFRACTION FROM GROWTH BANDS IN PLAGIOCLASE CRYSTAL
Masaaki OHMASA, Kenji HAGIYA, Nobuhiko HAGA, Takasi ABE and Kazumasa OHSUMI*
Department of Life Science, Himeji Institute of Technology, Kamigori, Akogun, Hyogo 678-12,
Japan
*Photon Factory, National Laboratory for High Energy Physics, Oho, Tsukuba 305, Japan.
Introduction

for the experiments. Laue diffraction diagrams
were recorded on an imaging plate (Fuji Co.
Ltd.) and read out by the readout-system (DIP,
MAC Science Co. Ltd.) equipped to the
diffractometer.

The mineral plagioclase C a ^ a ^ A l ^ S i ^ O g are
commonly found in various kinds of igneous
rocks. Since those crystals grow from early
stage till late stage of solidification of magma,
reactions occurring in the process of cooling of
magma should be recorded in those crystals and
many kinds of complex texture reflecting events
in process of growth have so far been reported
for plagioclase feldspars. Oscillatory zoning is a
texture which is commonly observed under the
polarized microscope, associated with change of
x and supposed to be an indicator of variation of
environment of crystal growth.

Three zones were irradiated by a thin SR
beam (ty~2\im) and diffraction diagrams were
recorded. After indexing the Laue spots, the
axial ratios and the angles were refined by leastsquares method. The axial ratios and the angles
determined suggest that variations of x at the
points irradiated should be small.
Point

Since width of those zones varies from
several hundreds microns till several microns or
smaller than one micron and since low intensity
and poor parallelism are available with
conventional X-ray sources, no attempt has been
made to characterize each zone by X-ray
diffraction method. Thus the purpose of the
present studies is to characterize zonings in
plagioclase with SR.

a/b

c/b

a

P

Y

1

0.6374(2) 0.5561(2) 93.89(1)

116.46(1)

89.40(1)

3

0.6374(2) 0.5562(2) 93.94(1)

116.45(2)

89.39(1)

4

0.6371(2) 0.5559(2) 93.90(1)

116.48(2)

89.42(1)

Experimental
Since the chemical composition x of plagioclase
in granite is around 0.3 or less and the lattice
parameters vary continuously with x, a thin
section of granite from Makabe, Ibaraki Pref.,
was prepared for X-ray diffraction studies. The
thickness of the thin section is 30|im. The microarea diffraction system0 at BL-4B was employed

Fig.l Micrograph of zoned plagioclase from
Makabe, Ibaraki, under crossed polar. Bands
with different darkness correspond to oscillatory
zoning. Numbered dots correspond to the points
irradiated by SR beam.
References
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INTRODUCTION
Sr4Fe6Oi3 synthesized by Kanamal et al. (1972) was only
one phase with stoichiometries of Sr<Fe among the
perovskite and its derivative compounds in the Sr-Fe-O
system. Yoshiasa et al. (1986) proposed the reliable
structure model. However, because of overall weak
diffraction intensities from very small single crystal,
anisotropic temperature factors for all atoms were not
determined.

themselves, while Fe(2)-polyhedra only one edge. These
structural features probably yield a three-dimensional
magnetic property peculiar to this crystal.
Table. Interatomic distances for Fe-polyhedra (A)
Fe(1) -0(1)
-0(5)
-0(5)
-0(7)
-0(7)

EXPERIMENTAL
The synthesized Sr4Fe6Oi3 were transparent red-colored
microcrystals. Platy shaped single crystal (0.01x0.03x
0.1mm3) was used for experiment. Diffraction intensity
data were measured using weissenberg camera with
cylindrical imaging plate (DIP310SOR, Fa. MAC
Science) at the BL-4B station, PF, KEK with monochromated synchrotron radiation of wavelength 1.00A.
Weissenberg photographs were taken with rotation about c
axis of crystal; <>
j oscillation range of 0<28<160, $ speed
of 16°/min, rotation-traverse ratio of 2°/mm and 240
minutes exposure. The crystal was orthorhombic with
a=\ 1.278(3), 6=18.953(6), c=5.546(3)A and space group
was Ibal. Total 946 reflections in the range 0 ^ / t S l 6 ,
0 ^ * £ 3 5 , 0 S / S 3 were measured and corrected for
Lorentz and polarization factors assuming complete
horizontal polarized light. No absorption correction was
made because of very small specimen volume. Fullmatrix least-squares refinement with RFINE2 (Finger,
1969) using 301 independent reflections larger than
3a(Fo) resulted in convergence at an R index of 0.007 for
anisotropic temperature factors.

mean

1.823(4)
2.118(7)
2.009(5)
2.152(11)
2.085(10)

Fe(3) -0(1)
-0(2)
-0(3)
-0(3)
-O(4)
-0(4)

2.037
mean

Fe(2) -0(2)
-O(5)
-0(6)
-0(6)
-0(6)
mean

2.106(3)
2.297(3)
1.981(14)
1.894(14)
2.107(14)
1.939(14)
2.054

1.829(5)
2.239(5)
2.006(8)
1.777(5)
2.399(4)
2.050

0(7)

0(5)

Fig. Polyhedra and thermal motion of Fe and O atom.
Thick broken lines indicate shared-edges between
Fe-polyhedra themselves.

RESULT AND DISCUSSION
The structure is consisted of Sr2Fe2O6- and Sr2Fe4O7slabs arranged perpendicular to the fc-axis. Figure and
table show the local configuration around Fe atoms.
Fe(3)-distorted octahedron in perovskite-type Sr2Fe2O6slab shares apical oxygen with both Fe(l)- and Fe(2)polyhedra. Five-coordinated Fe(l)- and Fe(2)-polyhedra
in Sr2Fe4O7-slab are both described as distorted trigonal
bipyramid.
Fe(l)-polyhedra share three edges with

REFERENCES
1) F.Kanamaru, M.Shimada and M.Koizumi, J. Phys.
Chem. Sol., 33, 1169-1171 (1972).
2) A.Yoshiasa, K.Ueno, F.Kanamaru and H.Horiuchi,
Mat. Res. Bull., 21,175-181 (1986).
3) L.W.Finger, Carnegie Institution Year Book, 67, 216217(1969).
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FLUORESCENT-PHOSPHORESCENT ORGANIC CRYSTALS WITH VERY SMALL SIZES
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Introduction

Results and Discussion

Synchrotron Radiation allows diffraction experiments on very small single crystals ever
impossible because of the low divergence and
high brilliance of the beam. Structure analysis of organic microcrystal (200 x 120 /im)
has been attempted for a room temperature
long life time fluorescent-phosphorescent substance in order to investigate the relationship
between the structure and the properties.

Orientation matrix was determined from three
independent reciprocal points. The diffraction spots with / > a (I) and correctly indexed were assumed to be observed. Space
group was uniquely identified from the cell
constants and the extinction rule. Integrated
intensities were calculated by the method of
Takase and Ohsumi2). A total of 1502 intensities were observed of which 283 were independent, - 1 2 < h < 18, - 1 1 < k < 19, 0 < I < 4.
The structure determination is in progress.
Crystal data; P42 x c (No. 114), a = b =
20.19 A, c = 7.70 A, a = (3 = 7 = 90°,
V = 3139 A 3 .

Experimental
The crystals were synthesized as reported
elsewhere1'. It would not grow to the size
suitable for the conventional X-ray measurements. Diffraction data collection were carried out at BL-4B by equi-inclination Weissenberg method with Imaging Plate. Wave
length A = 1.198 A, camera radius 100 mm,
coupling constant 2°/mm. The equipment was
kept in vacuo (about 1 Pa) during data collection in order to reduce the air scattering. The
long axis of the crystal (c axis) was coincided
with the rotating axis, and the measurements
were carried out up to 4th layer, oscillation
range 150° for 1st and 2nd layer and 130° for
the other layers.

The authors express their thanks to Mr.
M. Uchida and Mr. N. Suda of Photon Factory for their assistance in data collection.
References
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2. T. Takase and K. Ohsumi, Unpublished
work, (1994).
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A NEW POWDER DIFFRACTOMETER FOR SYNCHROTRON RADIATION
WITH MULTIPLE-DETECTOR SYSTEM
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goniometer. One is the MDS for scanning a wholepowder pattern and the other is a conventional-type
single detector system for multi-purpose use (MPA).
The crystal analyzer [Ge (111) flat crystal] and
scintillation counter are equipped on respective arms
of the MDS.

Introduction
Synchrotron radiation light source becomes
indispensable for high-resolution powder diffraction
experiments. With increasing angular resolution,
however, a much smaller step sizes of say 0.002° is
required to record a whole powder pattern, and the
scan time required for data collection becomes
unduly long over a day. For solving a problem of
prolonged experimental time in diffractometer scan,
a multiple-detector system (hereafter called MDS),
which is to be used in a fiat-specimen reflection
geometry, has been devised. This new type of
detector system can be realized by adopting
asymmetric 28-scan technique at a fixed incident
angle in parallel-beam optics. An instrumental
design and results of test operation are described in
this report.

Experimental and Results
In the last summer, a new experimental hutch (BL4B2) was constructed and a focusing mirror was
installed between the monochromator and the
diffractometer on the BL-4B. Test operations of
diffractometer were conducted at the BL-4B station
before and after construction. Monochromatic beam
was obtained by a water-cooled double-crystal Si
(111) monochromator. The full-width at halfmaximums as a measure of the angular resolution
were 0.030 and 0.022° for the (111) reflection from
Si with and without mirror, respectively. The
corresponding peak maximum intensities were more
than 40,000 and 100,000 counts/s, respectively. The
whole powder pattern of Mg2SiO4 in the 28-range of
130° could be step-scanned at a step interval of
0.004° (28) in just 4 hours. Whole-powder-pattern
decomposition and Rietveld refinement of Mg2SiO4
were conducted, and accurate structural parameters
were obtained by the MDS data (Toraya, Hibino &
Ohsumi, 1996).

Instumentation
Fig. 1 shows a photograph of diffractometer. In
parallel-beam optics, specimen-displacement-type
abberations are eliminated, and the asymmetric 26scan at a fixed incident angle by decoupling 8 and 29
axes does not degradate the diffraction profile (Hart,
Parrish, Belloto & Lim, 1988; Hart, 1992; Toraya,
Huang & Wu, 1993). Thus, a number of detectors
can be set at any 20 angles on a goniometer circle,
and they can be functioned simultaneously. The
diffractometer has two kinds of detector system on a

FWHM C)
0.10

0.08

0.06 -

0.04

0.02 -

140

28

Fig. 2. Angular variation of FWHM of the diffraction
profiles from Si powder measured without mirror.
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Fig. I. A new diffractometer with MDS and MPA.
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The relationship between the disorder and the large residual
resistivity should be investigated in detail. Temperature
dependence of the diffuse scattering at low temperature
would be surely informative.

Introduction
CeInCu2 is a heavy fermion com pound which is known to
have a cubic, Heusler-type structure. Anomalous large
residual resistivity and a small T2-term in the resistivity
are the distinctive properties of this substance[l,2]. Some
structural disorder should be the origin of such a peculiar
electric behavior. We tried to seaivh the diffuse scattering
which might give us the key to solve the problem.
Experimental
Measurement of diffuse scattering was performed at
BL-4C, by using a four-circle dffractometer at room
temperature. A mesh scanning method was adopted to
collect the intensity distribution in a restricted volume in
reciprocal space. Rod-shaped diffuse scattering was clearly
observed from 002 Bragg point to 113 Bragg point and
along other equivalent directions in reciprocal space
(Figure 1). This scattering also indicates a weak intensity
modulation along the [111] direction (figure 2) which
suggests that the structural disorder has a quasi-periodic
character of the order of 5 - 6 nm.

Fig. 1 Contour map of diffuse scattering in 110 plane.

Results and Discussion
In the present study, an analysis of the diffuse
scattering has been performed under the assumption of
structural disorder in a linear -Ce-In-Ce-In- chain along
the [111] direction.
For the Ce-site next to the disordered In-site, i.e. Ce
atom occupied, obtained order parameters indicate more
than 85% occupancy by In atom. In addition, such a
disordered cluster tends to form a one-dimensional lattice
with an approximate period of 5 - 6 nm. The value of the
period agrees with the one estimated from the period of the
intensity modulation shown in Fig. 2.
In conclusion, we found the diffuse scattering which is
an evidence of short-range order of the structural disorder.
It would be responsible for the large residual resistivity.

0.0

0.2

0.4

0.6

0.8

1.0

Fig. 2 Diffuse scattering along the line from 002 to 113
Bragg point.
References
|1] Y. Onuki, T. Yamazaki, A. Kobori, T. Omi, T.
Komatsubara, S. Takayanagi, H. Kato, and N. Wada, J.
Phys. Sex-. Jpn., 56, 4251 (1987).
[2| R. Lahiouel, J. Pierre, E. Siaud, R. M. Calera, M. J.
Benus, J. P. Kappler, and A. P. Murani, Z. Phys. B67,
195(1987).

53

94-G105
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Introduction

respectively. These features resemble very well to the

In general it is considered that most part of the

observations of the SiO2/Si(001) samples, indicating that

thermal oxide layer on Si substrates has an amorphous

the crystalline SiO2 is distributed all over the oxide layers.

structure and crystalline phase exists just close to the

This works was partly supported by the Grant-in-Aid

SiOVSi interface. However, an interesting structural

of the Ministry of Education, Science and Culture of

model for the oxide layer on Si(OOl) surfaces has been

Japan and by the Japan Society for the Promotion of

proposed, in which the crystalline SiO2 is not located only

Science.

close to the interface but also widely distributed all over
References

the oxide layer[l]. The model is based on the extra peaks
[1]

observed on the crystal truncation rods (CTRs) from the
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111 Bragg points in X-ray diffraction patterns. High

1000

resolution X-ray measurements showed that the intensity
profiles of the peaks had Laue-function-like fine structure,

c

of which the period varied with the thickness of the oxide

100

<8

layer. In this paper, we show that similar fringes were
observed from oxide layers on Si(lll) and Si(llO)

t/5

c

10

0)

surfaces, indicating the distribution of crystalline SiO2 all
over the oxide layers.

-0.40

Experiment
The samples were prepared by oxidizing Si wafers at

1000

950°C in a dry oxygen atmosphere. The thicknesses of the
oxide layers were 34nm and 23nm for the Si(lll) and
Si(UO)

wafers,

respectively.

For

c
3

high-resolution

100

measurements, the Huber four-circle diffractometer with a
Si(l 11) crystal analyzer installed on BL-4C at the Photon

10

Factory, KEK, Tsukuba, was used.

-0.60

-0.40

Results and Discussion
The detailed intensity profiles obtained by highFig. 1 The intensity profiles around the extra peaks:

resolution measurement for the extra peaks are shown in

(a) for the SiO 2 /Si(lll) and (b) for the SiO2/Si(110)

Fig 1 The intensity profiles look like the Laue functions

sample.

with period of the inverse of the layer thicknesses,
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Introduction
Plant photosystem II (PSII) is a light-driven enzyme to
decompose water into molecular oxygen, electrons and
protons. This reaction cycles through five redox states, Si
0=0-4), in which Si is dark stable and S4 is transient
emitting O 2 during a spontaneous S 3 -»S 0 turnover[l].
Hitherto, complementary spectroscopies of low-temperature
EPR and X-ray absorption fine structure (XAFS) have been
utilized to study the clustering states of Mn[2-4]. The
catalytic center has been established to form a tetranuclear
Mn cluster, somehow incorporating 1 Ca2* and some CL*
ions as cofactors[5-6]. Here, we report in Fig.l a
high-resolution EXAFS spectrum for the S^state PSII,
extracted from our raw XAFS data, based on stepwise
least-squares procedures[7], together with well-defined
structural information on Mn in PSII, obtained by using an
improved theory of EXAFS data analysis[8].
Experimental
BBY type PSII membranes capable of O2 evolution
(600-800 mmoles Oj/mg Chl/ml) were prepared from
spinach, and relaxed in darkness for 6 hr at 0 °C. The dark
adapted membranes were washed once with 400 mM
sucrose, 20 mM NaCl, 0.5 mM EDTA.2Na and 40 mM
Mes-NaOH (pH 6.5), and resuspended in the same buffer
medium lacking EDTA. After centrifugation at 35,000 x g
for 35 min, the resulting pellet was applied onto a
membrane filter in a Cu holder of 0.5 mm in thickness. Mn
K-edge XAFS spectra have been measured for condensed
spinach PSII membranes in S, at 30 K at Tsukuba Photon
Factory BL-4C with use of a single-element Si(Li) solid
state detector placed 1.2 cm apart from the sample.
Results and Discussions
As seen in Fig.2, the 8-shell model containing 3 shells of
(O,N)-ligands in the 1st peak would be as probable as the
7-shell model, judged from the same order of the xV(N-p)
values, 0.9246 vs 0.9151: The 3rd shell of scatterers at
R=2.40 (+0.13/-0.07) A in the 1st peak may exist,
representing a few (N,O)-ligands (His, Tyr and H2O are
probable candidates); The dominant 2nd shell of scatterers at
R=2.26 A are quite diffusive, suggesting a heterogeneous
Mn tetramer; The 1st shell of scatterers are located at the
same distance as the previous reports, representative of
di-(X-oxo bridges in Mn model compounds.
A prominent 4th shell (in the 2nd peak) of Mn scatterers
atR«2.75 A have the coordination number 0.97-1.30, in
agreement with the previous reports.
Four new shells of heavy-atom scatterers (Mn and/oi
Ca2*) at more distant R=3.4 A, 3.7 A, 4.4 A and 4.7 A
were observed with an average bond number of 1-2 per a
Mn tetramer, suggesting a distorted Mn tetramer possibly
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incorporating Ca''* ion.
0.06
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Fig.l (upper) An extracted EXAFS spectrum from
spinach PSII membranes in the S, state (solid line) and a
theoretical one based on 8-shell model (dashed line).
Fig.2 (lower) The amplitudes of the k -weighted Fourier
transforms of the EXAFS spectra in Fig.l
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The macromolecular antitumor antibiotic C-1027

factor is 0.089 for 16,708 measurements.

isolated from Streptomyces globisporus C-1027 belongs
1

to the neocarzinostatin family ).

The crystal structure of C-1027-AG/cycloaromatized

C-1027 consists of an

C-1027-Chr complex was determined by molecular

apoprotein (C-1027-AG) and a nonprotein chromophore

replacement using the refined model of the orthorhombic

(C-1027-Chr).

C-1027-AG consists of a single

crystal structure of C-1027-AG and refined to a

polypeptide chain of 110 amino-acid residues, the

crystallographic /?-factor of 18.4% at 1.8 A resolution as

molecular weight is 10,500Da.

shown in Fig. 1.

The structures of

unstable C-1027-Chr and its cycloaromatized product
have been determined by the two-dimensional NMR

We thank Prof. N. Sakabe and Drs. A. Nakagawa and

2

studies *.

N. Watanabe of the Photon Factory for their kind help in

We have determined the structures of C-1027-AG in
the two crystal forms.

intensity data collection.

The trigonal and orthorhombic

crystal structures were refined to a crystallographic Rfactors of 18.6% at 2.8 A resolution and 16.8% at 2.5 A
resolution, respectively.
Because of instability of C-1027-Chr, the structural
analysis of the complex crystal between C-1027-AG and
the stable cycloaromatized C-1027-Chr was performed
The crystals of C-1027-AG/cycloaromatized C-1027-Chr
complex have been obtained by using MPD as a
precipitant.
P2J2J2J

This crystal belongs to the space group

with the unit-cell dimensions of a = 23.2, b =

59.4, c = 66.2 A.

Assuming that the asymmetric unit

contains one molecule, the VM value is calculated as 2.0
As/Da.

Fig. 1.

The intensity data of two native crystals were

C-1027-Chr complex.

collected with synchrotron radiation at BL-6A beam line
at the Photon Factory.
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Introduction
The fungus Arthromyces ramosus secrets a large
amount of peroxidase (ARP), a heme-containing
enzyme that catalyzes the oxidation of a variety of
substrates by utilizing H 2 O 2 . ARP has a single
polypeptide protein of 344 residues, two Ca 2+ , and
carbohydrates attached to Asnl43 and Ser339.
Initially ARP crystals were grown in ammonium
sulfate at pH 7.5 and its structure was determined
at 1.9 A resolution.1^ Hisl84 was identified as the
proximal ligand, and at the distal side of the heme
a significant electron density was seen between
distal His56 and the heme iron.
Spectroscopic studies suggest that many peroxidases in the resting state are predominantly in the
pentacoodinated high-spin state.2) Crystallographic analyses of these peroxidases have shown that a
water molecule is located at the sixth coordination
position of each heme. 3 ' 4 ) Interestingly, in the
presence of ammonium sulfate the absorption
spectra of ARP showed that the low-spin
component increased as the pH increased from 6.0
to 9.0, whereas in its absence ARP remained in the
high-spin state in the pH range investinated. To
clarify the nature of the hemc iron of ARP, we
determined the crystal structure of ARP at pH 4.5.

resolution range.
Results and Discussion
The crystal structure of ARP at pH 4.5 showed
that the electron density at the 6th position of the
heme iron seen at pH 7.5 had disappeared and that
the iron atom deviated from the heme plane by
0.19 A toward the proximal side. These crystallographic and spectroscopic observations strongly
suggest that under physiological conditions the
heme of ARP is in the pentacoordinated high-spin
state. It was also shown that at high pH the heme
iron of ARP is able to bind ammonia, forming the
low-spin state. In ARP a electron density newly
appeared at the site that is close to N g of His56.
From comparison of the geometries around the
water molecules in peroxidases (Table 1), the
location of the water molecule at the distal side of
the heme generally appeared to be dominated by
the orientation of the imidazole ring rather than
by interaction with the heme.
Table 1. Geometries around the water molecules

Experimental
An ARP crystal (space group P4 2 2j2 with
a=b=74.6 A, and c=l 17.5 A) was soaked for 2 h
in sodium acetate buffer (pH 4.5) containing 35 %
saturated ammonium sulfate. Diffraction data of
the low-pH form were collected to 1.8 A
resolution on a screenless V£issenberg camera for
macromolecular crystals5) and using synchrotron
radiation at BL6A2. The wavelength was 1.00 A,
and the radius of the cassette was 286.5 mm.
Diffraction data recorded on each IP were read out
at 100 ujn intervals using a Fuji BA100 then
processed with the program WEIS6) and
PROTEIN.7) Partial reflections were discarded.
Intensities of 28,453 independent reflections
(completeness: 90.4 %) were obtained with RmcTf,e
of 6.98 %. The atomic parameters at pH7.5 (PDB
code 1ARP) were used to start the refinement,
several water molecules near the heme being
excluded. The model was refined by XPLOR^
and revised using 2Fo-Fc and FQ-Fc maps with
FRODO. The final R factor was 18.8 % for
27,884 reflections (F>2aF) in the 7.0-1.8 A

ARP

LiP

MnP

Distance of Fe- - H2O (A)
3.9
Angle of N e - H 2 O - F e ( ° ) 128
Fe- -H 2 O to heme plane (°) 62
Displacement of H2O from
the imidazole plane (A)
0.19

2.7
155
81

2.8
161
74

0.55

0.21

LiP; lignin pcroxidase, MnP; manganese pcroxidase
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Photolyase (DNA Photoreactivating Enzyme) repairs
UV-induced pyrimidine dimers by using the energy of
visible or near UV lights.
Photolyase from the
cyanobacterium Anacystis nidulans is a single chain
protein of 53 kDa molecular weight and contains FAD
(flavin adenine dinucleotide) and 8-HDF (7,8-didemethyl-8hydroxy-5-deazariboflavin) as chromophores in equimolar
amounts. Here we report the crystal structure of
photolyase from A. nidulans determined at 1.8 A
resolution by X-ray crystallography.
The crystals belong to the space group P432i2 with
unit cell dimensions of a=b=90.7 A and c=135 A,
containing one molecule in an asymmetric unit.
Diffraction Intensities ware collected by the synchrotron
radiation at BL-6A and BL-18B using a Weissenberg
camera for macromolecular crystallography and imaging
plates as detector. The X-ray beam was monochromatized
to 1.00 A by a Si(l 11) monochromator system.
The crystal structure was solved by the multiple
isomorphous replacement using three heavy-atom
derivatives. Major heavy-atom sites were determined
from the difference Patterson maps, and minor sites and
relative positions of sites between derivatives were
determined using the difference Fourier technique. The
electron densities after density modification allowed the
construction of the peptide chain. Crystallographic
refinement was carried out by the energy minimization and
the simulated annealing with molecular dynamics.
Statistics for data collection, phase determination and
refinement at the present stage are summarized in Table 1.
Figure 1 shows the molecular structure, which is
composed of two domains; the a/(3 domain and the helical
domain, which provide the 8-HDF and FAD binding site,
respectively. A long loop connects two domains and
surrounds the a/p* domain.
We thank Professor N. Sakabe (currently at Tsukuba
University), Dr. A. Nakagawa (currently at Hokkaido
University), Dr. N. Watanabe and Dr. M. Suzuki of the
Photon Factory.

Table 1. Statistics for data collection,
phase determination and refinement
Data c o l l e c t i o n (°<>-dmin)

Phase determination («°-3 . 5 A)
tinin(A)
No. of Refs.
Unique d a t a
Rmerge
Completeness
Cone. (mM)
Soak t i m e { h r s . )
No. of s i t e s
Riso
Kcullis
Phasing power
Figure of m e r i t

N a t i v e CH3HgCl MgUO2(AcO)4 GdCl3
1.8
2.5
2.5
2.5
246,336 56,461
55,448
54,602
444,14 14,305
14,302
14,223
7 .6
6.9
7.0
11.1
83.3
69.7
70.5
69.0
0.2
24
2
13.2
0.73
0.7

5.0
20
1

18.0
0.73
1.0

0.48

Refinement
Resolution (A)
R

Rfree

Number of r e f s .
Number of atoms
rms deviation of
bond lengths (A)
bond angles (deg.)

6.0 - 1.8
0.197
0.239
42,820
5,208
0.009
1.537

Fig. 1. Structure of A. nidulans Photolyase
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5.0
44
1
6.8

0.81
0.4
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The chaperonin is a class of molecular chaperone
that consists of chaperonin-60 (cpn60) and chaperonin-10
(cpnlO), and facilitates the correct folding and assembly
of other proteins with the aid of ATP. This protein is
ubiquitous and its amino acid sequences are highly
conserved among various organisms. In the assembly of
cpn60 molecules from Paracoccus denitrificans, a 7-mer
form was observed1^ as well as a 14-mer form that is a
usually observed form of other bacterial cpn60, which
might imply the structural difference of the architecture of
this cpn60 from those of others.
Crystallization of Paracoccus cpn60 was
performed at 293 K by the vapour diffusion method with
4.0%(w/v) PEG6000 and 1.0 M LiCl as precipitants in
100 mM Bicine-Na (pH 9.0) buffer at a protein
concentration of 60 mg/ml.
Within 1 to 2 weeks,
tetragonal prism shape crystals with maximum
dimensions of 0.5 x 0.5 x 3.0 mm were obtained. They
belong to />422j2 with the unit-cell constants of
a = b = 284 A and c = 152 A, and they diffract at least to a
resolution of 3.6 A.

PROTEIN. A total of 84,593 independent reflections was
obtained. The merging R factor is 8.0 % for 197,760
measurement. The completeness of the collected data is
73.1 % up to 3.2 A resolution.
Self rotation functions were calculated using the
program X-PLOR to confirm the molecular symmetry and
to estimate the orientation of the cpn60 assembly. When
the rotation angle K was set to 51.4°, the highest peak
(>30o) was observed at the polar angles y/ = 90° and <p =
90°, indicating that the local 7-fold axis exists parallel to
c-axis. Crystallographic dyads on ab-plane should be
multiplied by this local 7-fold axis, and a self rotation
function searching for 2-fold axes (rotation angle K of
180°) shows peaks at expected polar angles ip = 0° (abplane) and yf at the positions of every 6.4° (= 45° / 7).
These results show that Paracoccus cpn60 seems to form
the assembly with a 7-fold ring symmetry as found in
GroEL, cpn60 from E. coli 2\
Cross rotation functions were calculated by XPLOR using the molecular model of GroEL. Top 11
peaks were related each other by the local 7-fold
symmetry, and they indicated the same solution. A
translation function calculated by the program
ELFTCALC shows the correct solution as a top peak.
Further refinement process is in progress. The R factor of
the current model is 27.7%.
We thank Prof. N. Sakabe, Dr. A. Nakagawa and
Dr. Watanabe of the Photon Factory.

The full set of the native intensity data was
collected with one crystal using a screenless Weissenberg
camera for macromolecular crystals at BL-6A and BL18B, with 0.1 mm aperture collimator and a cylindrical
cassette of redius 429.7 mm. The position of the direct
beam on the crystal was shifted along the rotation axis
after taking every 4 photographs to prevent from intensity
decrease from X-ray damages. The total oscillation range
of 47.1° was covered by 47 serial Weissenberg
photographs, in which the oscillation range of 1.1° was
employed. The exposure time was 40 s per degree.
Intensity data were evaluated up to 3.0 A
resolution by the program WEIS. Reflections greater than
1.5o were merged and scaled using the program
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Introduction
An oligo-l,6-glucosidase from
Bacillus cereus ATCC7064 consists of
a single polypeptide chain of 558 amino
acid residues with a molecular weight of
66,010. The crystal structure of oligo1,6-glucosidase was determined by
using the synchrotron radiation source
at 3.0 A resolution (1).
The
improvement of the structure in
resolution and accuracy is required to
discuss the hydrolysis mechanism of
oligo-l,6-glucoside linkage (2) and
protein thermostabilization by proline
substitution (3). Here we present the
refined
structure
of
oligo-1,6glucosidase at 2.0 A resolution and
some discussion about the critical sites
for protein thermostabilization.
Results and Discussion
The final R-factor of 19.6% was
obtained with a model obeying standard
geometry within 0.015 A in bond length
and 3.1° in bond angles. The final
model consists of all 558 amino acid
residues and 221 water molecules. The
molecule was subdivided into three
domains (N-terminal domain, subdomain and C-terminal domain) as
shown in Fig. 1. The N-terminal
domain had an (a/p)g-barrel structure
called the TIM-barrel structure. The Cterminal domain was characterized by a
Greek key motif composed of eight
antiparallel p-strands. The subdomain
had a loop rich structure with a small ahelix and a p-sheet.
B. cereus oligo-l,6-glucosidase
has 21 sites which are replaced with
prolines in more thermostable oligo1,6-glucosidases.
We analyzed the
structures of those 21 residues. Seven
sites are located at the second sites of p-

turns and four are at N-l positions of
a-helices. Nine are in flexible loops
and one is exceptionally in (3-strand.
Statistically, proline residues tend to
occur at the second sites of p-turns and
at the N-l positions of a-helices due to
the preference in free energy. The
results gave indicative meanings to the
role of proline residues in protein
thermostabilization
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Introduction
Serratia protease from Serralia sp. E-15 belongs to
'serralysin' family which is a member of a superfamily
metzincines'. The crystal structure of enzyme was
determined at 2.0 A resolution using synchrotron
radiation11. The enzyme consists of N-terminal catalytic
and C-terminal p-sandwich domains. In the C-terminal
domain an unusual p-sheet coil motif is observed, where
the P-strands and the calcium binding loops are
alternately incorporated into an elliptical right-handed
spiral so as to form a two-layer untwisted p-sandwich
structure. Although the Ca2+ ions seem to be very
important for the folding and stability of the P-sheet coil,
the binding sites of the Ca2+ ions in the enzyme is not
sure.

Table 1. Summary of the data collection
Wavelength (A)
Rotation axis
Coupling const. (°/mm)
Acof)
AZ (mm)
Overlap (°)
Rotation speed (7sec)
No. of oscillation
Total flames
Resolution limit (A)
No. of reflections
Rmerg

1.283

1.283

1.500

a
1.0
5.0
5.0
0.5
2.0
6
22
3.0

c
1.0
5.0
5.0
0.5
2.0
6
22
2.3

c
1.2
6.0
5.0
0.5
2.0
20
18
3.0

14,412
0.058

14,691
0.036

11,242
0.033

Advanced X-ray technology such as synchrotron
radiation and imaging plate seems to enable one to
determine Ca :+ ion binding sites in moderately large
proteins using a small X-ray anomalous dispersion of Ca
atom. In order to gain a detail of Ca2+ ion binding sites in
the P-sheet coil motif of serratia protease, we have
performed an X-ray crystallographic analysis using X-ray
anomalous Ca atom.
Experimental and Results
The crystals for X-ray analysis were obtained as
described previously (space group P2|2\2\, a = 109.18, b
= 150.89, c = 42.64 A) 2 ) . The data collection of Bijvoet
pair reflection carried out at the wavelength of 1.283
(BL-6A2 station) and 1.500 A (BL-18B station) using the
screenless Weissenberg camera1'. The Af and Af" of Ca
atom are 0.356 and 0.942 at 1.283 A and 0.348 and 1.227
at 1.500 A, respectively.
In the case of the wavelength of 1.233 A: The statistics
of the data collection were summarized in Table 1 The
diffraction intensities were evaluated by the program
WE1S4'. The determination of the Ca2+ ion binding sites
was carried out by the calculation of Bijvoet difference
Fourier map using each diffraction data of a-axis mounted
and c-axis mounted crystals. It found that five Ca2+ ions
were sandwiched between two loops which were parts of
P-sheet coil motif (Fig. 1).

Fig. 1
In the case of the wavelength of 1.500 A: The statistics
of the data collection were summarized in Table 1. The
diffraction intensities were evaluated by the program
DENZO. The date are currently being used to calculate
Bijvoet difference Fourier map.
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Introduction
The killer toxin is a proteinous substance secreted
by a certain strain of a yeast and a fungus. Such a
'killer1 strain produces its own killer toxin for killing
the competitive strains, and possesses the
resistance system against it, that is termed
'immunity1. The salt mediated killer (SMK) toxin M,
secreted by a halotolerant yeast, Pichia farinosa
KK1 strain, uniquely exhibits its maximum killer
activity under acidic and high salt concentration
conditions. The toxin is composed of two distinct
subunits, a and p, which are tightly linked under
acidic conditions. However, they are easily
dissociated, accompanied by the loss of killer
activity, under neutral conditions. In order to
elucidate the mechanism of its toxic reaction and the
cause of its unique pH-dependent stability, the threedimensional structure of the SMK toxin has been
determined.

BL 6A2 or 18B, with the X-ray wavelength of I.00A.
The derivative crystals were also served to the data
collection with CuKa radiation. The data sets were
processed using the program DENZO and
SCALEPACK. The structure of the SMK toxin was
initially determined at 2.7A resolution, by the multiple
isomorphous
replacement method with the
anomalous scattering information, and by the
following solvent flattening and molecular averaging
techniques. These phase determination and
improvement procedures were executed using the
programs MLPHARE and DM in the CCP4 suite.
This initial model was subjected to the
crystallographic refinement using the program XPLOR and PROLSQ. The final model including two
SMK toxin molecules, seven sulfate ions and 224
water molecules, was refined to an R-factor of
18.6%, using the all data with F>1 op between 6.0A
and 1.8A resolution.

Materials and methods
The structural analysis of the SMK toxin was
performed, using the tetragonal crystal grown from
the ammonium sulfate solution at pH3.5. This crystal
belongs to the space group P432-|2 (a=81.1uA and
c=118.46A), and includes two toxin molecules per
asymmetric unit. The X-ray diffraction data sets for
native and two derivative (K2FICI4 and K2Hgl4-KI)
crystals were collected using the macromolecularoriented Weissenberg cameral 2 !, installed on the PF

Results and discussion
The overall structure of the SMK toxin molecule is
shown in Figure 1. The two peptides, a and P are
folded together in the ellipsoidal single domain
structure belonging to the ct-P sandwich family. The
topology of the SMK toxin which comprises two
antiparallel a-helices and a five-stranded antiparallel
P-sheet, is completely the same as that of the fungal
killer toxin, KP4. Despite the same topology, there
are several distinct features between these two
toxins, such as the loop structure and the
electrostatic distribution of the molecular surface.
These different features make the functional
relationship between them obscure. The top of the
SMK toxin molecule is decorated by the three long
loops. Many basic residues are concentrated to the
bottom of the toxin molecule and to the one edge of
the P-sheet, where some sulfate ions are observed
in the crystal structure. The acidic residues also
mainly exist in the bottom of the toxin molecule. The
side-chains of some acidic residues tightly interact
with each other. These carboxyl-carboxyl mutual
interactions may account for the unique pHdependent stability of the SMK toxin.
References
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Figure 1. Overall structure of the SMK toxin
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Results and Discussion
The crystal structure was solved by the molecular
replacement method using the dimeric structure
of glutathione reductase as a template.
Four
programs(X-PLOR,
MERLOT,
MOLREP,
AMoRe) gave a consistent unique solution with
reasonable crystal packing. Initial phases were
improved by averaging and flattening the electron
density map(SQUASH). The atomic coordinates
of the molecular model constructed by a
computer graphics with the program O were
refined using the program X-PLOR, the two
subunits being constrained by a noncrystallographic 2-fold symmetry. The final Rfactor is 19.0% at 2.49A resolution.
Compared the structure with that of prokaryotic
E3 (A. vinelandii)2', large differences occur in
the loop regions with insertion or deletion of
amino acids.
There are no differences in
topology of secondary structures, but one (3sheet(246-276 residues) is changed the normal
on the molecular surface. It is expected that E3s
have different molecular surfaces between those
incorporated into cores with 432 and with 532
symmetries. A characteristic feature, found on
an electrostatic molecular surface,
may
concerned with such properties.

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
architectures 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 mechamism and the relationship between
the architecture and the function of the latter
types, we solved the crystal structure of E3 from
yeast.
Experimental
E3 from yeast was crystallized by desalting from
protein solution. Newly obtained crystals are
different from the previous ones analyzed already
at 4.5A resolution0, though both have the same
space group with slightly different cell
parameters. Diffraction data were collected by a
Weissenberg camera for macro molecular
crystallography using synchorotron radiation(A,=
1.38A). Among 53,633 observed reflections up
to 2.49Aresolution,
23,846 independent
reflections were obtained with an Rsym=5.3 6.3% and Rmerge=6.4%. The completeness of
data set was 80% at 2.98A resolution.
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sequence identity of 50 % to that of TtlPMDH.
It is plausible to assume that their tertiary
structures resembles each others. Therefore, the
primary phasing was performed by the molecular
replacement method using TtlPMDH structure as
a probe. Since the asymmetric unit contains one
dimeric molecule, a dimeric probe with all
alanines was constructed from TtlPMDH. The
program AMoRe gave an unique solution with
reasonable molecular packing. Its plausibleness
was further confirmed by the Ronit profiles
(Tsuchiya and Takenaka, in preparation).

Introduction
3-isopropylmalate dehydrogenase (EC
1.1.1.85) catalyses a third reaction on leucine
biosynthetic pathway.
The enzyme of the
moderate, facultative thermophile Bacillus
coagulans (BcIPMDH) is composed of two
identical subunits (Mw=39808, 366 amino acid
residues). BcIPMDH is more thermostable than
the mesophilic enzyme but less thermostable than
the
extreme-thermophilic
one.
For
comprehensive
understanding
of
protein
thermostabilization, it is necessary to reveal such
intermediate
structure
as
BcIPMDH.
Furthermore, the tertiary structure will gave us
valuable information
about its reaction
mechanism because it is not established yet
though the crystal structures of TtlPMDH are
reported [1-3]. For these purposes, we have
been engaged in the x-ray analysis of BcIPMDH.

Since the two subunits are related by noncry stallographic symmetry and the unit cell
contains much solvent, a combination of density
modification
techniques
with
noncry stallographic symmetry averaging, solvent
flattening and histogram mapping was applied to
improve the initial phases by the program DM
A structural model was constructed on the
improved electron density maps using the
program O, the model being confirmed by omit
maps. After that, the atomic parameters were
refined using the program X-PLOR. Several
cycles of refinement and model-adjustment gave a
final R-factor of 0.182 for all of the data within
10-3.0 A resolution, with a free-R value of 0.251
for 10 % of reflection data which were not used
throughout the refinement.

Experimental and Result
BcIPMDH has already crystallized in at
least three crystalline forms under a variety of
conditions [4]. One of the crystalline form was
used for the structure determination, because it
contains one dimeric molecule (two subunits) in
the asymmetric unit and diffracts higher than the
other forms.
X-ray diffractions of the two crystals
mounted in different orientations were recorded
on imaging plates using synchrotron radiation
(wavelength 1.00 A) and the Weissenberg camera
[5] at the BL-18B beamline of the Photon Factory.
101,970 reflections on 65 flames were indexed
and integrated by the program WEIS. They
were merged and scaled by the CCP4 softwares
to be 25,540 independent reflections (> 3a) with
an R,^,. of 0.054 and completeness of 85.3 %
within 3.0 A resolution.
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The primary structure of BcIPMDH has a
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Introduction
was 0.70 at 2.5 A resolution. An electron density
map calculated with MIR phases was clear enough
2-Haloacid dehalogenases (E.C. 3.8.1.2)
to build a structure model of the enzyme with the
isolated from several bacteria catalyze the
program TURBO-FRODO. The N-terminal three
hydrolytic degradation of 2-haloacids to produce
and C-terminal ten residues were invisible in the
the corresponding 2-hydroxy acids as follows:
density map, and then excluded from the model.
Consequently, the initial model for the subunit
RCHXCOOH + OH"
> RCHOHCOOH + X"
consisted
of amino acid residues 4-222. The
( R = H, alkyl ; X = halogen )
model
consisting
of 2,157 atoms in the protein
The enzymes are classified into four types on the
and
19
water
oxygens
was refined with the
basis of the C2 configurations of their substrates
program X-PLOR. The crystallographic /?-factor
and reaction products.
for the model was converged to 19.5% for 7,848
L-2-Haloacid dehalogenase from Pseudomonas
reflections {F > 2o(F)) at 8.0-2.5 A resolution.
sp. YL is a dimeric enzyme composed of two
The r.m.s.ds from the ideal bond lengths and
identical subunits, each of which comprises 232
angles were 0.012 A and 1.8°, respectively.
amino acid residues corresponding to the
molecular weight of 26,179. It acts on L-2Results and Discussion
haloalkanoic acids to yield D-2-hydroxyalkanoic
acids. The catalytic mechanism of the enzyme has
The subunit consists of two domains: the corebeen studied by comprehensive site-directed
domain and the sub-domain. The core-domain
has an alp type structure where a central sixmutagenesisl) and O incorporation. From the
stranded parallel /3-sheet is flanked by three aresults of these studies, it has been proposed that
helices on one side and two on the other. The
AsplO is the active site nucleophile attacking the
domain is formed by amino acid residues 4 to 19
C2 atom of substrates.
and 74 to 222. The sub-domain consists of four
In order to elucidate the reaction mechanism of
a-helices packed like a four-helix-bundle. The
L-2-haloacid dehalogenase, we have undertaken
sub-domain
is formed by amino acid residues 20
crystallographic studies of the enzyme from
to 73, and is inserted between the first /3-strand
Pseudomonas sp. YL.
and a-helix in the core-domain. There is a cleft
formed between the two domains which are linked
Experimental
together by two-stranded antiparallel /3-sheet.
The dimeric molecule has a compact ellipsoidal
Crystals of the enzyme were grown at 4°C by
shape with dimensions of 76 A x 40 A x 40 A.
vapor diffusion, supplemented by repetitive
The structure is stabilized mainly by interactions
seeding, against a 50 mM potassium
among a cluster of hydrophobic residues from
dihydrogenphosphate solution (pH 4.5)
both subunits. Besides, polar residues, lining up
containing 15% (w/v) polyethylene glycol 8000
across the molecular two-fold axis, form a linear
and 1% (v/v) «-propanol. A typical crystal size
hydrogen-bond network in the vicinity of the
was about 0.6 mm x 0.5 mm x 0.1 mm. The
hydrophobic cluster. Almost all of these residues
crystals belong to space group C2 with unit cell
involved in the intersubunit interaction are highly
dimensions of a = 92.21 A, b = 62.78 A, c =
conserved among L-2-haloacid dehalogenases.
50.84 A and (5 = 122.4°, and contain two
dehalogenase dimers in the unit cell.
The active residue, AsplO, revealed by the sitedirected mutagenesis study is projected into the
Uranyl and aurate derivative crystals were
active site cleft from the core-domain. The
prepared at 25°C by the soaking method. They
residues is positioned at the switch-point in the
were isomorphous with native crystals. Diffraction
order of strands on the central /3-sheet, and has
data for the native and two derivative crystals were
enough room to accomodate a substrate. The
collected at the BL-6A2 station of the PF, using
environment around the catalytic site seems to be
the Sakabe's Weissenberg camera. The X-ray
so hydrophilic that the enzyme can bind haloacids
wavelength was set to 1.00 A. The data were
possessing the hydrophilic carboxyl group.
processed with the program WEIS.
Difference Patterson and Fourier maps
Reference
calculated with the program package PHASES,
and finally gave three U and two Au sites. In the
1) Kurihara T, Liu J-Q, Nardi-Dei V, Koshikawa
final cycle of heavy-atom refinement, anomalous
H, Esaki N and Soda K, J. Biochem., 117,
scattering effects from the metals were considered
1317-1322 (1995)
for phase calculation. The mean figure of merit
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Crystallization of Nitric Oxide Reductase Cytochrome P450nor from
Oxysporum

Fusarium

Park S.-Y., Adachi S., Shimizu H., Iizuka T., Shiro Y., *Shoun H., # Nakagawa
and "Tanaka I.

A.

The Institute of Physical and Chemical Research (RIKEN), Wako, Saitama 351-01, Japan, *Institute of
Applied Biochemistry, University of Tsukuba, Tsukuba, Ibaraki 305, Japan, ^Division of Biological
Sciences, Graduate School of Science, Hokkaido University, Sapporo 060, Japan.
Cytochrome P450 nitric oxide reductase purified
from Fusarium oxysporum (P450nor, Mr = 46
kDa) is an unique heme enzyme that catalyzes the
reduction of nitric oxide with electrons directly
transfer from NADH (Nakahara et ai, 1993).The
cytochrome P450nor was crystallized with the
vapour diffusion method using the sitting drop
technique. The crystals were grown in 100 mM
MES buffer at pH 5.5 using PEG 4000 as
precipitant. The initial drops were composed of 5
ul of the protein solution (50 mg /ml) and 5 nl of
the precipitant solution, equilibrated against a 1 ml
reservoir of the precipitant solution. Crystals were
obtained within one week at thermostatically
controlled temperature of 20 °C. The crystal
belongs to the space group P2i2i2i in an
orthorhombic system. The cell dimensions are
determined a = 55.02 A, b = 82.42 A and c =
87.06 A. The asymmetric unit contains one
molecule of P450nor protein with a corresponding
crystal volume per protein mass (Vm) of 2.17 A 3
Da"1. X-ray data collection were carried out at
station BL6A of the Photon Factory, Japan.
Intensity data were obtained using a Weissenberg
camera for macromolecular crystallography and
imaging plates as detector (Sakabe, 1983). After
data reduction (processing package DENZO and
SCALEPACK (Otwinowski, 1993)), native data
set consists of 80156 measurements of 23943
unique reflections with an R merge 5.2 %. The
completeness of the data set is 87.1 % for the 100
- 2.0 A range.
Position of the heme Fe atom from anomalous
dispersion ; Data collection were performed with a
Weissenberg camera for macromolecular
crystallography and imaging plates as detector of
the Photon Factory (BL6A). Measurements were
made at 15 °C and I = 1.70 A. A total of 58480
observations corresponding to 13386 unique
reflections were collected to 2.5 A resolution with

R merge 5.1 %. Completeness of the data set is
97.3 % for the 100 - 2.5 A range (89.2 % for the
outer most resolution shell 2.59 - 2.50 A). No
serious radiation damage to the crystal was
detected during the data collection. Bijvoet
anomalous Patterson map shows clear Fe-Fe self
vectors on the Harker sections. However, Bijvoet
anomalous difference in not large enough to
calculate good phase for structure determination.
We intend to make use of the anomalousdispersion effect of iron atom combined with
multiple isomorphous replacement for structure
determination. Preparation of heavy atom
derivatives for phase determinations are in
progress.
We are deeply indebted to Professor Sakabe N. and Drs.
Watanabe N. and Suzuki M. for advises in the data
collection
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Sakabe, N. (1983) /. Appl. Crystallog. 16, 542.

Fig. Harker sections (u = 0.5, v
= 0.5 and w = 0.5) of
anomamalous difference maps for
the heme Fe atom of the
P450nor. Contours in increments
of l a starting at la.
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STRUCTURES AND QUANTUM SIZE EFFECTS OF
CuBr AND CuB^Cl,., NANOCRYSTALS EMBEDDED IN GLASS.
Masaki TAKATAl, Makoto SAKATAl, Manabu 0HTA2, Satoshi SASAKI2, Yingli LI2,
Masao ICHIDAU & Arao NAKAMURAU
1 Dept. of Applied Physics, Nagoya Univ., Nagoya 464-01 JAPAN
2 Center for Integrated Research in Sci. & Eng., Nagoya Univ., Nagoya 464-01, JAPAN
CuBrxCll-x system can not be fitted with the straight
solid (CuBr) and dotted (CuBrO.97ClO.03) lines in the
figure representing the size dependence based on the
confinement effect of the translational motion of
exitons. We have found that the characteristic feature of
the present size dependence can be well explained by
assuming the particular contribution of the coulomb
potential due to a localized electron at the potential
boundary as shown by the curved line in Fig.22,3). We
propose a new confinement effect due to an interface
charge.
The authors thank Profs. N.Sakabe, ANakagawa and
N.Watanabe for their kind help in data collection at PF.
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Introduction
Recently, semiconductor nanocrystals such as CuCl and
CdSe embedded in glass have gained wide interest as a
material of quantum-dot system having possibilities of
high optical nonlinearity. In CuCl nanocrystals, the
translational motion of excitons is confined within a
spherical potential due to the matrix glass and this
confinement gives rise to the size-dependent radiative
decay of excitons i). On the other hand, the size
dependence of confinement energy in CuBr nanocrystals
obtained from absorption spectrum showed the different
characteristic feature from that of CuCl implying more
complicated confinement mechanism2,3). In order to give
a light on the full interpretation of the confinement
effects, we have investigated an accurate size dependence of
the confinement energy for CuBr and CuBrxCll-x
extensively.
Experimental
The accurate X-ray powder data were measured by the
large Debye-Scherrer camera (radius 286mm) using
Imaging Plates(IP) at the Photon Factory BL-6A2. The
wavelength of the incident X-ray was l.oA. In order to
have a X-ray powder pattern with good counting
statistics from the small amount of nanocrystals
embedded in glass, the diffracted intensities were
accumulated on IP for one hour, which is rather long as
exposure time for IP experiment. The confinement energy,
AE, was determined from the blue shift of the exciton
absorption spectrum.
Results
From the obtained powder patterns, the crystal structure
of CuBr and CuBrxCll-x nanocrystals was found to be
the sphalerite structure. The size of the nanocrystals was
evaluated from the value of a full width at half
maximum of powder profiles determined by a profile
fitting technique. As a standard sample of powder profile,
the whole powder pattern of AJ2O3(NIST) was also
measured with the same experimental condition. The
profile fitting result is shown in Fig.l for
CuBr0.97Cl0.03. The composition was determined from
the lattice constant according to the Vegard's Law. In
Fig.2, the confinement energy are plotted as a function
of the crystallite size for CuBr and CuBrO.97ClO.03. The
size dependence of the confinement energy of CuBr and
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HETEROSTRUCTURES BY X-RAY CTR SCATTERING
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Department of Materials Science and Engineering
School of Engineering, Nagoya University, Nagoya 464-01, Japan
Introduction

were generated and those parameters were
determined at the best fit between the measured
and theoretical CTR spectra.
Fig. 1 shows the As composition distribution
obtained at the best fit. At the PH3-purge time u
=0.5s, the As composition reaches unity and the
most of the As atoms confined in 1-ML width
which were intended to grow. Tails of the As
distribution are clearly shown into both sides of
the well. This resolution of the composition,
i.e., 1-ML, has never been achieved by any other
techniques. Broadening of the As distribution
and the desorption of As from the well layer are
also clearly seen with increasing PH3-purge time

InP/InGaAs/InP is a very important double
heterostructure for optoelectronic devices such as
lasers and LEDs for optical communications and
also for ultra low noise and high frequency
electronic devices such as HEMTs and HBTs. In
such devices, a very abrupt interfaces at
InP/InGaAs and InGaAs/InP are required in the
atomic scale for a good performance of these
deveices.
Though the modern growth techniques such
as OMVPE and CBE to fabricate such
heterostructures have greatly been improved in
terms of quick switching of source gas supply
and indirect evidence of the apparently abrupt
interfaces is shown, there were no techniques
available to observe the interface abruptness to
the real atomic level.
We have been demonstrating that X-ray CTR
(Crystal Truncation Rod) scattering measurement
using synchrotron radiation and IP as a detector
is an extremely powerful technique to analyze the
heterointerface structures to the atomic level even
in the single quantum well with one monolayer[l4]. Here we report the measurement and analysis
of InP/InGaAs(l ML)/InP single heterostructures
to the atomic level by CTR using synchrotron
radiation.

i

0

1 0

As composition

Results and Discussions

Fig. 1 As distribution profile in InP/InGaAs(lML)/InP SQW with increasing PH3-purge time.

In the source gas sequence to grow
InP/InGaAs(l ML)/InP, time intervals ti, t2, and
t3 were fixed at 2.0, 0.5 and 2.0s, but U was
varied from 0.5s to 8.0s to study the PH3 purge
effects on the InGaAs/InP heterointerface
abruptness.
In the measured (with diffuse-scattering
subtraction) CTR spectra it is seen that the
shoulders at the right hand side are modified with
increasing U- With a model structure which
contains parameters such as the thickness of the
cap InP, the thickness of the InGaAs(P) well
layer, the distribution of As atoms and Ga atoms
in InGaAs(P) layer, the cap and the buffer InP
layers, the tetragonal distortion of the lattices, and
surface roughness, a theoretical CTR spectra
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Introduction
Highly lattice-mismatched heterostructures
with a high barrier height such as AlGaP/InAs are
a new candidate materials for nonlinear optical
and electronic devices, high efficiency solar cells,
and many other functional devices. In these
material structures, the abruptness of the
heterointerfaces are a key issue in preparation.
Though the modern growth techniques such
as OMVPE and CBE to fabricate such
heterostructures have greatly been improved in
terms of quick switching of source gas supply
and indirect evidence of the apparently abrupt
interfaces is shown, there were no techniques
available to observe the interface abruptness to
the real atomic level.
We have been demonstrating that X-ray CTR
scattering measurement using synchrotron
radiation and IP as a detector is an extremely
powerful technique to analyze the heterointerface
structures to the atomic level even in the single
quantum well with one ML[l-4].
Here we take the InP/ErP/InP heterostructure
and report the measurement and analysis of the
heterostructures to the atomic level by CTR using
synchrotron radiation.

found it fits best to the NaCl structure of ErP in
InP. The obtained Er distribution showed the
peak composition of 0.032ML, the FWHM of
5ML(15A), and the total number of Er atoms of
0.171ML. The last number is well in coincidence
with that obtained from RBS measurement. The
RBS can tell that the FWHM is less than 60A)
which is the resolution limit. Our measurement
by CTR showed a much higher resolution to the
atomic level and decided it to be 15A.

Index

Fig. 1 Fitting of several theoretical curves to the
measured CTR data.

Results and Discussions
The samples were grown by OMVPE using
TMIn, TBP, and Er(MeCp) as source
materials[5]. Er(MeCp) was supplied for 5min to
form an ErP layer at 530°C. In the measured
(with diffuse-scattering subtraction) CTR spectra
well resolved oscillations in intensity are
observed. With a model structure which contains
parameters such as the thickness of the cap InP,
the thickness of the I n i . x P x well layer, the
distribution of Er atoms in InP layer, the surface
roughness, and the crystal structure of ErP (and
the location of Er atom), theoretical CTR spectra
were generated and those parameters were
determined at the best fit between the measured
and theoretical CTR spectra.
Fig. 1 shows the fitting of the theoretical
curves (thin dotted lines) and the measured CTR
spectrum. Among the several models of the
crystal structures and the Er atom locations, we
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Introduction
Pseudomonas sp. strain KKS102 is one of
the PCB-degrading microorganisms. The BphC
enzyme (2,3-dihydroxybiphenyl dioxygenase) is
a key enzyme in the PCB degradation pathway of
this 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 an insight into the reaction
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.

dioxygenases. Thus the common coordination
system for the Fe ion seems to be retained among
the enzymes belonging to the extradiol type
dioxygenase family.
2) Substrate binding
The (Fo-Fc) map for the crystal soaked in
2,3-dihydroxybiphenyl (2,3-DHBP) gave a clear
density region beside the Fe ion in the active site.
The density region was reasonably interpreted as
being an intact 2,3-DHBP molecule. The two
hydroxyl groups of the substrates, which replace
the two water molecules in the coordination
sphere of the native BphC enzyme, are bound to
the Fe ion in the active site. The shape of the
coordination polyhedra is different from that
found in the native BphC enzyme and may be
described as a distorted trigonal bipyramid.

Experimental
Three-dimensional structure of the BphC
enzyme was solved using multiple isomorphous
replacement method (MIR) 1.2). The high
resolution native data were collected using the
macromolecule-oriented Weissenberg camera
devised by Prof. Sakabe installed at BL6A2. We
used XPLOR for the crystallographic refinement.
Current R factor at 1.8 A resolution is 20.4 %
with 147 solvent atoms2>.

3) Oxygen binding site
For the enzymatic reaction to occur, the
participation of an O2 molecule is required.
Based on the present crystal structures, we
proposed a three-dimensional model for the
ternary complex composed of the BphC enzyme,
a substrate and an O2 molecule 2 ). Considering
the van der Waals radii of the atoms around the
Fe ion, there are only two conceivable cavities
for the O2 molecule binding. The first one is the
cavity between the Fe ion and O5 of Asp243, and
the second one is the "oxygen binding cavity"
around Alal97 and Vall47. Of the two possible
cavities for the O2 binding, the "oxygen binding
cavity" appears to be more conveniently located
for attacking the 2,3-DHBP molecule.

Results
1) Fe ion coordination system
The Fe ion coordinates the side-chains of
the following amino acid residues: Hisl45,
His209 and Glu260. In addition, two water
molecules appear to be bound to the Fe ion. Then
the Fe ion can be regarded as possessing squarepyramidal coordination geometry where Ne of
His209, Oe of Glu260 and two water molecules
constitute the equatorial ligands while Ne of
His 145 constitutes an axial ligand 2 ). The three
amino acid residues coordinated to the Fe ion
(His 145, His209 and Glu260) are completely
conserved among all the related extradiol type
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Introduction
Asparagine synthetase [L-aspartate:
ammonia ligase (AMP-forming) EC 6.3.1.1]
catalyzes the synthesis of L-asparagine from Laspartate and ammonia in the presence of ATP
and magnesium ion. The enzyme is a homodimer
and its subunit contains 330 amino acid residues
(MW 37kDa). This enzyme is distributed in
prokaryotes," and encoded by asnA gene. On the
other hand, asparagine synthetase using glutamine
as amido nitrogen donor [L-aspartate: L-glutamine
amido-ligase (AMP-forming) EC 6.3.5.4] is found
not only in prokaryotes2* but also in eukaryotes1',
and encoded by asnB gene. Sequence similarity
has not been found between the asnA and the asnB
enzyme nonetheless derived from the same origin,
E. coli.4) On the other hand, sequence comparison
between asnA enzyme and aspartyl-tRNA
synthetase has detected a short homologous region
in a glycine-rich region near the C-terminal
residue. 5 ' In the light of their enzymatic
mechanism, it has been proposed that the
conserved region is participated in the binding of
aspartic acid or in the catalytic mechanism
necessary to form an aspartyl-AMP intermediate.
In order to elucidate the reaction mechansm of
asparagine synthetase, we started the X-ray crystal
structure analysis of this enzyme.

with a crystal-to-film distance of 430 mm and a
wavelength of 1.00 A. The intensity data up to 2.3
A resolution were processed with program WEIS7)
and were merged and scaled by using programs in
the CCP4 program suite.8' The experimental
conditions and statistics for intensity data were
summarized in Table 1. Now two types of
derivatives have been obtained. Phase
determination is in progress.
Table 1. Experimental conditions and results
Rotation axis
Oscillation angle / frame (deg)
Rotation speed (deg/sec)
No. of oscillation
Exposure time / frame (sec)
Coupling constant (deg/mm)
Overlap (deg)
No. of imaging plates used
Total oscillation ranges (deg)
No. of obseved reflections
No. of unique reflections
R
(%)
merge

v

a
7.0
2.0
7
24.5
1.0
0.5
20
130.0
44929
19478
7.6

'
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Experimental and Results
We constructed the Cys-free (C51A/
C315A) asparagine synthetase using site-directed
mutagenesis, because the wild-type enzyme only
gave twinned plated or needled crystals . Crystals
of the Cys-free mutant were grown from solution
containing 45 % saturated (NH ) SO , 50 mM
HEPES (pH 7.5), 22 mM Asn, 88 mM MgCl2,10
%(w/v) glycerol, and 5 mM P-mercaptoethanol
by sitting drop vapour diffusion method at 293 K.
The crystals reached to a size of 0.3 mm x 0.2
mm x 0.05 mm within three weeks. The crystals
belong to the monoclinic space group P2 , with a
= 52.9 k,b = 126.2 A, c = 52.8 A, 0 = 105.3 °.
Assuming one dimer in the asymmetric unit gives
a solvent content of 47 % and a Vm of 2.3 A3 Da1.
X-ray diffraction data were collected on
BL6A2 using a screenless Weissenberg camera6)
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INTRODUCTION
Glutathione synthetase (GSHase) from Escherica
coli B ( EC 6.3.2.3 ) catalyzes the synthesis of
glutathione from y-L-glutamyl-L-cystein(y-GC)
and glycine in the presence of MgATP. The
postulated mechanism is thought to occur with two
steps; phosphoryl transfer from ATP to y-GC to
produce acylphosphate intermediate, and
nucleophilic attack of glycine to this intermediate,
to produce GSH. In the light of the reaction
mechanism,
we synthesized transition state
analogue inhibitor(TSA), that is tightly-bound
(#i=21nM) to GSHase in the presence of ATP. XRay diffraction analysis showed that the tightbinding species is phosphorylated TSA which is
phosphorylated by ATP in the enzyme active site
(1). The features of the tight-binding and catalytic
single turn over allow us to apply time-resolved
crystallographic analysis for this system. We
started rapid diffraction data collection studies to
captur the ternary complex structure just before
phosphorylation (GSHase:ATP:TSA complex).
The structure will give the implication for the
catalytic mechanism of the first step in which yphosphate of ATP is transfered to the C-terminal
carboxylate of y-GC.
METHODS AND RESULTS
Hexagonal crystals (1.0 x 1.0 x 0.2 mm) were
grown at 20 °C by batch methods in 9.0mg/ml
GSHase, 50mM HEPES buffer (pH7.5), 0.8M
Li2SO4, 20mM MgCl2, 2mM caged ATP, and
5mM TSA inhibitor in the dark. The crystal is
belong to the hexagonal space group P6222 with
unit cell dimensions of a=£=87.0A, c=169.4 A,
and is isomorphous to the naticve crystal (2).
The X-ray diffraction data before and after
photolysis were collected to 2.2A resolution at
15°C and -10°C, respectively, within 1 hour using
a screenless Weissenberg camera at BL-6A2
station of the Photon Factory. The diffraction
images were recorded on Fuji image plate and
prossesed with BA100. Photolysis was achieved
with a Xenon flash lamp developed by G. Rapp
(Hitech.Co.Ltd). Three flashes (15 sec) were
needed to complete uncaging. The data were
processed using the program DENZO and
SCALEPACK.
Reflections with intensity
I/8(I)>1.0 were retained for data processing. The
data prior to photolysis included 215839 total
reflections merged to 19885 unique reflections
with R=0.058, and completeness of 98.7% (2002.2A). The data after photolysis included 21039

reflections merged to 19897 unique reflections
with R=O.O72, and the completeness of 98.4%
(200-2.2A).
Electron density map around the enzyme active
site clearly showed the caged ATP and TSA
inhibitor and one magnesium ion. The map after
photolysis gave the dencities for ADP,
phosphorylated TSA, and two magnesium ions.
These results concluded that the phosphoryl
transfer reaction is occurred even in crystalline
state of GSHase.
On the other hands, Laue data sets before and
just after photolysis were collected with exposure
time 50 msec at BL-18B station. The data were
recorded on the large size image plate(40 x 80
cm). The data before photolysis were collected in
4 orientation whereas the data after photolysis
were collected in a single orientation at 60 sec
after photolysis. The intensity data were
processed with GENLAUE , INTLAUE, LPCOR,
LAUENORM. Reflections with intensity
I/8(I)>1.5 were retained for data processing. The
wavelength range used for
wavelength
normalization was 0.7-1.9A.The data before
photolysis, merged 4 shots included 55618 total
reflections that gave 6963 unique reflections
(>3.0A) with Rfact=0.114 and the completeness
of 83.2%(6.0-3.0A). The single shot data at 60
sec after photolysis included 12590 total
reflections that gave 4611 unique reflections
(>3.2A) with R=0.147 and the completeness of
66.0% (6.4-3.2A).
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Introduction
M-protease is an subtilisin-family serine
protease produced by alkalophilic bacteria
Bacillus sp. strain KMS-K16. A character of
the enzyme is its high alkali resistance. The
optimum pH of the M-protease is 12.3.
The X-ray crystal structure analysis of the
M-protease was carried out to study the
mechanisms of high alkali resistance. Two
morphologically different crystal forms 1 and
2 of the enzyme were obtained under same
crystallization condition. The forml crystals
belong to ortholombic crystal system, space
group P2i2i2i, and unit cell dimensions
a=62.3, b=75.5 and c=47.2A. The forml
crystal reflects much better than previously
analyzed form2 crystal.
Results and Discussion
The reflection data were collected using
synchrotron radiation light source at the
BL6A, Photon Factory, National Laboratory
of High Energy Physics. Two of the forml
crystals were used for data collection by
weissenberg method. One crystal was rotated
around a axis and the other was around c axis.
The crystal structure of forml was solved by
the molecular replacement method, using the
structure of form2. The model has been
refined to the crystallographic R-factor of
0.172, using 27473 unique reflections between
8.0 and 1.5 A resolutions.
Though the crystallization sample of Mprotease was treated with inhibitor PMSF
(phenylmethanesulfonyl fluoride), no electron
density was observed at the active center
(Figure). Possibly, the inhibitor was lost by
reverse reaction. The enzymatic activity of the
M-protease, which was salvaged from a
crystal, was confirmed by chemical assay.
The M-protease has two Ca-binding sites.

However, the 2nd Ca-binding site appeared to
be occupied by a water molecule in refined
crystal structure. The ligation distances in the
2nd site, from Ca atom and oxygen atoms, are
too long for standard value (about 2.4A), but
close to those of hydrogen bonds (about 2.8A).
The high-alkali adaptation mechanisms were
studied on the basis of the refined structure.
From a comparison of primary structures of
high-alkaline proteases (M-protease, PB92,
elastase Yab) and other less alkalophilic
homologues (Subtilisin bpri, Carlsberg, E and J),
29 residue sites which side chains were replaced
between two groups, were identified.
The spatial arrangements and interactions of
these sites were tested on the refined structure.
These replaced sites are mainly localized upon
the C-terminal half of the protein. Some
positively charged amino acid residues on the Cterminal region are suggested to contribute in
stabilizing the conformation in high pH range.
For example, the salt bridges, Argl9 - Glu271 Arg275 is formed to connect the N- and Cterminals of the protein.

Figure. Active center of M-protease
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indicating that the value was among the smallest
for protein crystals. To solve the structure of
proteinase
A by
multiple
isomorphous
replacement (MIR) method, heavy atom
derivatives were searched, and two kinds of Ptderivatives and one kind of Hg-derivative were
obtained.
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 density modification
procedure. Density modification program from
York University (dm) was very effective for
improving the phases.
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. The secondary
structure element of the folded p1 sheets, however,
was unique. Now the refinement is in progress.

Introduction
Proteinase A, secreted by Aspergillus niger var.
macrosporus, is insensitive to the inhibitors
specific and common to the family of pepsin-type
aspartic proteinases and shows substrate
specificity fairly different from them. It is not
homologous in primary structure with pepsin at all.
Especially, it lacks the consensus sequence, AspThr/Ser-Gly, around the catalytic aspartic acid
residues in the pepsin-type aspartic proteinases.
Since proteinase A is distinctly different in
various properties from pepsin-type proteinases, it
is classified into a non-pepsin-type acid
proteinase.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
performed. In the present study, we calculated the
electron density map of proteinase A, with the
data of three good heavy-atom derivatives. The
molecular structure of proteinase A was
determined at 2.0 A, which explains well the
electron density map.

We thank Prof. Noriyoshi Sakabe (Tsukuba
University) for his encouragement and interest
during the experiments.

Experimental and Results
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 (k = 1.00 A).2)' 3 ) Type 1 of the three
types of proteinase A crystals were used for
determining the structure.4) Its space group was
P2\2\2\, with unit cell dimensions of a = 54.7 A,
b = 70.4 A, and c = 38.0 A. On the assumption of
one enzyme molecule per asymmetric unit, the
solvent content (Fsol) was estimated to be 26%,
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Introduction
Replication is terminated at defined sequences
of DNA in prokaryotic chromosomes. In
Escherichia coli, this termination is mediated by
site-specific DNA-binding protein designated as
Tus. The Tus protein (mw:36kDa) is a
monomeric molecule that binds six specific
sequences (Ter) within the replication terminus
region, and it prevents the passage of DnaB
helicase, which is a constituent of replication
machinery. The three-dimensional structure at
the atomic level is required to gain insight into
the mechanism by which the Tus protein
recognizes the Ter sites and blocks the
replication fork in a polar manner.

with typical dimensions of 300 [im x 200 fxm x
200 u,m appeared within one month.
Concentrations of glycerol and pH values were
found to be critical for crystal growth. The
crystals diffracted beyond 3.0 A resolution
using a DIP100S imaging plate system (MAC
Science) operated at 45 kV and 90 mA. They
belong to the tetragonal space group, P4i2i2
(or P432i2), with unit cell dimensions: a =
68.1 A, c = 230.7A. The specific volume, Vm,
is calculated to be 2.9 A3/Da, assuming one
complex per asymmetric unit. Diffraction data
from the crystals were collected with a
synchrotron
X-ray
source,
using
a
1
macromolecular-oriented Weissenberg camera )
(BL6A2) at the National Laboratory for High
Energy Physics, Tsukuba. The data were
processed with the program package
MacDENZO. Intensity data (I > 1 a(I)),
consisting of 14018 unique reflections which
cover 90.4% of the theoretical observations,
were obtained with an Rmerge of 6.0% at 2.7 A.

Methods and Results
About 50 kinds of synthetic Ter DNA
duplexes, with different lengths and unpaired
nucleotides, were surveyed for cocrystallization
with the Tus protein by a microdialysis method
using PEG 4000 as a precipitant. A solution,
containing the Tus protein (0.25 mM) and a
DNA duplex (0.35 mM), was placed into a 10
u.1 microdialysis cell.
The most suitable crystals for X-ray analysis
were grown, when a mixture of the protein and
a 16 base long DNA duplex, which consists of
5'-TAGTTACAACATACT-3'
and
its
complement with a T-overhang on each 5'
terminus, had been dialyzed against a reservoir
solution containing 50 mM Na citrate (pH 5.3),
100 mM NaCl, 10%(v/v) glycerol, 2 mM
spermine, 1 mM EDTA, 1 mM DTT and
10%(w/v) PEG 4000. Orthorhombic crystals

Reference
1) Sakabe, N. J. Appl. Crystallogr. 16^ 542547, (1983).
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1. Introduction
In order to clarify the role of p E l l valine in the
regulation of the O 2 affinity of hemoglobin (Hb), the
effects of aminoacid substitutions at this position on the
structure and the function of Hb have been extensively
studied. The substitution of isoleucine for valine at p 67
(Ell) reduces the 02 affinity of hemoglobin (Hb)1 and the
CO binding velocity of T state Hb.2 The crystal structure
of deoxyHb (P E l l Val --> He) has shown that the 6
methyl group of the isoleucine covers the ligand binding
site and hinders the ligation.1
The crystal of human adult deoxyhemoglobin
(deoxyHbA) deteriorate upon the ligation of CO or O2.
The substitution of Mg2* for Fe2* stabilizes T quaternary
structure and the crystals of a( F e ( n )- c o )2P( M S ( I I ) )2 and
a ( M g ( I I ) ) 2 p ( F e ( I I ) - C O ) 2 isomorphous to that of
deoxyHbA have been obtained.3 Deoxy and CO-liganded
a ( M g ) 2 p E l l V a l - I l e ( F e ) 2 w e r e a i s o crystallized
isomorphous to deoxyHbA and their structures were
determined by X-ray crystallography to a resolution of 1.9
A in order to study the hindered ligantion of CO to the P
heme.

similar to that of a Mg hybrid with wild type CO P
subunit, a( M g( I I ))2P( F e ( I I )" C O )2 3 - It took T quaternary
structure as judged from the ctlp2 interface. CO ligantion
to the P heme did not affect the structure of Mg a subunit.
In the P subunit Fe moved into the plane formed by the 4
pyrrole nitrogen atoms. Ne of F8 histidine took the
position between those of deoxyHbA and COHbA. There
was no detectable difference with the heme doming from
deoxyHbA. There were slight movement (0.55 A) and
lilting (3.3°) of the heme relative to deoxyHbA. All these
observations were common to ct(Mg(n))2p(Fe(II)-CO)2
Thus the differences of the structure between these mutant
and wild type hybrid Hb' s were confined to the residues
surrounding CO molecule in the distal side of the P heme.
The structure changes around the P hemes by the
introduction of the 8 methyl group of the isoleucine are
illustrated as a stereoscopic comparison of
bonds) and
a ( M g ( I I ) ) 2 p ( F e ( I I ) - C O ) 2 (finied
a (Mg) 2 pEllVal-Ile(Fe-CO) 2 ( o p e n ^ n d s ) i n ^
figure
The 5 carbon of the isoleucine is pushed aside and yl ar| d
y2 carbons of the isoleucine are displaced relative to those
of the valine. The atoms of E7 histidine are displaced
slightly. The electron density corresponding to CO
indicated that the occupancy is nearly 100 %. The position
of the bond CO molecule is likely to be displaced, but it
was difficult to determine the precise position of the CO
molecule by the present resolution. The effect of the
repulsion between the isoleucine and CO is dissipated
within the E helix and no significant differences were found
in other part of the molecule.
Nagai et. al., observed a two fold reduction of the
affinity of the first O2 binding of Hb (P 67E11 Val --> He)
as compared to HbA.1 Because it is the maximum
reduction corresponding to the case that olny the a
subunits bind O2 and their affinity is intact, they presumed
that the O2 affinity of the P subunit was reduced to nearly
zero by the mutation. Our results that the structure changes
in the distal side of the P heme is not extensive and that
the occupancy of CO is high seem not to agree with their
presumption.

The structure of deoxy a ( M g ) 2 p E 1 1 V a | - I I e ( F e ) 2 was
nearly identical to that of deoxyHbA except for the side
chain of the substituted residues. When these two
molecules were superimposed in the BGH frame of a i p i
interface2 (fitting error 0.13 A), the r.m.s. deviation of
mainchain atoms of a i p i and a2p2 dimers were 0.20 A
and 0.30 A respectively. The substitution of Mg for Fe did
not affect the structure of a subunit. Only the significant
differences observed were small sifts of P.yl and y2
carbons of P E l l isoleuine relative to those of valine
towards outside of heme pocket. These shifts may be
caused by the proximity of the imidazol of E7 histidine and
the 8 carbon of the isolecine. (~3.5A) The 5 carbon
covers the ligand binding site and hinders the ligand
binding as has been shown in the structure of deoxyHb (p
E l l Va!->Ile).'
The structure of a( M 8)2p E l l Val-Ile(Fe-CO)2 w a s v e r y

) i M M l l - l a|Ha»<r«-CS| ia FfC

1. K. Nagai et al.. (1987) Nature
329, 858-860.
2. A. J. Mathews et al., (1991) J.
Biol. Chem. 266, 21631-21639.
3. S.-Y. Park et al., (1996) /. Mol.
Biol. 255, 726-734.
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Introduction
(3-Amylase [EC. 3.2.1.2] hydrolyzes the a-1,4
glucosidic linkage of substrates such as starch and
glycogen, and produces (3-maltose from the nonreducing
end successively. (J-Amylases from bacteria have binding
ability to raw starch, while those from plants do not. Six
regions in the primary structures are well conserved
among pVamylases. The tertiary structures of fi-amylases
from soybean" and sweet potato2' have been determined
by X-ray crystallography, but those from bacteria have
not. (J-Amylase from Bacillus cereus var. mycoides is
composed of a single peptide chain of 516 amino acid
residues and the molecular weight is 58,000. The size of
the active site and the subsite affinities have been
evaluated kinetically. The study on the structure- function
relationship of this enzyme by site directed mutagenesis
is in progress in our group3'. In order to elucidate the
catalytic and starch binding mechanisms, X-ray
crystallographic structure analysis of this enzyme was
started.

Data was integrated with program DENZO , and then
merged and scaled with programs ROTAVATA,
AGROVATA, and SCALA from CCP4-package6). The
statistics for intensity data are summarized in Table 2.
Major heavy atom positions in Tl derivative were
determined with 5.0 A resolution data. Further data
collection of Tl derivative and the preparation of other
heavy atom derivatives are in progress.
Table 1.
Experimental conditions for data collection
Size of crystal (mm)
Spindle axis
Wavelength (A)
Radius of cassette (mm)
Oscillation angle/frame (deg)
Rotation speed (deg/sec)
No. of oscillations
Exposure time/frame (sec)
No. of imaging plates used

0.2x0. 1 x0.7

c*
1.0
430
2.0
2.0
10
20.0
60

Table 2.
Statistics for intensity data
Native Hg deri. Tl deri.
Resolution limit (A)
3.0
3.0
3.0
No. of observed refl. 113859 109785 114433
No. of unique refl.
41311 42048
48930
Completeness (%)
73.7
77.1
87.3
Rmerage(/) (%)
4.5
7.8
4.8

Crystallization
The crystals suitable for X-ray analysis were
obtained by hanging-drop vapour diffusion method at 21 °C,
with micro-seeding technique. Mother liquor used contained 6.0 % PEG6000 and 50 mM ammonium chloride
(pH 9.0). Equal volumes of protein solution (20 mg/ml)
and mother liquor were mixed, and then placed over
mother liquor. The crystals grew up to 0.2x0.2x 1.5 mm
in three weeks.
The crystals belong to the monoclinic crystal system,
space group C2 with unit cell constants of a=177.9 A,
b=l 12.9 A, c= 146.2 A, and p= 105.8°

References
1) Mikami, B., Degano, M., Hehre, E.J., Sacchettini,
J.C. Biochemistry 32,7779-7787(1994)
2) Cheom, G.C, Soo, H.E., Changsoo C , Dong,
H.S., Hyn, K.S., Kyeongsik M., Jin, H.M., Kyeong,
K.K., Kwang, Y.H, Se, W.S. PROTEINS 2 1 ,
105-117(1995)
3) Yamaguchi, T. Master thesis. University of Osaka
Prefecture, Osaka, Japan (1995)
4) Sakabe, N. J. Appl. Cryst., 16,542(1983)
5) Otwinowski, Z. in Data Collection and Processing
(Sawyer, L., Isaacs, N.,and Bailey, S., eds) ,56-62,
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6) Collaborative Computing Project No. 4, Acta
Crystallogr. D50,760-763 (1994)

Data collection
The diffraction data were collected on Weissenberg
camera4' (BL6A2) at Photon Factory with imaging plates
as a detector. The experiment conditions for a native
crystal are summarized in Table 1. The conditions for Hg
and Tl derivatives were almost identical except for a
small difference in the crystal size and exposure time for
a Tl derivative. The latent image on the imaging plates
were digitized on a Fuji-Film BAS2000 scanner. Data
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Ribulose 1,5-bisphosphate carboxylase/oxygenase
(RuBisCO, EC4.1.1.39) is the key enzyme that catalyzes
the primary reactions in photosynthesis as well as
photorespiration. The enzyme of some bacteria and
eukaryotes is composed of eight large (Z.) and eight small
(5) subunits. The gene for L is encoded in the plastid
genome and 4 to 13 5 genes are composed in the
multigene family in higher plants. Crystal structures of
RuBisCOs from spinach 1 , tobacco 2
and
a
cyanobacterium3, however, have let us believe that
RuBisCO of these organisms have a hexadecameric L%S%
structure where all 5's are identical. We have reexamined the crystal structure of spinach RuBisCO at 1.8
A resolution to have an insight to that question.
Crystals were grown by vapour diffusion using 6(0.1
drops containing a protein solution (15mg/ml) in 7%
PEG4000, 20mM MgCh, 20mM NaHCO3, lmM DTT,
2mM 2-carboxy-arabinitol 1,5-bisphosphate, 50mM
Bicine (pH=7.9) and reservoir solutions containing 9%
PEG4000, 20mM MgCk, 20mM NaHCO3 , lmM DTT,
50mM Bicine (pH=7.9) at 20 °C. Crystals were of space
group C222i with unit cell dimensions a = 157.8, b 157.8 and c = 200.9 A, which are isomorphous to the
crystal prepared by ammonium sulfate4. Assuming four
large subunits and four small subunits in the asymmetric
unit, solvent content of the crystal is 46% (Vm - 2.27

lb). The electron density maps at 93th residues also
suggest the structural differences like the residue 56: the
reported alanine side chains of 52 and 54 fit in the maps
well, while residual densities were observed in 51 and 53
(residue type could not be determined). Similar
characteristics were also observed in residue 8. These
findings strongly support the idea that spinach RuBisCO
has two distinct 5 chains. Thus, from the present X-ray
diffraction analysis, spinach RuBisCO was concluded to
have two types of small subunits; 5^, the subunit
containing Leu56, and 5 ^ , containing His56. The
spinach RuBisCO is, therefore, presented as L%S*4S^4
structure instead of formerly reported Lg5g one1'2-3.
A part of this study done by A.Y. and K.U. was
supported by the Petroleum Energy Center subsidized by
the Ministry of International Trading and Industry of
Japan. We thank N. Sakabe and A. Nakagawa for support
in data collection at Photon Factory, KEK.

A3/£>).

Diffraction data were collected at room temperature
with Weissenberg camera for macromolecules5 at Photon
Factory (BL-6A2 beam line). The crystals diffracted at
least to 1.6A. A total of 586,168 observations was
recorded from two crystals and was reduced to 216,085
unique reflections. The data are 67% complete to 1.6A
with an Emerge = 7.5%. The crystal structure of spinach
RuBisCO was determined by refining the structure
previously reported1. The final R-value is 0.158 to 1.8 A
resolution.
We have determined the structures of four pairs of a
large subunit and a small subunit in an asymmetric unit of
the crystal lattice. In the refinement process, we have
found that the side chain skeletons of some residues in the
small subunits deviate significantly from the electron
density maps especially at the residue 56, and that the
shapes of the density maps were clearly different in the
four crystallographically independent small subunits,
which are named as 51, S2, 53, and 54. Through the
interpretation of the electron density maps, the residues
56 in 51 and 53 were determined as leucines instead of
the reported aspartate6 (Fig. la), while the corresponding
residues in 52 and 54 were assigned as histidines (Fig.

Fig. 1 Stick models around the 56th residues of small
subunits with 2Fo - Fc electron density maps: (a), 51; (b),
52. These density maps were calculated without the
contributions of the residues 56. The contour levels of all
maps are set at 1.5a.
References
1. Knight, S. etal. J. Mol. Biol. 215, 113-160(1990)
2. Schreuder, H.A. etal. Protein Science 2, 1136 (1993)
3. Newmann, J. etal. Acta Crystallogr. D49, 548 (1993);
Newmann, J. etal. J. Biol. Chem. 268, 25876 (1993)
4. Anderson, I. etal. J. Mol. Biol. 172, 363 (1984)
5. Sakabe, N. J. Appl. Crystallogr. 16, 542 (1983).
6. Martin, P.G. Aust. J. Plant Physiol. 6, 401 (1979)

78

95-G073
CRYSTAL STRUCTURE ANALYSES OF P. AERUGINOSA ALKALINE PROTEASE
COMPLEXED WITH PEPTIDE LIGANDS
Yasuo HATA*, Hideyuki MIYATAKE*, Tomomi FUJII* and Kazuyuki MORIHARA**
^Institute for Chemical Research, Kyoto University, Uji, Kyoto 611, Japan, and **Institute for Aplied
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and a synthetic tri- or tetra-peptide were prepared
by soaking native crystals in each solution
containing 10 mM tri- or tetra-peptide for 3 days.
The native crystals used here were the same as
those used in determination of the native
structure. 1) X-ray diffraction data for the
complexes were collected at the BL-6A2 station
using the Sakabe's Weissenberg camera with
cassette radius of 429.7 mm. One crystal of each
complex was mounted with the c-axis parallel to
the crystal rotation axis. The wavelength of 1.00
A was used for the data collections. The other
exerimental conditions were same as those for the
native data collections.
The 2IFol—IFcl maps of the tri- and tetra-peptide
complexes were first calculated with observed
structure amplitudes and phases obtained from the
coordinates of the native structure at 2.2 and 2.3
A resolutions, respectively. Both maps clearly
showed similar changes in the enzyme structure
and each peptide ligand bound to the enzyme.
The structure models of both comlexes were built
with the program FRODO, and refined to the Rfactors of 18.8% and 17.7%, respectively.

Introduction
Alkaline protease of Pseudomonas aeruginosa is
a zinc-dependent endoprotease classified into the
serralysin family. The molecule comprises 470
amino acid residues, one zinc ion and eight
calcium ions. We elucidated the tertiary structure
of the enzyme from a strain IFO3080 at 2.0 A
resolution by the X-ray crystallographic method.
The enzyme has a unique structure consisting of
two domains: the N-terminal and C-terminal
domains. The N-terminal a-helix of the first 17
residues is located beside the C-terminal domain.
The N-terminal domain (residues 18-250) is the
catalytic domain having the zinc ion in the active
site cleft. The structure of the domain includes the
topologically conserved structure, consisting of a
five-stranded P-sheet and three a-helices, which is
common to enzymes in the metzincin superfamily.
The active site zinc ion is ligated by five ligands,
His 176, His 180, His 186, a water molecule and
Tyr216, in a trigonal-bipyramidal manner. The Cterminal domain (residues 251-470) consists of
two layers of large P-sheets including an unusual
P-helix structure, and is subdivided into three
regions: the N-terminal, central and C-terminal
regions.
Both terminal regions have rather
irregular P-helix structures, while the central
region has a regular p-helix structure, where pstrands and loops are alternately arranged in a
right-handed spiral, and two untwisted parallel Psheets are antiparallelly packed together by
hydrophobic interations mainly between the
leucines projecting to the inside of the P-helix.
The loops connecting the p-sheets, characterized
by the calcium-binding consensus sequence,
GGXGXD (X: arbitrary residue), are stabilized by
calcium ions burried inside. These calcium ions
may play an role in making the mature protein
folding. A similar structure has been observed in
serratia protease from Serratia sp. E-15, another
serralysin whose structure was determined by our
group. Therefore, the structure common to these
two enzymes could be characteristic of serralysins.

Results and Discussion
The main structural differences between the
native and the peptide-bound enzymes were
observed in the zinc coordination geometry and
the flexible loop of Tyrl90-Glyl95 which is
conserved in serralysins. In the native state, the
active site zinc ion is ligated by five ligands, and
the flexible loop at the entrance to the active site
projects into the surface of the molecule, opening
the active site entrance. On peptide binding,
however, the fifth zinc-ligand, Tyr216, is
dissociated from the zinc, and simultaneously, the
flexible loop is flipped inside to close the active
site entrance.
Consequently, the hydroxyl
oxygen of Tyr216 makes hydrogen bonds with
the side-chain nitrogen of Asnl91. The peptide
ligands bind to the enzyme with its polypeptide
chain approximatly parallel to p-strands in the
large P-sheet conserved in the catalytic domain of
metzincins, and are stabilized by hydrogen bonds
with the enzyme. The more detailed structural
studies of complexes are now underway.

In order to obtain structural information on the
reaction mechanism common to serralysins, we
have been studying structural differences between
the native enzyme and Its complexes. Here we
report conformational changes of the alkaline
protease on substrate binding, which are obtained
from a comparison between both the structures.

Reference
1) H. Miyatake, Y. Hata, T. Fujii, K. Hamada, K.
Morihara, and Y. Katsube, / . Biochem. 118, 474479 (1995).

Experimental
Crystals of two complexes between the enzyme
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Cg2 are shown for (001) in Fig.l. These figures corresponds to a section of Y@C 82 and C 82 . There exist remarkably high densities just inside the C ^ cage(Fig.l
(a)), whereas there is no such high density region in C ^
(Fig.l(b)). The number of electrons around the maxima
is about 38 which is very close to the atomic number of
a yttrium atom. Evidently, the density maxima at the interior of the C82 cage is the yttrium atom.
The cage structure of Y@Cg2 differs from that of the hollow Cg2 fullerene. There are many local maxima along
the cage in Y@Cs2, whereas electron densities of the
C82 cage is relatively uniform(Fig. l(b)). This suggests
that in Y@Cs2 the rotation of the Cs2 cage is very limited around a certain axis, while that in C 82 is almost free.
The MEM electron density map further reveals that the yttrium atom does not reside in the center of the C 82 cage
but is very close to the carbon cage as suggested
theoreticallyi). The Y-C distance calculated from the
MEM map is 2.47(3)A which is almost within the range
of a theoretical prediction of 2.55-2.65Ai).
We thank Drs. N. Sakabe, A. Nakagawa, N. Watanabe,
S. Adachi and S. Ikemizu for their experimental help at
Photon Factory. We also thank Dr. Dave E. Cox for his
valuable discussion and suggestions about the data analysis.

Introduction
Fullerenes with various metal atoms encapsulated within
the carbon cage(endohedral metallofullerenes) have gained
extremely wide interest in recent years because of their
unique structural and novel electronic properties. There has
been a long dispute on the endo- or exo-hedral nature of
such metallofullerenes. Previous experimental results including STM, EXAFS, TEM and ESR suggest that the
metal atoms are inside the fullerenes. Theoretical
calculations!) also suggest that such metallofullerenes
are endohedral. However, so far the experimental direct
structural evidence had not been presented to confirm or
to contradict the endohedral nature of the metallofullerenes. In this study, the endohedral nature of Y@Cs2
has determined by a Synchrotron X-ray powder diffraction study2). This is the first conclusive evidence via a
Synchrotron X-ray powder diffraction study that for
YC82 the yttrium atom is encapsulated within the C 8 2
fullerene and is strongly bound to the carbon cage.
The purity of the Y@Cs2 fullerene was more than 99.9%.
Y@C82 powder samples grown from toluene solvent
were sealed in 0.3mm int. diam. silica glass capillary.
To collect an X-ray powder pattern with good counting
statistics, the Synchrotron Radiation(SR) X-ray powder
experiment with Imaging Plate(IP) as detectors3) was carried out at Photon Factory BL-6A2. The exposure time
was for an hour which is rather long as exposure time
for SR powder experiment using IP. The wavelength of
incident X-rays was l.oA. The X-ray powder data of the
hollow Cg2 fullerene was also measured as a reference under the same experimental conditions.
Data Analysis
The space group was assigned to P21, which is monoclinic for both Y@C 82 (a=18.401(2)A, b=11.281(l)A,
c=11.265(l)A, (3=108.07(1)°) and C 8 2 (a=18.241(3)A,
b=11.268(l)A, c=11.383(l)A, P= 108.42(2)°). The experimental data were analyzed in an iterative way of combination of Rietveld analysis and the Maximum Entropy
Method(MEM)2). The observed structure factors were
evaluated by dividing the observed intensities at a data
point according to the calculated contributions of the individual reflections by the modified Rietveld program. The
number of structure factors derived in the present analysis were 105 and 106 for Y@Q2 and C82, respectively.
The MEM Charge Density of YtgCgo
The MEM electron density distributions of Y@Cg2 and

References
l)S.Nagase, et al., Chem.Phys.Lett. ,214, 57(1993)
2)M. Takata, et al., Nature, 3 77, 46(1995)
3)M. Takata, et al., Advances in X-Ray Analysis, 35, 85
(1992)

(a)

(b)

Fig.l The MEM Charge Densities of (a) Y@Cg2 and (b) C82.
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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
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. In Fig. 1 are

shown the Fourier transforms of the $ weighted
oscillatory XAFS spectra of gas, liquid, and SCF
states. A clear difference in the Fourier spectrum
of the supercritical state from other states was
observed. This means that the intra-molecular
structure of SCF state is different from that of
other states in this molecule. Detailed calculation
is in progress.

Radial Distance (A)
Fig. 1 Fourier spectra of the k^x(k) of various
states of CF3Br.
Reference
1) T. Murata et al. Rev. Sci. Instr. 66 (2), 1437
(1995).
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Structural Study of Fe(OH)3 Gel Solution by Anomalous X-ray Scattering and EXAFS Methods
Eiichiro MATSUBARA*, Masatoshi SAITO** and Yoshio WASEDA**
department of Materials Science & Engineering, Kyoto University, Kyoto 606
**Institute for Advanced Materials Processing, Tohoku University, Sendai 980
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. However, little is known about the atomic
structure of ferric hydroxides in the early stage of the
hydrolytic behavior of ferric ions.
In the present study, the ferric hydroxide of
Fe(OH)3 in aqueous solution was studied by the
anomalous x-ray scattering (AXS) and EXAFS
methods.
EXPERIMENTAL
A ferric hydroxide was precipitated from 1 mol/1
ferric nitrate solution by adding 3 mol/1 sodium
hydroxide aqueous solution till the pH of the solution
reaches 8. The concentration of a ferric ion in the final
solution is 1.6 mol/1. The AXS and EXAFS
measurements at Fe K absorption edge were carried
out at BL-6B.
RESULTS AND DISCUSSION
The EXAFS RDF for a ferric ion determined from
the EXAFS measurement at Fe K absorption edge is
shown in Fig. 1. The coordination numbers and atomic
distances of the first nearest neighbors for Fe-0 and
Fe-Fe pairs were evaluated from this EXAFS
spectrum. Based upon the observation in this EXAFS
spectrum, the environmental RDF for ferric ions in
Fig. 2 obtained by the AXS measurement were
analyzed and the local atomic structure around a
ferric ion up to the second nearest neighbors were
determined. From these analyses, it is found that the
fundamental unit structure of the hydroxide Fe(OH)3
gel in aqueous solution is FeO6 octahedra and the
local atomic structure of the gel resembles that of
goethite (aFeOOH) in Fig.3. Only the double-corner
sharing linkage which corresponds to the linkage
between the octahedra labeled 'DC and 'O' in Fig.3
are partially broken. It is plausible that water
molecules exit at this place in the gel. This implies
that the ferric hydroxide Fe(OH)3 in aqueous solution
is transformed to crystalline aFeOOH by completing
this double-corner sharing linkage.

REFERENCE
K.Shinoda et al.: Mater. Trans. IIM, 33 (1994), 394.
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Fig. 1 EXAFS RDF for ferric ion in Fe(OH)3 gel.
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Fig.2 Environmental RDF for ferric ions of Fe(OH)3
gel.
f

Fig.3 Local arrangements around a certain octahedron
drawn with thick lines in the goethite aFeOOH.
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Introduction

directions in the presence/absence of C6Q. The
Ru
3- C 6(T C s + / S i O 2 (Figure la, b) had a first
inflection point by 1.7 - 4.5 eV lower than Ru
powder (d). The Ru3-Cs+/SiO2 without C ^ (c)
had a first inflection point at 1.7 eV higher than
Ru powder.
The coordination number N R u R u was
3.8, 5.2, 10, and 12 for the samples in Figure la
- d, respectively. ' ^ The edge position shifted
downwards (from a to b) by the heating in H 2
(Ru particle size increased). On the contrary, the
edge position shifted upwards from a to c or to d
(Ru particle size increased).
I believe the
negative shift from a to b was due to the increase
of electron donation from support to Ru. As the
interaction of Ru cluster with C 6 0 increased by
heating in H 2 , the electron donation should
increase and promote the catalysis.!)

Ru cluster catalysts on fullerene 60
exhibited high ammonia synthesis activity.'' The
active site structure was examined by Ru K-edge
EXAFS. The results demonstrated that small Ru
clusters (< 10A) were attached on bulk C^o
through the Ru-C bondings (2.10 - 2 . 1 9 A ) . 1 ^
However, there remained a possibility
that the Ru cluster was attached on SiO2 through
the Ru-O bondings. In order to determine the
kind of backscatterer (carbon/oxygen), Ru Kedge XANES spectra are measured.
Experimental Method
The sample was prepared from C ^ ,
Ru 3 (CO) ]2 , andCs+-doped SiO 2 . !) Ru K-edge
XANES were measured at beamline 10B and 6B
in transmission mode.

References

Results and Discussion

1) Y Izumi et al., Syokubai (Catalyst), 466 469,37(1995).
2) Y Izumi et al., Photon Factory Activity
Report, 93G151, 12(1994).
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1.
Ru AT-edge XANES spectra observed at 293 K.
Ru 3 -C 60 -Cs + /SiO 2 (Ru 2.7 wt%, Ru3 : Cm : Cs + = 2 : 3 : 3) heated in vacuum at 723 K.
(a)inH 2 at588K.
Ru3-Cs*/SiO2 (Ru 2.7 wt%, Ru3 : Cs + = 1 : 1) heated in vacuum at 723 K.
Ru powder.
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Introduction
Crystal structure of ternary chalcopyrite A^B^X*
is characterized with both of tetragonal distortion

S

rj=c Ia {a and c are two principal axis lengths)
and anion displacement u. The u-parameter is
related to two bond lengths (R^ and R^) and the

Q.
0.27 -

1

2

3

4

Pressure (GPa)

a-axis: u = -. When R^ and RBX are of
4
equal length, it is regarded as no distortion (w=l/4
and 77=2). The chemical trend appears on the
correlation in which the decrease in the tetragonal
distortion is followed by the increase in the uparameter. 0 These two structural parameters
control the electronic property of chalcopyrite. We
have been concentrated to investigate the pressure
effect on the structural parameters of 7 and u in
AgGaS, and AgGaSer These two materials have
a large anisotropy at atmospheric pressure in the
chalcopyrites (^=1.790, «=0.291 for AgGaS2 and
7=1.793, K=0.276 for AgGaSe2).

Fig. 1 Pressure dependence of u-parameter on AgGaS2 and AgGaSe2

refinement(RIETAN-94)2) with the R-factor below
a few percents, which implies that the structural
analysis is accurate.
The first phase transition occurs around 4GPa,
3 GPa for AgGaS2 and AgGaSe2, respectively The
bulk modulus of AgGaS, and AgGaSe2 calculated
with Birch-Murnaghan's EOS from the data in the
low pressure region are 72.0GPa and 59.8GPa,
respectively.
The u-parameter is independent of pressure as
shown Fig. 1, but the tetragonal distortion decreases
with a pressure increase. This fact indicates that
the root of the squared bond-length difference

Experimental and Result
A diamond anvil cell was used for high pressure
powder X-ray diffraction studies. The top surface
of the diamond was 0.6 mm in diameter. A 4:1
ethanol and methanol was used as a pressure
medium. Pressure was determined by the ruby
fluorescence method. Powder X-ray diffraction
patterns under high pressure were recorded up to
30GPa on a two-dimensional imaging plate(IP)
using synchrotron radiation source at the Photon
Factory(PF). The diffraction patterns in the
chalcopyrite phase were analyzed using the Rietveld

(&R=<JlQx - Rlx ) and the a-axis are of equal
compressibility. In contrast to this, supposing that
the parameter AR and c-axis are of equal
compressibility, it is easily shown that the decrease
of 7 is followed by the increase of w-parameter.
References
l)J.E.Jaffe and Alex Zunger, Phvs.Rev.B29.
1882(1984)
2)F.Izumi "The Rietveld Method", ed. by R.A.Young,
Oxford Univ. Press, (1993), Chap. 13.
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Introduction
Recently, Inoue et all) have found two glass transition temperatures in amorphous Zr33Y27Ali5Ni25 alloy.
The origin of this particular nature has been attributed to
the insoluble character of Y and Zr u , and this suggests the
structural inhomogeneity in the amorphous state. The
small-angle X-ray scattering(SAXS) is one way to clarify
the structural inhomogeneity in amorphous alloys. However, it is known that a broad SAXS signal can be fitted by
a variety of models equally well. With respect to such
inconvenience, the anomalous X-ray scattering will bring
a breakthrough by permitting the scattering contrast of a
desired element.
Experimental
Amorphous ribbons of Zr33Y27Ali5Ni25 were annealed
at 773K in an evacuated silica glass tube for 300s.
Anomalous-SAXS measurements were carried out at 30,
100 and 300eV below Ni and Y ^-absorption edges. For
Zr AT-edge, incident energies of 30, 100 and 200eV below
the absorption edge were selected. The measurements for
Al-6.7at%Zn alloy was also made, where no anomalous
dispersion effect should be observed in the present energy
range.

o
•
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-300 eV
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Results and discussion
Fig. 1 shows the anomalous SAXS intensities for the
annealed amorphous Zr33Y27Al,5Ni25 alloy. The anomalous dispersion effect is clearly detected such as the decrease of the intensity for Ni and Zr when the incident Xray approaches to the respective /^-absorption edge. On
the contrary, the SAXS intensity for Y increases when the
incidence approaches to the edge. No significant change is
detected for Al-6.7%Zn alloy and this supports that the
present anomalous-SAXS measurement works well. Let
us recall the local structural change of this amorphous
alloy induced by annealing2'. The chemical fluctuation of
Y-rich precipitate is suggested to exist, and this leads to
imagine that crystalline phase such as Y6OAl<io or amorphous phase such as Y ^ A l ^ N ^ is segregated from the
Zr33Y27Al15Ni2s matrix. The anomalous-SAXS intensities
were calculated by assuming these contributions. These
models provide the correct sign for the measured intensity
variations and the Y ^ A l ^ ^ s case is in good accordance
with the experimental data.
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Fig. 1 Anomalous-SAXS intensity near the Ni, Y and Zr
^-absorption edge for the amorphous
i25 alloy annealed at 773K for 300s.
References
1) A.Inoue et o/.Mater.Letters, 16, 108 (1993).
2) E.Matsubara et a/.,Mat.Sci.Eng. A179/A180.
444 (1994).
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OBSERVATION OF VARIOUS SAMPLES USING THE X-RAY ZOOMING TUBE WITH THE Be WINDOW IN 4-20keV X-RAY REGION
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Introduction
In the last experiment, the spectral
sensitivity of various semitransparent X-ray
photocathodes of the X-ray zooming tube1' was
evaluated in the energy range of 0. 08-0. 8keV, 1. 6
-3.6keV and 4-20keV, and many samples were
observed in this energy range2'"4'.
But, these
samples had been set in the vacuum chamber with
the photocathode of the tube. This time, we have
made experiments on the observation of various
samples set in the air, using the new type X-ray
zooming tube with the Be window in energy range
of 4-20keV at KEK-PF, BL-6B. In this paper, the
experimental arrangement and the obtained results
are described.

2
4

Osaka National Research Institute
Kansai Medical University

H. Kihara, Photon Factory Activity Report 1992,
No. 10, pl43 (1992).
4)T. Matsumura, K. Kinoshita, Y. Shimanuki, and
H.Kihara, Photon Factory Activity Report 1992,
No. 10, p298 (1992).
Detail of the
photocathode

Be window

Vacuum

Zooming tube

B e w i n d o w f'

Fig.1 Experimental arrangement

Experimental arrangement
Fig. 1 shows the experimental arrangement for
the observation of various samples with the X-ray
zooming tube. As an X-ray source, the beam line
of BL-6B (double crystal monochromator;4-22keV)
is used.
For the input window of the tube.
Be(tO. lmm) is used.
The material of the
photocathode is CsI(t300nm).

5fim

Results
Fig.2 shows the output image of a Fresnel zone
plate(FZP) for soft X-ray obtained where the
magnification factor of the tube is ~ 2 1 0 and Xray energy is 3.6keV. In this image, the width
of the finest zone is 0.5 ji m, which is clearly
observed.
Fig.3 shows the output image of another FZP for
hard X-ray where the magnification factor is ~
210 and X-ray energy is 20keV.
In this X-ray
region, the innermost zone(0.5 ft m) is clearly
observed.
Fig. 4 shows the output image of IC pattern
where the magnification factor is ~ 2 1 0 and X-ray
energy is 5. 5keV.

Fig.2 Output image of a FZP obtained by the X-ray
zooming tube.

5nm
Fig. 3 Output image of another FZP obtained by the
X-ray zooming tube.

Reference
L)K. Kinoshita, T.Matsumura, Y. Inagaki, N.Hirai,
M. Sugiyama, H. Kihara, N. Watanabe, and Y. Shimanuki,
Proc. SPIE Vol. 1741, p287 (1992).
2) T. Matsumura,
K. Kinoshita,
N. Watanabe,
Y. Shimanuki,
and H. Kihara,
Photon
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Activity Report 1991, No. 9, p207 (1991).
3) T. Matsumura, K. Kinoshita, Y. Shimanuki, and
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Fig. 4 Output image of IC pattern.
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Introduction

tetraheral Mo oxide and bulk MoO 3. The epoxidation

In the previous report' bulk MoO3 was shown to be mixed

selectivity of allyl alcohol with tert-butyl hydroperoxide

with tetrahedral species even 0.5 % loading for

by MOO3/AI2O3 is shown in the figure; the greater

MoO3/a-Al2Oa(Fig. 1B). It is speculated that epoxide

the

selectivity from allyl alcohol and t-butyl hydroperoxide

AI2O3 support.

Mo-loading , the higher

as an oxidant is responsible for the catalysis of bulk

on Y-AI2O3 clearly show that they contain tetrahedral

MoO3. The present study deals with themicrostructures

Mo species. More than 90 % of epoxidation selectivity
was obtained at more

of MoO3 supported on ^--alumina in relation to its

the selectivity for any

The FTs of 20 and 30 wt% of MoOa

than 20 wt% loading of Mo

oxide. The proportion of tetrahedral and MoO3 species

epoxidation activity of allyl alcohol.

are to be decided by curve-fitting analysis. The behavior
Experimental

of MoO3/x-Al2O3 is almost the same as that of M003A1-

Alumina-supported molybdenum oxides were prepared
by impregnation of hexaammonium

AI2O3.

heptamoiybdate

tetrahydrate on alumina followed by calcination

(A)

at

(B)

823K in air for 3 h. Epoxidation of alfyl alcohol with

A

i -

t-butyl hydroperoxide was carried out at 363K under
N2 atmosphere. Mo samples were sealed into a Q-pack

30wt%

\ MOO3
3-

J-

pouch in a dry box and X-ray absorption spectra were
'-.

obtained at the Beam Line 6B and 10B stations by a

?-

\ I V94%

V

transmission mode.

1 1 1 11

A

Results and Discussion
XANES

20wt%

4 -

J-

\ 5wt%

S-

ESCA analysis indicated that each AI2O3

was covered with a monolayer of Mo oxide at lower
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EXAFS Fig. 1 shows Fourier transforms(FT) of the
EXAFS spectra of Mo oxides supported on Y-AI2O3
(A) and a-AI2O3 (B). The FT of 2 wt% Mo oxide on
0-

Y-AI2O3 shows a single peak which corresponds to the
Mo-0 bond (1.77 A) of isolated tetrahedral species.
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The FT of 5 wt% Mo oxide gives a longer Mo-0 bond

Fig,

and a small peak of Mo-Mo bond which should be due

MoO3/a-Al2O3(B).
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of MOO3/Y-AI2O3(A) and

to bulk MoO3. However, even 1 wt% of Mo oxide on

1) S. Imamura, H. Sasaki, and H. Kanai, PF Activity

a-Al2Qs clearly indicates mixing of monolayered

Report, #12, (1994), in press.

87

DEFECT PRODUCTION BY Rb-ls AND I-ls CORE EXCITATIONS IN RbCl and KI.
Yasuhiro KONDO, Katsuhiko SHIMOYAMA, Yoshiro SUZUKI,
and
Mihiro YANAGIHARA1).
Department of Applied Physics, Tohoku University, Aramaki,Aobaku, Sendai, Miyagi 980-77,
l)Research institute for Scientific Measurements, Tohoku University, Katahira, Sendai, Miyagi 980,
Recently we have studied the F-center production by Cl- and B r - l s core excitations by
using synchrotron radiation. The results
showed no clear enhancement above Cl-ls edge
in KC11>2) while clear enhancement of 15 % was
observed above B r - l s edge in KBr.3) In the
present work, we measured the F-center production efficiencies in RbCl and KI. In RbCl,
we may observe the effects of ls-shell excitations of the positive ions. Since I" ion has deep
Is core, 33.2 keV, the Auger cascade of the Is
hole may make more holes in comparison with
that of Br-ls core, leading to the enhancement
in the defect production.
By using monochromatized synchrotron X
rays (BL-6B and BL-14C), the F-center formation efficiencies were obtained from growth
curves of the F-band. Besides the F-center
absorption, excitation spectra of exciton luminescence and X-ray fluorescence (mostly K a )
were measured. These spectra give us relative
conversion efficiencies of an X-ray photon to
electron-hole pairs (including excitons) or to

1

r—

f

'

'

1

another X-ray photon (K a ), respectively. To
estimate the energy dissipated in the crystal, we
used photo-calorimetry (PC spectrum), where a
small temperature increment of the crystal due
to nonradiative processes is measured.
As shown in Figs. 1 and 2, the F-center
production efficiency, exciton luminescence
efficiency, and the PC spectra show clear
downward step at the R b - and I - l s edges in
RbCl and KI, respectively. The decrements are
consistent with the energy emitted by the X-ray
fluorescence. Therefore, in KI and RbCl, the
observed F centers are mostly produced by the
electron-hole recombination and no core effect
has been observed.
1) Y. Kondo et al., Phys. Rev. Letters 70,810 (1993).
2) Y. Kondo and M. Yanagihara, proceedings of XII
ICDIM, 342 (1992).
3) M. Yanagihara, Y. Kondo, and S. Hirota, Phys. Rev. B,
(to be published).
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Figure 1.
Efficiency spectra of the F-center production (o),
exciton luminescence (dotted curve), conversion from
photon to heat (solid curve), and X-ray fluorescence
(dashed curve) in RbCl at 10 K.

Figure 2.
Efficiency spectra of the F-center production (o),
exciton luminescence (dotted curve), conversion from
photon to heat (solid curve), and X-ray fluorescence
(dashed curve) in RbCl at 10 K.
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X-RAY DIFFRACTION STUDIES OF OXYGEN MONOLAYERS
ON HEXAGONAL BORON NITRIDE
—USING AN IMAGING PLATE DETECTOR
Tomohiro Shibata, Tetsu Watanuki, Kenji Ishii, Fumihide Katayama,
Youichi Murakami*, and Hiroyoshi Suematsu
Department of Physics, School of Science, University of Tokyo, Hongo, Tokyo 113
* Photon factory, National Laboratory of High Energy Physics, Tsukuba, Ibaraki 305
30000

Introduction
Oxygen monolayers iorm an i>=l Heisenberg antiferromagnet. When boron nitride is used as a
substrate, two phases are observed as a function of
coverage (C). The low density monolayer tf-phase
undergoes a structural and magnetic phase transition to K-phase. From the magnetic susceptibility (x) measurements, the temperature (T)1dependence of x below Tc shows x ~ exp(-A/7 ), suggesting a Haldane gap system. The purpose of the
present study is to determine the crystal structure
of K-phase and also to clarify the characteristics of
6-K transition.
Experimental
X-ray diffraction measurements were performed
at BL-6B. A monochromatized (A=1.00A) beam
was radiated on a sample in a closed-cycle cryostat and an imaging plate (IP) was used for detection. By using an IP, we could obtain spectra
from oxygen monolayers with much better resolution and counting statistics for 30 minutes exposure
compared with conventional scintillation
counter.
The signal from oxygen layers are 104 times smaller
than that of hBN (002) peak, so the point of experiments is the reduction of the background scattering. Since IP detects all the scattering from the
scatterers in the path of the direct beam, optical
system was carefully constructed to extract the signal from the background.
Results and Discussion
Fig.l shows a diffraction spectra of C=1.3 at
8K for K-phase. The spectrum is obtained after the subtraction of a background spectrum
(C=0). Two peaks
are observed at Q=1.59A~1,
1
and Q=2.1lA~ , assigned as (02) and (11) of a centered rectangular lattice. The lattice parameters
are calculated as ao=3.2lAand bo=7.9lAshown in
the inset. The ratio of magnetic exchange energy J
of nearest neighbor (a0) against next nearest neighbor is 0.01 for K-phase, having a quasi-one dimensional character. When the temperature increases1
to T=23K, two peaks are shifted to Q = 1.64A~ ,
and Q=2.02A -1 , respectively of the first order. Tdependence of lattice paramers is shown in Fig.2.
The 8-K transition is an anomalous kinetic process. Fig.3 shows a time series of spectra at 8K
for C=l.l with 30 minutes exposure each. Peaks
of 5-phase seen in Fig.3 (1) becomes smaller as time
goes. This change of spectra is only possible when
IP is used for detection.
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Environments around Metallic Cations in Ni-Mo Solutions by AXS and EXAFS Methods
Eiichiro MATSUBARA*, Kozo SHINODA**, Masatoshi SATTO** and Yoshio WASEDA**
^Department of Materials Science & Engineering, Kyoto University
**Institute for Advance Materials Processing, Tohoku University
INTRODUCTION
Mo and W form oxo-complexes in aqueous
solutions and aren't electrodeposited by themselves.
Their alloy plating is, however, easily obtained in the
solution containing the transition metallic ions.
Although this has been known quite long time, its
mechanism has not been well understood yet. In the
present study, the AXS and EXAFS methods have
been applied to investigate the environmental
structures around metallic cations in these alloy
plating solutions.

Mo-O(

Mo

w
c

0.3MMo+0.5MNi
+1.0Mcitric

18

EXPERIMENTAL
Three kinds of aqueous solutions of Na2MoO4,
Na2MoO4 and NiSO4, and, Na2MoO4, NiSO4 and
NajCsHsO? were prepared. Their pH-values were
adjusted to 5.0 with dilute sulfuric acid. The
environmental structures around Ni and Mo ions in
each solution were determined by the AXS and
EXAFS methods. All these measurements were
carried out at BL-6B.
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Fig.l EXAFS RDFs for Mo ions.
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for a Mo ion
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RESULTS AND DISCUSSION
EXAFS RDFs for Mo ions in the three solutions
in Fig.l indicate that Mo ions form a MoO6
octahedron in the solutions and the second neighbors
of Mo-Mo and/or Mo-Ni pairs vary depending upon
the presence of Ni2+ and citric ions. The atomic
structure of the second neighbors are qualitatively
evaluated by the environmental RDFs in Fig.2
obtained with the AXS method. From these RDFs, it
is found that the total coordination numbers of Mo
and Ni ions at the second neighbor decrease from
about 3.0 to 1.4 by adding citric ions. The atomic
distance of the second neighbors for Mo-Mo(Ni) pairs
implies that these MoO6 and NiO6 octahedra are
connected by sharing their edges. By combining the
above RDFs for Mo ions with the environmental
RDFs for Ni ions, the Ni and Mo ions form quite large
clusters in Fig.3 in the solutions without citric ions.
On the other hand, as it is expected from Fig.2, these
large clusters in Fig. 3 might be decomposed to small
octahedral clusters in the solutions with citric ions. It
has been known that the electroplating of Mo and Ni
alloys can be carried out in this solution with small
clusters. Thus, this will give us a clue for its
mechanism.
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Fig.2 Environmental RDFs for Mo ions.

(b)

Fig.3 The arrangements of Mo(Ni)O6 octahedra in (a)
MO70246" and
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EFFECT OF HYDRO STATICITY ON THE CRYSTAL LATTICE UNDER PRESSURE
Masaaki YAMAKATA, Tadashi KONDO, and Takehiko YAGI
Institute for Solid State Physics, Univ. of Tokyo, Minato-ku, Tokyo 106
figure indicate that the apparent compressibility of mineral

Introduction
Diamond anvil cell (DAC) is commonly utilized as a
high pressure apparatus to study the behavior of mineral
under high pressure and high temperature. When the solid
sample was pressurized without pressure transmitting
medium in the DAC, a large non-hydrostaticity is generated
in the sample. On the other hand, when the sample chamber
is filled with a liquid pressure transmitting medium,
homogeneous stress is applied to the sample. In order to
clarify the effect of hydrostaticity on the crystal lattice,
high pressure in situ x-ray observations of cristobalite,
which is a high temperature polymorph of SiO 2, were carried
out under various stress conditions.

is affected by the hydrostaticity.

The deviatric stress

calculated from lattice strain was increased as soon as the
pressure was increased to a few GPa in the uniaxial
compression. In order to avoid these problems due to the
hydrostaticity, it is necessary to use rare gas, such as Ar
or Ne, as a pressure transmitting medium.
References
(1) Tsuchida, Y. and Yagi, T. (1990), Nature, 347,267-269
quasi-hydrostatic compression
28.0GPa 4h

Experimental
High pressure in situ x-ray observations were carried
out at BI^6Bor BL-13B2 in Photon Factory. The incident
x-ray monochromatized to 18keV was collimated into 80120n.ni* and irradiated on the sample. Diffracted x-ray
was detected by a flat imaging plate detector which was
set at the distance of about 150mm from the sample. In
order to obtain a good hydrostaticity, Ar, Ne, H2, and
methanol-ethanol mixture (4:1 by volume) were employed
as a pressure transmitting medium.

uniaxial compression
25GPa 5h

200

Results and discussion
In the case of the compression without using pressure
transmitting medium (uniaxiaJ compression), X I phase,
which was discovered by Tsuchida and Yagi (1990) w ,
was observed at 15GPa together with a few extra peaks.
(Fig.l) On the other hand, cristobalite transformed to
another high pressure phase at 18GPa in the experiment
using pressure transmitting medium (quasi-hydrostatic
compression). The diffraction profile of this phase can be
indexed according to rutile structure, though there was
always an extra peak (X peak). This discrepancy of the
high pressure phase is caused by difference of the
hydrostaticity. From this result, it is thought that the
hydrostaticity is an important factor for determination of
thermodynamically stable phase.

400

600

600

1000

distance from center (pixel)

Fig.l. X-ray diffraction profiles of high pressure phase
formed under quasi-hydrostatic condition (above) and
uniaxial condition (below).
quasl-bydrostatic compression
uniaxial compiession

10
Pressure(GPa)

20

Fig.2. Compression curve of cristobalite observed under

Fig.2 shows the unit cell volume of cristobalite observed
in the quasi-hydrostatic and uniaxial compression. This

quasi-hydrostatic condition (solid line) and uniaxial
condition (dotted line).
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PRESSURE-INDUCED STRUCTURAL PHASE TRANSITION OF OXYGEN
UNDER Mbar PRESSURE
Yuichi AKAHAMA1, Haruki KAWAMURA1 and Osamu SHIMOMURA2
'Faculty of Science, Himeji Institute of Technology, Kamigohri, Ako-gun, Hyogo 678-12
2
Photon Factory, National Laboratory for High Energy Physics, Tsukuba, Ibaraki 305
diffraction profiles obtained with BL16X (exposure time of 15 minutes) and ESRF-BL3 (that of
90 minutes ) stations. In 16X station, data with
equal to or higher quality are obtained in short
exposure time of one sixth, though tenth harmonic beam and a smaller collimator are applied
in ESRF-BL3 station. The structural phase transition accompanying a insulator-metal4 transition is
observed at 95 GPa in solid oxygen.' '

Introduction
Recently, a systematic metallization and structural sequence of the phase transition under high
pressure has been revealed
in S, Se, and Te of the
group VIb elements. 0 Metallization of these
materials occurs in a monatomic phase. Whether
or not such a systematic relationship is applied to
oxygen and which feature the metallic phase of
solid oxygen displays, molecular or monatomic,
are of great interest.
The Drude-type metallic behavior of solid O
has been 2)reported in reflectivity spectra around
100 GPa, the structural study under such a high
pressure region, however, is limited because of
the lack of high brilliance light sources. Recent
development of synchrotron radiation is finally
making it possible for us to obtain x-ray powder
patterns from light elements under high pressure,
which experiment has been restricted due to the
following limitations: x-ray passing
through anvils, a small sample size (10 * mm3), a small scattering angle (2 6 —35* ) and a small number of
electrons in sample. From these limitations, high
brilliance and high energy light source is indispensable for such an experiment. In this paper,
we present some x-ray diffraction profiles of
solid oxygen obtained by the use of different
light sources in KEK-PF and ESRF.
Experiment
A diamond anvil cell was used for high-pressure
generation. High-pressure x-ray diffraction experiments were carried out by an angle-dispersive method by the use of an imaging plate detector. Optical properties of three different stations
used here are summarized as follows: PF-BL6B (
2.5 GeV, 300 mA, Bending Magnet,
Si(l 1 l)monochromator, one-axis-focussing,
E=18keV,40 # m collimator); PF-BL16X (2.5
GeV, 300 mA, MPW(53 poles), Si(lll) monochromator, two-axes-focussing, E=25keV, 40 {i
m collimator ); ESRF BL3 ( 6.0 GeV, 125 mA,
U(64 poles), Bragg-Frenel Lens Si(lll) monochromator, one-axis-focussing, E=26 keV,
30x30 Una. collimator).
Results
Figure 1 shows the diffraction profiles obtained
with the stations of BL6B ( exposure time of 14
hours, 19 GPa ) and BL16X (that of 15 minutes,
13.6 GPa), respectively. The diffraction profiles
are from e -phase of oxygen, which crystal
structure has been proposed by S. W. Johnson.3) It can
be seen that x-ray beam from the BL16X station
is strong enough to permit the measurement under higher pressure region. Figure 2 shows the

mum fn« IPIH i»n«u

imuct raw ami

Fig. 1 Comparison of diffraction profiles obtained with BL6B and 16X stations.

tutua ttu* ami (HMII

Fig. 2 Comparison of diffraction profiles obtained with BL16X and ESRF BL3 stations.
References
1) Y. Akahama, etal, Phys. Rev. B48, 6862
(1993).
2) S. Desgreniers, etaLJ. Phys. Chem. 94. 1117
(1990).
3) S. W. Johnson, etal., J. Appl. Crystallogr. 26,
320 (1993).
4) Y. Akahama, etal, Phys. Rev. Lett. 74,4690
(1995).
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A New Method for Structural Analysis of Multi-layered Film
by Differential Anomalous Small Angle X-ray Scattering
Eiichiro MATSUBARA*, Masatoshi SAITO** and Yoshio WASEDA**
department of Materials Science and Engineering, Kyoto University, Kyoto 606
institute for Advanced Materials Processing, Tohoku University, Sendai 980
INTRODUCTION
Small angle x-ray scattering (SAXS) in the
reflection geometry is often used for studying the
periodic structure of a multilayer. Their peak
intensities are proportional to the square of the
difference between average x-ray scattering factors of
each layer. Since some multilayers with gigantic
magneto-resistance are composed of elements with
close atomic numbers, such as Fe, Co, Ni, Cu, etc.,
only weak diffraction peaks are expected. In these
measurements, the anomalous x-ray scattering effect
has been often applied in order to enhance x-ray
scattering intensity from the film. In the present
method, the differential intensity profile at incident
energies near the absorption edge of a constituent
element is used. We will introduce this new method
with an example of Cu/Co multilayer.

REFERENCE
K.Kato et al.: Mater. Trans. JIM, 36 (1995) 408-412.
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EXPERIMENTAL
A Cu/Co multilayer was deposited on MgO single
crystal at room temperature by the ion beam sputter
deposition method. Cu and Co layers of 1.0 nm thick
are alternately layered for 50 times.
The anomalous SAXS measurements were carried
out at BL-6B using the two incident energies at 7.686
and 9.200 keV which are indicated as Ex and E2 in
Fig.l. As it is seen in Fig.l, the measurements at E\
and E2 give the intense peaks and the background
intensity from the film, respectively.

7

8

9

Energy, £/keV

Fig. 1 Anomalous dispersion terms of Co and Cu and
1/^ - fCo? near Co and Cu K absorption edges.

RESULTS AND DISCUSSION
The scattering intensities observed at E\ and E2 in
Fig.2 are corrected for absorption and Lorentz
polarization factor, and converted to the intensity in
electron units per atom by using the monitors counts
of the ionization chamber placed just in front of the
film.
It is obviously seen in Fig.2 that the scattering
profiles observed at the two energies precisely give the
enhanced peak intensities and the background profile
of the film. The experimental evaluation of the exact
background intensity profile enables us to obtain even
the very weak higher order diffraction peaks. This will
provide us the further details of the interfacial
structure of the multilayred film.

Q I nm"
Fig.2 Scattering profiles of the Cu/Co multilayered
film at E] and E2 and their differential intensity profile.
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CONSERVATION OF A NOVEL HEXANUCLEAR CORE STRUCTURE OF
Fe( HI )-OXO COMPLEX IN AN AQUEOUS SOLUTION
Mitsunobu SATO
Lab. for Coord. Chem. & Catalysis Res., Kogakuin Univ.
Introduction
The polyiron systems with organic ligands are
interested from both biology and chemistry.
There is little information on the higher
nucleation mechanism from building blocks,
though di- or more highly nucleated oxo complexes of Fe( HI ) ions were extensively synthesized and characterized. 1 We isolated a
hexanuclear Fe( HI ) complex of 1,3-diamino2-hydroxypropane-N,N,N',N'-tetraacetic acid
with u -alkoxo and -oxo mixed bridges from an
acidic solution, and determined its structure
crystallographically, as shown in Fig. 1. It
was revealed that the structure is conserved
in an aqueous solution, from an XAS study.

presented in Fig. 2, for the crystal and the
aqueous solution are very similar with each
other. Each peaks can be assigned as shown in
the figure. In Table 1, the determined parameters for 2 are summarized along with the
corresponding parameters for 1, used in the
curve-fitting. From these EXAFS results, it
is clear that the hexanuclear core is rigidly
conserved in the solution.

t
3"
M

Fig. 1.

Experimental
XAS measurements were performed at BL 6B
with an S i ( l l l ) double-crystal monochromator. The data were obtained on polyethylene diluted pellet with an integration
time of 2 s/point for the crystal 1, and on the
97 mmol/1 aqueous solution 2 in a small cell
of thin polyethylene windows with that of 10
s/point. The aqueous solution 2 was obtained
by the dissolution of 1 in water at 50 °C. The
measurement was completed within 3 h after
the solution 2 was prepared and cooled to
ambient temperature. All of the XAS data
were measured in transmission mode at r.t.
The obtained data in 780 steps covering the
K-edge for Fe (7061—8211 eV) were analyzed
by using the systematic program EXAFS1 by
Kosugi et a l . n on HITAC M-680H at the
Computer Center of the University of Tokyo.
Results & Discussion
The radial structure functions, which are
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Fourier transform of the K'-weighted EXAFS data

Hexanuclear Complex 1 (crystalline) and 2 (aqueous solution)
EXAFS
Compound
(slalc)

shell

Fe-Af

1

1st
2nd
3rd

Fe-O/N
FeC

1st
2nd
3rd

(crystalline)

2
(aq. solution)

X-ray Cryst.

r', A

N*

a, A

2.044

r', A

N

6
6

0.054

2.05(8)

6

0.050

Fe-Fe

2.970
3.628

3

0.042

2.97(5)
3.63(7)

6
3

Fe-O/N
Fe-C
Fe-Fe

2.044
2.970
3.628

6.0
6.0
3.1

0.054
0.050
0.043
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XAFS STUDIES ON THE HETEROGENEOUS REACTION BETWEEN LEAD
FLUORIDE AND BENZYL BROMIDE IN ACETONITRILE
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Yoshiaki ITO, f and Takeshi MUKOYAMA*
The Institute of Scientific and Industrial Research, Osaka University, lbaraki, Osaka 567
^Institute of Chemical Research, Kyoto University, Uji, Kyoto 611, Japan.

The conversion process from NaF-PbF2 to
compound I was also monitored by PXD in
the latter series of solid samples. XAFS in
the course of the reaction process shows an
interesting phenomenon as follows. New
peak near 0.25 nm appears on the Fourier
transform for the Br A-EXAFS measured
immediately after the mixing of the starting
materials.
The peak remains during the
reaction but is not observed for both benzyl
bromide and the compound I. These results
suggests the presence of an intermediate from
NaF-PbF2 to compound I. Further XAFS
analysis on the reaction process is currently
under way.

Introduction
The use of inorganic solid surface in organic
reactions is a rapidly growing area of interests
owing to its possibility of the control of
reactivity and/or selectivity. We have studied
the solid-liquid interfacial organic reactions
with a view to inducing synergistic effect by
the combined use of inorganic solids.
A
combination of lead fluoride and a small
amount of sodium fluoride has been recently
found to accelerate the fluorination of benzyl
bromide in acetonitrile to give benzyl fluoride.
As the organic reaction proceeded, the
combined reagent was converted to a new
inorganic lead compound I, whereas lead
fluoride to PbBrF. In order to understand
this reaction pathway, we have tried to
observe the heterogeneous reaction by XAFS.
Results and Discussion
XAFS measurements with Lm-absorption
edge of Pb and K-absorption edge of Br were
carried out in the series of the direct aliquots
taken from the reaction mixtures periodically.
Another series of the solid moieties obtained
by filtration of each of the aliquots were
measured by XAFS. Both series of XAFS
measurements were similarly able to follow
the halogen exchange process between solid
lead fluoride and benzyl bromide in acetonitrile
as shown in Fig. 1.

c

NaF-PbF2 soUd
Fig. 1 Variation of Fourier tranforms for the
Pb I-EXAFS in the fluorination reaction.

+ compound I (Pb3BrF5)soiid
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ANOMALOUS X-RAY SCATTERING STUDY OF LOCAL STRUCUTURES IN THE
SUPERIONIC CONDUCTING GLASS (CUI) 0 .J(CU 2 0) 0 .35(MOOJ)O J5
Masatoshi SAITO", Kazumasa SUGIYAMA", Eiichiro MATSUBARA2' and Yoshio WASEDA 0
l)Institute for Advanced Materials Processing, Tohoku University, Sendai 980-77, Japan
2)Department of Materials Science and Engineering, Graduate School, Kyoto University, Kyoto 606, Japan
Much attention has recently been focused on the
Cu+ ion conducting glasses because of their higher
ionic conductivity in comparison with systems containing Ag+ ion. The CuI-Cu2O-MoO3 glass is one of
the typical superionic conducting glasses. Speculations on the structure of this glass system is based on
data from infrared spectroscopy and ionic conductivity, invoking models very similar to those for glasses
containing Ag+. However, these structural features
are not been well-recognized. The purpose of this
work is to identify the local atomic configurations
including interatomic distances and coordination
numbers, in the (Cul)o 3(Cu2O)0 35(MoO3)0 35 superionic conducting glass by applying the anomalous Xray scattering (AXS) method and the least-squares
analysis. The AXS measurements were carried out at
a beam line 6B.

ing structure get into the glassy oxide matrix keeping
the local environment similar to that in molten Cul.
(C.I) l ,' ) (C. 1 O),, M (MoO J L ! glass
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Figure 1 shows the ordinary interference function
Qi{Q) estimated from the scattering profile at the
single energy of 19.702 keV and the environmental
interference functions QAiMo(Q) and QAiCn(Q) of the
(CuI)o3(Cu20)o35(Mo03)o35 glass. Figure 2 shows the
ordinary and environmental RDFs obtained from the
differential interference functions by Fourier transformation. It is found that a Mo atom is surrounded
with 6.1±0.4 oxygens at 0.187±0.002 nm in the
(CuI)o3(Cu20)o35(Mo03)035 glass. This contrasts with
the previous result of tetrahedral MoO4 in this glass
drawn from infrared spectroscopy. The present results clearly lead to the conclusion that MoO6 octahedral unit as is more likely to be present in the glass. It
is also found in Table I that the coordination number
of nearest neighboring Cu-0 pair is 0.5±0.4 on the
average with the interatomic distance of 0.186±0.006
nm. Besides, a Cu+ ion is found to be surrounded
with 1.3±0.4 iodine ions at 0.261±0.004 nm. This
coordination number is distinctly smaller than the
coordination number of Cu-I pair in both crystalline
and molten Cul where four iodine ions are tetrahedrally coordinated around a Cu+ ion with an average
distance of 0.264 nm (940K). The value of 1.3 could
be, however, reduced to 4.3 per a Cu+ ion which is
generated from the Cul component. This local order-
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Fig. 1 The ordinary interference function Qi(Q) and
the environmental interference functions QAiMo(Q)
and QMcu(Q) of the (CuI)03(Cu20)o35(Mo03)o35
glass.
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Fig. 2 Ordinary RDF and environmental RDFs
around Mo and Cu. Vertical lines indicate the peak
positions determined by the least-squares variational
method.
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Structural Study of Zr7oGaiONi2o Amorphous Alloy by Anomalous X-ray Scattering Method
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**Institute for Advanced Materials Processing, Tohoku University, Sendai 980 Japan
INTRODUCTION
Recently, new type of amorphous alloys
exhibiting an extremely wide supercooled liquid
region have been reported. In the present study, the
environmental structures around all the constituent
elements in a Zr-Ga-Ni amorphous alloy have been
determined by the anomalous x-ray scattering (AXS)
method in order to understand the mechanism of its
good thermal stability.

alloy thermally destabilized.
REFERENCE
T.Ikeda et al.: Mater. Trans. JIM, 36 (1995), 1093.
400

EXPERIMENTAL
A Zr7oGa]oNi2o ingot were prepared by arcmelting pure Zr, Ga and Ni. From this master ingot,
ribbons of the Zr7oGaioNi2o metallic glass were
produced by a single-roller melt-spinning technique.
The values of the glass transition and crystallization
temperatures are 674 and 724 K, respectively. Some
of the ribbons were annealed for 120 s at 700 K in the
supercooled liquid region and others were also
annealed for 180 ks at 700 K so that the amorphous
sample was crystallized. The AXS measurements at
Zr, Ga and Ni K absorption edges were carried out at
BL-6B.

0

0.4
r/nm
Fig. 1 Ordinary RDF and environmental RDFs for Zr,
Ga and Ni in Zr7OGaloNi2o amorphous alloys.
200

RESULTS AND DISCUSSION
The environmental RDFs for Zr, Ga and Ni as
well as the ordinary RDFs in the as-quenched and
annealed Zr7OGaiONi2o metallic glasses are shown in
Fig. 1. By analyzing the first peaks of these RDFs, the
coordination numbers and atomic distances of the
nearest neighboring pairs for Zr-Zr, Zr-Ga and Zr-Ni
were determined. The atomic distances of all these
pairs are shorter than those calculated from the
Goldschmidt radii. This indicates the presence of the
strong chemical bonds between Zr and other elements.
The phases in the crystallized metallic glasses
were determined in Fig.2 by analyzing its energydifferential profiles at each K absorption edges. The
precipitated phases are reduced to be Zr6Ga2Ni and
Zr2Ni. This is consistent with those expected from the
ternary phase diagram of the Zr-Al-Ni system.
These results by the AXS method suggest that the
thermal stability of the present amorphous alloy is
closely related with the local atomic structure for ZrZr and Zr-Ga pairs and that the change of the local
atomic structure in the amorphous alloy toward that in
the precipitated phases makes the present amorphous
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Fig.2 AXS profiles at each K absorption edges in
crystallized Zr7OGaioNi2o amorphous alloys.
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Structural Study of Amorphous SiO, Film by GIXS Analysis
Eiichiro MATSUBARA*, Masatoshi SAITO**, Kunioki KATO** and Yoshio WASEDA**
*Dep. Mat. Sci. & Eng., Kyoto University, Kyoto, 606 Japan
** Inst. Adv. Mat. Proc, Tohoku University, Sendai, 980 Japan
atomic structure of the SiOx film grown in the
atmosphere with N2 gas resembles that of the SiO2
glass but on the other hand, the structure of the film
grown without N 2 gas contains some defects of O2'
ions in the SiO4 tetragonal network structure.

INTRODUCTION
Silicon oxide amorphous thin films of the order of
a few hundred nm or less are widely used as insulation
films for various silicon devices and protection films
of magneto-optical recording media. However, the
information of the atomic structure of such a thin
amorphous film has not been known well. In the
present study, the GIXS (grazing incidence x-ray
scattering) method has been applied to investigate the
local atomic structure of SiOx amorphous thin films of
200 nm thick grown in the gas atmosphere with or
without N2 gas.

SiO, amorphous film (200nm )
a«(SiO,)
1.0

Reflect

Lj||V W \ a«(Cr)

/

AJ

0.5

EXPERIMENTAL
Two kinds of SiOx amorphous films of 200 nm
thick were grown on Cr substrates deposited on a
glass plate of Corning 7059 glass by plasma enhanced
CVD. One SiOx film was deposited at 0.30 torr in
S1H4, N2O and He gas atmosphere. Another was
grown at 0.75 torr in SiH4, N2O and N2 gas
atmosphere.
The GIXS measurements were carried out at BL6B with the diffractometer which was originally built
for the in-house GIXS measurements (M.Saito et al.:
Mater. Trans. JIM, 36 (1995), 1).
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RESULTS AND DISCUSSION
The reflection curves of the two SiOx amorphous
films grown with and without N2 gas are compared in
Fig.l. The jumps at about 0.25° and 0.13° are
attributed to reflections by the Cr substrate below the
film and by the surface of the film, respectively. The
jump at about 0.03° may be attributed to the reflection
of the SiOx film by the higher harmonic of X/3 which
is diffracted by Si 333 of the double crystal
monochro-mator. Quite sharp oscillations due to
interference of the reflected beams by the SiOx surface
and by the interface between the SiOx film and Cr
substrate.
The scattering intensity from the SiOx films was
measured at the incident angle of 0.14° just above the
critical angle. By analyzing these intensity profiles,
the RDFs of these two samples were obtained as seen
in Fig.2. The coordination numbers and atomic
distances in the near neighbor region have been
evaluated from these RDFs. This implies that the local

1200

Si-O

Fig.l X-ray reflection profiles of SiOx amorphous
films of 200 nm thick grown on Cr substrate.
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Fig.2 Experimental RDFs observed by the GIXS
method in the SiOx amorphous films and by the
ordinary diffraction method in SiO2 glass are shown.
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STUDY ON THE STRUCTURE CHANGE OF AMORPHOUS Pd4lNi4lSil8 ALLOY ASSOCIATED WITH THE STRUCTURAL RELAXATION BY ANOMALUS X-RAY SCATTERING
Osami. Haruyama
Departement of Physiscs, Faculty of Science and Technology, Science University of Tokyo
2641 Yamazaki, Noda, Chiba 278, Japan

S(Q)-1 using the structure factor S(Q). The
QAi(Q)iow and AIcoh(Q)=Aiannealed - Ai
hh e d ,
where Ai is defined as Ai=Icoh(Q)low -<f 2 >ii oow
w
(Icoh(Q) high - <f2>high) are estimated from the
results of anomalous X-ray scattering and are
displayed in Fig.2. The AIcoh(Q) corresponds to
the difference in the local structure factors around
Ni atom between as-quenched and annealed
samples. The characteristics appearing in
QAi(Q)lab and QAi(Q)low are almost similar with
each other. On the other hand, Ai corresponding
to first peak in QAi(Q) is smaller for annealed
sample than for as-quenched one. This might
show that the correlation with longer distance
disappers and however one with shorter distance
doesn't increase significantly on regard to the
partial correlations around Ni atom.

As known well, the amorphous state is
unstable thermodynamically and it transfers to
more stable amorphous state by annealing. This
process is called the structural relaxation. The
structural relaxation is usually classified to two
categories in which are called the Topological
Short Range Ordering (TSRO) process and
Chemical Short Range Ordering (CSRO) one. The
origin of former procee is attributed to the
annihilation of the density fluctuation in the
sample. The later is explained as the atomic rearrangement associated with a correlation between the specific constituent elements in the
specimen. Amorphous alloys are usually composed of some constituent elements. Therefore,
scattering experiments carried out previously are
concentrated on the average information on the
structural change due to the structural relaxation.
In this study, we reveal the local structure change
around Ni atom of amorphous Pd4iNi4iSii8 alloy
with the progress of TSRO process by means of
anomalous X-ray scattering.
Procedure
Amorphous ribbons were prepared with
usual melt-spinning technique. The amorphicity
of samples was confirmed by X-ray diffraction,
differential scanning calorimetory (DSC). The
samples were pre-annealed at 603 K for 330 s to
occur TSRO process. Usual X-ray scattering
experiments were carried out at the laboratory with
Mo-Koc radiation with the curved graphite
monochrometer in the diffraction side. Anomlous
X-ray scattering experiments were carried out at
BL6B line of PF. The beams with the ener-gies
of 8.032and 8.307 keV which are 300 and 25 eV
under Ni K-absorption edge, respectively, were
selected by the monochrometer.
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Figure 1 shows the difference in the
interference function QAi(Q) lab =Qi(Q) annealed where
^ Q ) i s d e f i n e d ^ KQ)=
QKQJquenched'
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AN EFFECT OF COUNTER ANIONS ON THE MICROSCOPIC SURFACE
STRUCTURE OF ZnS NANOCRYSTALLITES IN N,N-DIMETHYLFORMAMIDE
Hiroji HOSOKAWA, Kei MURAKOSHI, Yuji WADA, Shozo YANAGIDA, Mitsunobu SATOHt
Graduate School of Hngineering, Osaka I University, Suita, Osaka 565, Japan,
tllaboratory for Coordination Chemistry and Catalysis Research, Kogakuin University, Hachioji, Tokyo 192, Japan

r=2.03 A, CiV= 1.1) should be terminated by the
more sulfur atoms and be solvatcd by the less
DMF molecules than those of ZnS-DMF-ClO4
(Zn-S; r=2343 A, CW=3.1: Zn-O; r=2.06 A,
CN=2A).
The EXAFS-analyzed surface structure of ZnSDMF well explained optical properties of ZnSDMF. We found that the addition of Zn2+ ions
into the system of ZnS-DMF-CIO4 did not affect
their absorption spectrum.
In contrast, the
addition of Zn2+ ions to ZnS-DMF-SO4 and -Acinduced red-shifts of the absorption onsets,
which should be due to the monolayer growth of
ZnS
nanocrystallites by the reaction of the added
Zn2+ ions with excess sulfur on the surface of
ZnS nanocrystallites.
In conclusion, the effects of the coexistent
anions on the microscopic surface structure of
semiconductor nanocrystallites were
first
confirmed by in-situ EXAFS measurements.
References
1) H. Hosokawa et al. J. Phys. Chem. in press.
2) H. Hosokawa et al. Langmuir to be submitted.
3) M. Kanemoto et al. J. Chem. Soc, Faraday
Trans, in press.

Introduction
Semiconductor nanocrystallites have attracted
considerable attention due to their unique
properties which are not present in bulk
materials. Understanding characteristics of the
microscopic surface structure of nanocrystallites
is the most important subject because of their
large surface-to-volume ratios. However, no
report on in-situ observation of the microscopic
surface structure of colloidal nanocrystallites in
solution has been published. Recently, we first
obtained in-situ information regarding the
microscopic
surface
structure
of
CdS
nanocrystallites by means of in-situ Cd K-edge
EXAFS measurements for colloidal CdS
nanocrystallites
in
N,N-dimethylformamide
(DMF) solution, l) The EXAFS analysis revealed
that CdS nanocrystallites were stabilized by
solvation of the oxygen atoms of DMF to the
cadmium atoms on the surface of CdS in DMF,
and that the microscopic surface structure of the
solvated CdS nanocrystallites was changed by the
surface modification with thiol molecule or with
S2- ion. In this paper, we deal with EXAFS
analysis of DMF-axmiinatcd surface of ZnS
nanocrystallites whose microscopic structures
depend upon the choice of zinc salts as a source
ofZn2+.Z)
Experimental
Colloidal ZnS nanocrystallites in DMF (ZnSDMF, mean diameter 3 nm, hexagonal)
were
prepared as previously described:3) H2S gas was
introduced into an argon-purged DMF solution (5
mL) of a zinc salt (10 mM) with vigorously
stirring on an ice bath. The resulting colorless
solution of ZnS-DMF was purged with N2 gas
for 1.5 h to remove unreacted H2S. The ZnSDMF
prepared
from
Zn(C104)2-6HoO,
ZnSO4-7H2O, and Zn(CH3COO)2-2H2O are
abbreviated to ZnS-DMF-ClO4, -SO4, and -Ac,
respectively.
In-situ Zn K-edge EXAFS
experiments (BL-6B, Si( 111)) were performed in
the fluorescence mode at room temperature. The
EXAFS data were analyzed according2 to the
previously described standard procedure. )
Results and Discussion
Figure 1 shows phase-uncorrected Fourier
transforms of k^xik) for ZnS-DMF-ClO4, -SCM,
and -Ac. Note that the magnitude around 1.7 A
in the transforms of ZnS-DMF-SC>4 and -Ac were
smaller than that in ZnS-DMF-ClO4, suggesting
the less contribution of the scattering by oxygen
atoms of DMF. Two-shell fitting results for
Fourier-filtered k^x(k) of ZnS-DMF indicate that
the surface zinc atoms of ZnS-DMF-SC<4 (Zn-S;
7=2.333 A, CN=3.9: Zn-O; r=2.06 A, CW=1.4)
and -Ac (Zn-S; ^2.346 A, CN=3.H: Zn-O;

1

2 , 3
r;A

Figure 1. Phase-uncorrected Fourier transforms of
k-^k): (a) ZnS-DMF-ClQ,, (b) ZnS-DMF-SQt,
and (c) ZnS-DMF-Ac.
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Introduction
Since the discovery of superconductivity in CeoKs, many
attempts to dope a wide variety of atoms or molecules into
fiillerenes have been made.
The structure sequence of
fcc(x=3), bct(x=4). bcc(x=6), M-saturated fcc(x=9) phase
was observed in CTOKX. They were not superconducting
down to 1.3 K.1 This structure sequence was in common
fcr CioRb* and C--oCsx. The purpose of this study is to
determine the structure of C-!OMX down to low temperature
and to clear how the superconductivity is absent in CTOM*
from the structural point of view.
We at first measured the
diffraction profiles for C?oMx at room temperature.
Experimental
The single phases C?oMx (M=K. Rb, Cs and x= 1, 3,4,
6. 9) were synthesized from the reaction of the mixture of
stoichiometric amount of C-0M» and C->o. The specimens
were set in a Pyrex glass tube with a capillary.
The xray-d\ffraction analysis was earned out by using synchrotron
radiation at Photon Factory(BL-6B).
The x-ray
radiation was monochromatized at A =0.8500 A by
Si( 111) double monochrometer. Imaging plate(IP) was used
as a detector.
Results and Discussion
The quality of the profile was greatly improved for Rb
case.
Figure. 1 shows the profile for C7oRb0 obtained by
using MoKa radiation in our laboratory.
This CvoRb*
has been assigned to be a bec structure with a lattice constant
of 12.11 A. 2
The diffraction profile for C7oRbx by using
synchrotron radiation is shown in Fig.2.
The major
phase of the starting C?o was assigned to be an fee structure
with a=14.91 A .
C^oRbi, C-0Rbi. and C^Rbo were
assigned to be an fee structure with a=14.84 A. a bet
structure with a=12.69 A and c=l 1.25 A, and an fee
1
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Fig.2. X-ray-diffraction profiles for C-0Rbx by using
synchrotron radiation, where x=(), 1. 4. 6, and 9.
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structure with a=15.99 A. The major three peaks of the
x=6 phase shown arrows were split.
This may suggest
the low symmetry phase or the mixture of more than two
structures. The assignment is now under investigation.
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Introduction
There has been a recurring interest in the pressure-induced structural phase transition of the
average valence IV compounds owing primarily
to the development of the imaging plate technique coupled with diamond-anvil cell. 0 Many
of the high pressure phases hitherto assigned, for
example to the /? -Sn type, were recently corrected otherwise.
Studies on AlSb are to some extent under the
similar situation. A high-pressure phase appearing at about 8 GPa has been assigned to /? -Sn
type, NaCl-type, or orthorhombic. The controversy is basically caused by the hygroscopic nature of this material as well as by the difference in
the pressure environments.
This study was performed by carefully handling the sample to avoid water and by loading
the sample in a hydrostatic condition.

GPa. In detail, assignment to /3 -Sn was unsuccessful. Also, the NaCl-type structure could not
explain the diffraction pattern of AlSb-II. An
orthorhombic structure could analyse the pattern
but the fluctuations in the lattice paramters were
much bigger than in the case of the tetragonal lattice parameters. It appears from these considerations that the AlSb-II crystallizes in the tetragonal structure.
Thre number of diffraction peaks of AlSb-III
becomes remarkably decreased. Besides, the
peaks were broadened. These facts suggest
amorphization of AlSb-III.

Experiment
Powder sample of AlSb packed in a can was
opened in nitrogen atmosphere and loaded in a
gasketed diamond-anvil cell. A mixture of
methanol and ethanol with a ratio 4:1 in volume
was employed for the pressure-transmitting medium. X-ray diffraction was carried out at BL-6B
at a wavelength of 0.6888 A. Diffracted x rays
were recorded by an imaging plate.
Results and discussion
Figure 1 shows interplanar spacings of AlSb
plotted against pressure. Discontinuities arising
from structural phase transitions are observable
at about 8 and 48 GPa, thus separating AlSb-II
from AlSb-I and AlSb-III from AlSb-II, respectively.
The structure of AISb-II was interpreted on
the basis of a tetragonal structure with lattice parameters a=5.082(5) A and c=6.338(5) A at 14.7
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Fig. 1 Pressure dependence of the interplanar
spacings of AlSb.
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Introduction
Zn and Cd are unusual for hep metals having
large cla axial ratios [Zn cla = 1.856, Cd cla =
1.886]. The reason for the distortion from the
ideal hep structure with cla =1.633 is given by
the gain in the band-structure energy. Pressure
modifies the band structure, and hence, affects
the bonding anisotropy and axial ratios.
A recent high-pressure Mossbauer experiment
on Zn showed a discontinuous change in the
Mossbauer spectra at about 6.6 GPa and at 4 K
[1]. The discontinuity has been attributed to the
change in the topology of the Fermi surface under
pressure, the electronic topological transition
(ETT) [1]. After the Mossbauer experiment, an
anomaly in the volume-dependence of the axial
ratio of Zn was found at cla = VJ for the pressure
of 9.1 GPa and at room temperature [2]. Since
the pressure is close to that of the anomaly in the
Mossbauer spectra, the origin for the anomaly is
considered to be the ETT. On the other hand, it
was difficult to find a reason for the axial ratio to
be a special value VT [2]. In order to settle the
problem, it is highly desirable to carry out the xray study on Cd and to see whether the anomaly
in the axial ratio can be observed at cla - VT.
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Fig. 1 Volume-dependence of the c/a
axial ratio of Zn and Cd. V o denotes the
volume for each metal at normal pressure.

A clear change is observed in the slope of
the volume-dependence of both metals at a
common value of the axial ratio cla - VJ (Zn:
P - 9.1 GPa, Cd: P - 12.5 GPa). In other
words, the anomaly in the axial ratio
commonly exists for hep metals at cla = V3~.
It seems difficult to explain the anomaly from
the ETT, since there is no reason for Cd to
undergo the ETT at the same axial ratio as
that of Zn. It is more reasonable to assume
that the origin might be a change in the elastic
properties of the hep lattice at cla = V3~ [3].

Experiments
Angle-dispersive high-pressure powder x-ray
diffraction experiments on Cd were carried out on
the BL-6B with the diamond-anvil cell and an
imaging plate. X-ray energy was 18.00 keV.
Results and discussion
Figure 1 shows the variation of the cla ratios
of Zn and Cd as a function of the relative volume.

103

References
[1] W. Potzel et al, Phys. Rev. Lett. 74,
1139(1995).
[2] Takemura K., Phys. Rev. Lett. 75, 1807
(1995).
[3] Takemura K., in the Proceedings of the
15th AIRAPT International Conference
on Science and Technology of High
Pressure, Warsaw, 1995.

95-G156
X-RAY STRUCTURAL ANALYSIS FOR DETERMINING CATION DISTRIBUTION
IN ZnFe2O4-Fe3O4 SOLID SOLUTIONS
Kazumasa SUGIYAMA0, Masatoshi SAITO2), Kozo SHINODA2) and Yoshio WASEDA2)
l)Institute for Materials Research, Tohoku University Aoba-ku, Sendai 980-77, Japan.
2)Institute for Advanced Materials Processing, Tohoku University Aoba-ku, Sendai 980-77, Japan.
Introduction
Spinel ferrites are expressed by the formula of
MFe3+2O4, where M is a divalent transition metal cation.
They have interesting electrical and magnetic properties
which are controlled by the distribution of cations0. The
use of the anomalous X-ray scattering at energies near the
absorption edge of M is one of the best ways to determine
the cation distribution of M, since there would be an appreciable difference in the crystallographic structure factors.
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Experimental
A pure ZnFe2O4 sample was prepared from commercial
powder by heating at 773 K for 60 hours in air. As for
xZnFe20 4 -(l-x)Fe 3 0 4 solid solutions, regent powders of
ZnO and Fe2O3 were mixed so as to yield nominal compositions with x=0.75, 0.55 and 0.35. The mixtures were
heated at 1663 K for 6 hours in air and quenched to room
temperature. The AXS measurements were carried out at
6B beam station. The details of the experimental set-up
for the AXS measurement have already been described2'.
The incident energies used in the present measurements
are 9.511 and 9.636 keV, which correspond to 150 and 25
eV below the Zn K absorption edge. Diffraction data were
collected over the range 20=20 to 70°.
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Fig. 1 Energy dependence of the integrated intensity for
ZnFe2O4 measured with two energies of 9.636 and
9.511keV.
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Results and Discussion
Fig. 1 shows the intensity profiles of ZnFe2O4 as an
example. The detected energy dependence ^hki.exp
(numerical values in Fig. 1) should be attributed to the
anomalous dispersion effect of Zn2+, because the effects
arising from other components appear to be insignificant
at these energies. Since the anomalous dispersion effect of
Zn on the structure factor at two energies can readily be
calculated from the parameters u and B, obtained by the
common Rietveld analysis3', the site occupancy of Zn can
be quantitatively determined by comparing the measured
^hkUxp with the calculated /^.cai- For convenience, flowchart of the present analytical procedure for determining
the cation distribution is illustrated in Fig. 2. This improved X-ray analysis for determining cation distribution
has been systematically applied to the ZnFe204-Fe304
solid solution. Zir* cations appear to reside in the tetrahedral position in ZnFe204-Fe304 solid solutions, at least in
the composition range and synthetic conditions employed
in this studv

I
I Rietveld analysis

r

hkl,cal

Cation distribution ( sp ) \

I Results |
Fig2. Flow-chart of the iterative procedure used in the
present AXS analysis.
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INTRODUCTION

from 50% to 0.5%; if the Cr-rich phase occupies
more than about 50% of the entire volume, then
the Cr atoms in the Co-rich area would be depleted for the case of 38% of Cr in the Cr-rich phase.
The Cr atom concentration in the Co-rich phase is
determined by any given (but less than 50%) percentage of the Cr-rich phase in the entire film.
We carried out a 'best fit" analysis for the
cases in which the Cr-rich phase occupies 50, 30,
20, 10, 5 and 0.5 % of the Co-Cr film; this was
made for each sample A, B and C with two cases
(38% and 30% Cr in the Cr-rich phase).
In a
series of analyses, parameters such as atomic
distance and mean free path were fixed and only
the Debye-Waller factor o was freed. For the
evaluation of the fitting, we judged by use of
the reliability factor (R-factor), defined as
R = { Z [k." x o b " (k.) - k n " z c '' (k.)]}/£ k." x ° b ' (k.)
where m stands for the number of data points.
Fittings were made for the Cr K-edge. As starting parameters, we used the data obtained from
the one phase analysis made for the Co K-edge;
nearest-neighbour distane R = 2.508A, oco-c<> =
0. 101A and o c. -c- = 0. 055A.

Our past attempts to prove (or disprove) the
existence of heterogeneous phases in Co-Cr sputtered films by means of EXAFS have not brought a
definite conclusion so far[l,2]. As long as CoCr films had the hep structure, Fourier transforms of their EXAFS at the K-edge of Co was similar to those of the Co foil and were not so
different from those in Co-Cr films prepared at
various substrate temperatures.
However, there
seemed tn be a slight differences among their
XANES structures; hence, we tried further examination of EXAFS after preparing a scries of Co-Cr
films.

EXPERIMENTAL
Three kinds of Co-Cr films prepared by the
Film Research Laboratory of Teijin Limited were
utilized; sample A, B and C had the coercive
force Hci of 1150 Oe, 700 Oe and 200 Oe, respectively.
Crysantheraum patterns[3] were observed
after chemical etching in sample A but not in C
(TEM observation was made by Structure Analysis
Laboratory of Teijin).
Co-Cr powder was obtained
by filing a Co-Cr ingot prepared from Co and Cr
under Ar atmosphere.
The composition of all the
samples was Co:80 and Cr:20.

The R-factor thus obtained are listed in the
Table. The R-factor is smallest for sample A
when the Cr-rich (30%) phase is 50%, while it is
smallest for sample C when Cr-rich phase is zero.
Hence, sample A which has high Hci as 1150 Oe and
was observed crysanthemum patterns, fits the twophase model better than the one-phase model.
Sample C (H e i = 200 Oe) fits the one-phase model
better than the two-phase model. Since the obtained differences in the R-factors were very
small, more rigorous examinations may be necessary. But, such a possibility was shown here.

The XAFS measurements were made on BL-6B and
7C.

RESULTS and DISCUSSION
Co-Cr crystal is hep with a = 2.512A and c =
4.070A, when the Cr content is less than 40%.
Since the difference of atomic distances of the
nearest and second nearest neighbours is less
than 0.02A, we dealt these 12 atoms as nearest
neighbours and attributed the difference of these
distances to Debye-Waller factor o .
Analysis was made assuming a two phase model;
Co-Cr was assumed to consist of Co-rich (Co>80%)
and Cr-rich (40%>Cr>20%) portions.
In the actual
analysis, we dealt with two cases of Cr concentration in the Cr-rich phase: 30% and 38%. The
fractional weight of the Cr-rich phase was varied

[1] I.Ouchi et al.
Magn. Mater. 1
[2] I. Ouch i et al.
S-l, 23.
[3] Y. Maeda et al.
L668.

Table: R-factors

Proc. 2nd Int. Synm. Phys.
(1992) 339.
J. Magn. Soc. Jpn. 18 (1994)
Jpn. J. Appl. Phys. 25 (1986)

inthe best fits for samples A ( H c ± = 1 1 5 0 Oe), B (700 Oe) and C (200 Oe).
Fraction of Cr-rich phase in Co-Cr
50%
0. 5%
5%
Kl%
20%
30%
case 1. Cr concentration in the Cr-rich phase: 30%.
Sample A
0.135
0. 13 2
0.12s
0. lOo
0. 10,
Sample B
0. 1 12
0. 1 1 o
0. llo
0. U s
0. 14 2
0. H i
Sample C
0. 09o
0. 09,
0. 097
0. 10B
case 2. Cr concentration in Cr-rirh phase: 38
0. 10a
0. llo
Sample A
0. Mo
0. 126
0. 154
Sample B
0. llo
0. 1 1 7
0. 13o
0. 12o
0. 12,
0. O9o
0. 09s
Sample C
0. 09,
0.09s
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ETHANOL SYNTHESIS FROM CARBON DIOXIDE ON [Rh,0Se]/TiO2
CHARACTERIZED BY X-RAY ABSORPTION SPECTROSCOPY
Yasuo IZUMI, Hiroshi KURAKATA, and Ken-ichi AIKA
Interdisciplinary Graduate School of Science and Engineering, Tokyo Institute of Technology,
4259 Nagatsuta, Midori-ku, Yokohama 226

Rh K-edge XANES

Introduction

In contrast, the Rh K-edge XANES
showed gradual decrease of the peak around
23230 eV as the heating temperature was
elevated. The peak intensity for [Rh10Se]/SiO2,
[Rh10Se]/Al2O3, and [Rh,0Se]/MgO were similar
to those for [Rh10Se]/TiO2 heated at 813, 623,
and 523 K, respectively.

The emission of CO2 is one of the main
environmental problems. Recently, we found
that the [RhjQSe]/riO2 synthesizes ethanol from
XAFS (EXAFS, XANES)
CO. + H,
characterization is crucial to explain the origin of
ethanol synthesis on [Rh10Se] in terms of
structural and electronic effects. The combined
analysis both at Se K-edge and Rh K-edge
increased the credibility of the results.

Relevance to Ethanol Synthesis
In
the viewpoint of
catalysis,
[Rh10Se]/SiO2, /A12O3, and /MgO were useless
(they produced only methane from CO2). In fact,
the coordination number (N) around Rh atom
obtained from Rh K-edge EXAFS explained the
support effect for [Rh 10 Se]: the total N was
always smaller for the three catalysts compared to
corresponding [Rh|0Se]ATiO2, suggesting the
preferable surface process CO2 —>-CO(a) + O(a)
and the poisoning of Rh site by CO(a) on these
useless catalysts.

Experimental Method
The catalysts were prepared from
[PPN] + 2 [Rh, 0 Se(CO) 22 ] 2 ". 1 )
XAFS
measurements were performed at beamline 6B for
Se K-edge spectra for [Rh10Se]/TiO2 in
fluorescence mode and at 10B for the others in
transmission mode.
Results and Discussion

EXAFS
The

[
Rh-Se value was smallest (2.41 A)
when the catalyst was heated at 623 K. In the
range of heating temperature 523 - 813 K, the
activity and selectivity for ethanol synthesis were
also best at 623 K. The r S e R h values coincided
with the corresponding r Rh Se values within the
error of 0.01 A.

Se K-edge XANES
The Se K-edge XANES spectra were
shown in Figure 1.
When the heating
temperature was elevated for [Rhj0Se]/TiO2 from
523(i), 623(j), and 813 K(k), the area of ls->4p
peak which appeared around the edge exhibited
negligible changes (Figure 1(B)). The area was
estimated by peak deconvolution ((C)). In
comparison to several model compounds which
contain Se, the peak area was very weak for
[Rh,0Se]/TiO2, demonstrating electron withdraw
effect of interstitial Se atom of [Rh,0Se]/TiO2.

Photon Energy / keV

Figure 1. Se K-edge XANES spectra.
(B) [Rh,0Se]/TiO2 heated in vacuum at 523(i),
623(j), and813K(k).
(C)
Peak deconvolution analysis for
[N(PPh 3 ) 2 ] + 2 [Rh 10 Se(CO) 22 ] 2 -( b )
and
[Rh10Se]/TiO2 heated at 623 K(e).
References
1) H. Kurakata, Y Izumi, K. Aika, /. Chem.

Soc, Chem. Commun., 389-390(1996).
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DETERMINATION OF THE ANOMALOUS SCATTERING FACTORS NEAR ABSORPTION EDGE BY
TRANSMITTED ROCKING CURVES
Shengming ZHOU*', Masami YOSHIZAWA**, Tomoe FUKAMACHI", Riichiro NEGISHI^, Kenji EHARA*-,
Takaaki KAWAMURA' 3 and Tetsuo NAKAJIMA' 4
Anhui U n i v . ' ' . Saitama Inst. of Tech.' 2 , Yamanashi Univ.' 3 , KEK-PF'"
Introduction
We measured the diffracted and the transmitted rocking
curves of GaAs 200 reflection near Ga K-absorption edge in
Laue case. The experiment was carried out to use the
synchrotron radiation at BL-6C1 in KEK-PF and the incident
beam monochromatized by Si (111) double-crystal
monochromator at (1,-1) setting. The change that was
influenced by the X-ray resonant scattering appeared in the
transmitted rocking curves. The anomalous scattering
factors of the real part (f) and of the imaginary part (f') were
obtained by the profile fitting method from the measured
transmitted rocking curves. The theoretical calculation of
the profile fitting was done by varying fc« and f'o». We
compared the obtained anomalous scattering factor with
those obtained by the previous studies.
Experiment
The GaAs sample has the EPD value less than 500cm 2 which
contains about 0.04 In atoms per unit cell. Its surface plane is
(010). It was processed into the parallel-side plate of the
thickness of 134 ± 1 V m. The monochromated X-ray after the
monochromator is diffracted from the sample. Its diffracted
and its transmitted intensity are measured by a scintillation
counter and SSD, respectively. The rocking curves of the
measured transmitted intensities are shown in Fig. 1. The
rocking curve at the upper in figure, at 18.6 eV below the Ga
K-absorption edge (10368.4 eV), has a dip just at the Bragg
angle. However, the rocking curve at the bottom in the figure,
just at the Ga K-absorption edge, has a peak at the Bragg
angle. The rocking curve of the diffracted intensity has
always a peak just at the Bragg angle.

Result and Discussion
The theoretical calculation in the profile fitting was done by
using the formulae of dynamical diffraction given by
Fukamachi & Kawamura" and Fukamachi et aJ.->, which are
applicable to even in the case of the dynamical diffraction
only due to f". Fig. 2 shows the calculated rocking curves best
fitted to the measured rocking curves by changing f Ga and
f'Ga. In this calculation, the angular divergence of the
monochromator was corrected to compare with the measured
rocking curves.
Fig. 3 shows thus obtained fc» and f'aa in profile fitting
method (the bold lines). The thin lines and the thin broken
lines in Fig. 3 show the theoretical calculation by Sasaki31
(indicated by CLS) and Parratt & Hempstead** (indicated by
PH), respectively. The bold broken lines show f" obtained
from the measured absorption coefficient through tho
dispersion relation6) (indicated by FHKO). The bold lines in
this study agree well with the bold broken lines. Moreover,
these lines appear XANES above the absorption edge.
References
1) T. Fukainachi and T. Kawamura, Acta Cryst.. A49. 38 I
(1993)
2) T. Fukamachi, R. Negishi, and T. Kawamura, Acta Cryst..
A50, 475 (1994).
3) S. Sasaki, Report 88-14 M/D, Photon Factory, KEK. 1
(1989).
4) L. G. Parratt and C. F. Hempstead, Phys. Rev., 94, 1593
(1954).
5) T. Fukamachi, S. Hosoya, T. kawamura and M. Okunuki.
Acta Cryst., A33, 54 (1977).

GaAs200(Pd/Po)
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Fig.l The measured rocking curves.
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Fig. 2 The calculated rocking curves.

ENERGY ( e v )
Fig. 3 f'oa and f'oa near Ga Kabsorption edge.
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Introduction
Amorphization from the quenched high pressure phase with the /3-Sn structure has been
studied for many semiconductors [1-3]. Results were analyzed by using a configurationcoordinate model. As the amorphization depends on the height of potential barrier AU between the two phases of the before- and afterphase transitions, it is interesting to study the
path dependence of the phase transition in IIIV 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(BL6C1). Pressure was generated by a diamond
anvil cell with bellows.

from 140 K to 260 K when temperature is increased at 5 GPa. The path dependence of the
phase transition is summarized in Fig.l.
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(Fig.2). At 300 K,
however, diffraction peaks from the zinc-blende
phase were also observed.
From the comparison of the results to the
phase transition in other III-V compounds, it
is concluded that the amorphization is universal in tetrahedrally-bonded materials. Large
height of AU and difference in the pressure coefficients between AU to the zincblende phase
and that to the amorphous phase cause the
crossing of AU with pressure. The ionic character in the bonding lowers AU and narrows
the region of the amorphization.

Results and discussion
When pressure was released at low temperature, the high-pressure phase was quenched
for GaAs and GaP. In GaAs, amorphization
from the quenched high-pressure phase occurs

300

10
20
PRESSURE/GPa

10
20
PRESSURE/GPa

30

Fig.l Path dependence of the phase transition
for GaAs. Black: high pressure phase; light
hatched: zincblende phase; strong hatched:
metastable crystalline phase; white: amorphous
phase.
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30

Fig.2. Path dependence of the phase transition for GaP. Black: the high pressure phase;
hatched: the zincblende phase; white: amorphous phase.
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1. INTRODUCTION
Studies of lattice defects in solid He by
synchrotron radiation (SR) white X-ray topography
at BL^CjOf Photon Factory have been intensively
performed by 3He-4He dilution refrigeratorjl].
Observation of migrations of sub-boundaries in He
by annealing effect were attemptted by white X-ray
topographs taken by use of Ilford L4 emulsion
plates, although it is hard to discern the similar
behavior in 3He [1] described in [H] in this Activity
Report.

(a)

(b)

2. EXPERIMENT AND RESULT
The aim of all X-ray topographic method is
to provide a picture of the distribution of the defects
in a crystal, and X-ray images may be thought of
as arising in two ways, i.e., orientation contrast
and extinction contrast. The latter is ineffective,
since dynamical theory of X-ray diffraction could
not be applied to the crystallographic study of solid
helium due to several peculiarities of X-ray diffraction. The former can be interpreted quite simply
geometrically without recourse to dynamical
theory. A channel cut monochrometor of (220) was
prepared for enhancement of orientation contrast.
By using (220) monochrometor irradiated by an
incident beam of 3mm x 0.1mm, the effect of
annealing on texture of 4He crystal down to about
0.3mK by the four or five fixed point observation
were taken on about every three hours, together
with the diffraction patterns by scanning the
incident beam due to the tilt of the monochrometer
over 0.4 degree near the scattering angle.
Any remarkable change in texture of the
crystal in topographs could not be found in both
of white and monochromatic x-ray topographs of
"He. Diffraction patterns could not show drastic
change.

en T

fl
(O
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o

References
[l]T.Nakajima et ai, J. Appl. Crystallo. 28 (1995)
375.

the elapsed time. (a)951222 00:20, white x-ray,
553mK, 4295kPa, (b)951222 07:36, 10.9713keV
x-ray, 326mK, 4274kPa, (c)951222 10:30,
10.9713keV x-ray, 4256kPa, (d)951222 17:14,
white x-ray, 378mK, 4228kPa. The term "951222
00:20" expresses am 00:20, 22th Dec, 1995.

__

Fig. 1. Variations of the texture in (11 01) spot
of solid 4He [(a)~(d)] taken by white and monochromatic X-ray topographs are shown in order of
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1. INTRODUCTION
One of remarkable results is that migrations
of sub-boundaries only in 3He were observed in
annealing treatment by transmission topographs of
white X-ray taken by Ilford L4 emulsion plates
[1]. Generally, migration of subboundaries which
is microscopically supported by climbing motion
of vacancies through dislocation is promoted by
thermal activated process. However, it suggests that
migration of subboundaries might take place only
by a quantum tunneling effect at such low temperatures below IK.
2. EXPERIMENT AND RESULT
A channel cut monochrometor of (220) was
prepared for enhancement of orientation contrast.
By using (220) monochrometor irradiated by an
incident beam of 3mm X 0.1mm, the effect of annealing on texture of 3He and 4He crystals down to
about 0.3mK by the four or five fixed point
observation were taken on about every three hours
by emulsion plate, together with the diffraction
patterns by scanning the incident beam due to the
rotation of the monochrometer over 0.4 degree near
the vicinity of the scattering angle.
Both of white and monochromatic x-ray
topographs of 4He could not be found any
remarkable change in texture of the crystal. In
contrast, topographs of 3He show prominent
changes. These results agrees very well with the
previous works [1]. After 900 min., the pattern of
topographs of He changes drastically and after
that, texture of 3He had been quenched without
any change by annealing. It will be reconfirmed
near future. Diffraction patterns change drastically,
too.

(a)

1 j

(b)

(c)

(d)
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o
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Fig. 1. Variations of the texture of (110) spot of
solid 3He [(a)~(d)] taken by SR white and
monochromatic X-ray topographs are shown in
order of the elapsed time. For example, 951118
16:24 depicts year month date and time in order.

(a) 951118 16:24, white x-ray, 506mK, 3100kPa
(b)951118 23:20, 15.7598keV x-ray, 488mK,
3100kPa, (c)951119 01:23, 15.7598keV x-ray,
502mK, 3100kPa (d)951119 11:01, white x-ray,
575mK, 3100kPa
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Introduction
For studying x-ray dynamical diffraction very close t o
an absorption edge, Fukamachi & Kawamura(1993) 1 )
(hereinafter referred t o FK) have presented a formula of
the diffraction intensity, which is applicable even when
%hr=0- Here and in the following, the Fourier coefficients
of the real and imaginary parts of the X-ray polarizability
are expressed by xhra ° d %u, respectively.
Based on the formula, w e have studied t h e
asymmetrical Laue transmission, t h e Borrman effect
using the complex dispersion surface. 2 *' 3 '
In the present experiment, the G a K fluorescence yield
around GaAs 2 0 0 reflection in t h e Laue case, were
measured near the K-absorption edge o f G a in order t o
study wave field in t h e crystal. T h e energies of the
incident x-ray are : ( 1 ) 10502eV (2V=-,£/,,) ; (2)
11343eV (X*r=0) ; (3) US05eV(-Xhr=-Xh,Y
The
theoretical results based on FK theory are compared with
the experimental ones in the following.
Experimental and Results
Fig. 1 shows the experimental setup at KEK-PF BL6C1
beam line. T h e incident x-ray is first monochoromated by
a Si 111 double-crystal monochoromator and then by
GaAs 200. T h e GaAs 200 diffracted beam in the Laue
case and the fluorescence yields from the entrance and
the exit surfaces were detected by solid state
detector(SSD) and scintillation counter(SC), respectively.
The experimental curves in Fig.2 a r e t h e diffracted
beam((E), only for 10502eV) and the fluorescence
yields((A), (B), (C) and (D)). Curves on the entrance side,
(A), ( B ) and (C) were measured at the abovementioned energies, respectively. Curve (D) represents
that on the exit side, the energy of X-rays being the same
as (A). In ( A ) , the intensity in the higher angle region is
higher than in the lower region. In (B) , the intensity in
the higher angle region is nearly the same as that in the
lower side. In (C), the asymmetry is reversed with respect
to that of (A). The fluorescence yield on the exit side is
very weak, as shown in curve (D).
Simulation and Discussion
If the inelastic scattering channels such as Compton
Scattering and thermal diffuse scattering(TDS) are
neglected, t h e fluorescence yield (Annaka, 1967) 4) at
the depth z from the crystal surface, is proportional t o
d {PHIPO)I d z + 3 (PJPO)I d z. where Po, Ph and Pd

represent the intensity of the incident , diffracted and
transmitted beams, respectively. The simulated results of
the fluorescence yields on the two sides for GaAs 200 are
given in Fig.3 Here, a Ga atom is chosen as the origin of
the unit cell, the temperature factor is taken as 0.56A
given by Saravanan et a!.(1992)J). For Curve (A), Xhr=
"Xhh $= x i For curve (B), ^ ^ = 0 , a h,= % ; For curve
(C), -Xhr=-%hi, ^ =0. The theoretical curves are
convoluted with the a Gauss function which makes the
calculated rocking curve of the diffraction agree with the
measured one. The calculated results show good
agreement to the experimental one. Since the
fluorescence yield on the exit side is very small, we
calculated the curve only for 10502eV, see curve (D).

The general formulae for studying the fluorescence
yield under dynamical diffraction are derived in this paper.
The agreement between the experiment result and the
theoretical calculation based on FK theory is confirmed.
References
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Fig. 1 Schematic diagram of the experimental arrangement.
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Fig.2 Measured fluorescence yield curves for GaAs 200.
The sample crystal is GaAs of 134 n m.
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Fig3. Simulated fluorescence yield for GaAs 200.
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Introduction
Usual photoelectron diffraction analysis
requires tedious trial-and error calculations.
The photoelectron holography method is the
improved
method
of the
photoelectron
diffraction which enables us to obtain three
dimensional surface structure directly only by
simple Fourier transformation of the observed
diffraction patterns.
Experimental
The measurement was made at
the BL-7A beamline of the research center
of spectra chemistry of the University of
Tokyo on PF.
We have used a 2dimensional
display-type
spherical
mirror analyzer to measure photoelectron
diffraction patterns from the Si(OOl)
surface at three photoelectron kinetic
energies (350,450, and 650eV).
Results
Figure 1 shows the observed photoelectron
diffraction pattern of Si 2p core at the kinetic
energy of 450 eV
The center of the picture is
the surface normal direction and the peripheral
is the polar angle of 47 degree. Figure 2 1 ' is
one of the Fourier transformed pattern at the
plane including the Si atoms A, B, C, and D in
Fig. 3.
Conclusion
We
have
tested
the
major
methods of photoelectron holography,
such as a simple Fourier transformation,
the small window (SW), the energy
summation (ES) and the SWEEP method
to obtain real space images.
We have
obtained clear real space images with the
SWEEP method.

Fig. 1

? Fig. 2

Fig. 3
References
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Radiation, 1996 in press).
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STUDY OF THE LOCAL STRUCTURES OF NixMn!_x (z=0.75 and 0.80)
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Experimental
All the A'-edge absorption spectra were recorded in
transmission mode at BL6B and BL7C. Si(lll) double
crystal monochromators were used. The storage ring
was operated at 2.5 GeV and the ring current was
200~300 inA.
All samples were ground to fine powder. Nio.75Mno.25
alloy were annealed at 400°C for 25 hours, 200 hours
and 1000 hours and Nio.8oMno.2o were at the same
1 Linperature for 10 hours and 200 hours. The sample
powders wore interposed between adhasive tapes.
The method of data analysis has been described in
ref. 2 in detail.

1
i

•x<

Fourier transform /

The Nio.75Mno.25 alloy has a super lattice of Cu3 Autype. At the lower ordered state, it represents a doublestage behavior in the magnetization- ws-tempeature curve,
while the Nio.8oMno.2o alloy dose not represent such a
behavior.1^ In order to study the double-stage behavior from the view point of the local structures or short
range orders, we carry out the EXAFS analyses for
Nio 75Mno.25 and Nio.goMno.20 alloys treated with various annealing times.

of the annealing times.4) The characteristic features
observed in the present study for Nio.8oMno.2o alloy
seem to be come from the formation of the DO22 type
structures and to be related to the magnetic behaviors.
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Fig.l Fourier Transforms of Ni K-edge EXAFS of
Nio.8oMno.2o alloys and Ni powder.

Result and Discussion
References

Previously, we have reported the Ni K-edge EXAFS analyses of Nio.75Mnn.25.3) In that report, NiMn
alloys are compared for various annealing times, nonannenling, 25 hours, 200 hours and 1000 hours. The
• !. li^ijjits of the Fourier transforms increase and
tin. peak positions shift shorter as the annealing time
increase and they approach to the Fourier transform
of Ni powder. This results indicate that the lattice
distortion from the exact f.c.c structure decreases by
the annealing.
Figure 1 shows the Fourier transforms of Ni K-edge
EXAFS for NiUgoMno.2o aU°ys at various annealing
times (non-annealing, 10, 200 hours). It is found that
the peak height for 10 hours annealing is larger than
that for non-annealing or 200 hours annealing. Another feature is that the peak heights of Fourier transform are smaller and the peak positions shift longer lor
200 hours annealing alloy. These phenomena is different from the results for Nio.75Mnn.25- It is reported
that DO22 type structure plays an important role in
the structural change for Niu.so.M 110.20 with variation

1) T. Okazaki, Jpn. J. Appl. Phys., 34, 1537 (1995).
2) H. Sakane, T. Miyanaga, I. Watanabe, N. Matsubayashi, S. Ikeda and Y. Yokoyama, J. J. Appl.
Phys., 32, 4641 (1993).
3) M. Yuza, T. Miyanaga and T. Okazaki, Photon
Factory Activity Report, #12, in press.
4) T. Okazaki, Y. Kondo and N. Nakamura, Jpn. J.
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XAFS STUDIES ON TITANIUM OXIDE PHOTOCATALYSTS HIGHLY DISPERSED INTO THE
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Introduction
The design of molecular and/or cluster size
catalysts within zeolite structures is of special
interest because zeolites offer unique nano-scaled
pore reaction fields, an unusual internal surface
topology, and ion-exchange capacities. 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 techniques.

hand, the Ti-oxide/zeolite prepared by an
impregnation method (imp. Ti/SL and imp. Ti/ Y)
exhibits three characteristic weak pre-edge peaks
due to the presence of the crystalline anatase
TiO 2 .
In FT-EXAFS spectra of the catalysts, 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 (TS2) 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, Tioxide/zeolite prepared by an impregnation method
(imp. Ti/SL and imp. Ti/Y) 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.
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-2) 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-oxide impregnated on zeolites (imp. Ti/Y and
imp. Ti/SL) catalysts which involve the aggregated
octahedral titanium oxide species.

Experimental
The Ti-silicalite (TS-2) having a Ti content of
2.3 wt% as TiO2 was hydrothermally prepared. The
Ti-oxide/silicalite (imp. Ti/SL: 8.0 wt% as TiO2) was
prepared by the impregnation of the silicalite (SL)
with an aqueous solution of TiCl3. The Ti-oxide/Yzeolite catalysts were prepared by two different
methods: The Ti-oxide/Y-zeolite (ex. Ti/Y: 1.1 wt%
as TiO2) was prepared by an ion-exchange of the Yzeolite with an aqueous titanium ammonium
oxalate solution, and the other Ti-oxide/Y-zeolite
(imp. Ti/Y: 10.0 wt% as TiO2> were prepared by an
impregnation method using the same solution. The
photocatalytic reactions of NO molecules were
carried out at 275 K using a 75-W high-pressure Hg
lamp (X>280 nm). The XAFS spectra 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.

A)

Results and Discussion
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 (TS-2) catalyst than those of other
catalysts. While the formation of N2O was found to
be the major reaction on the Ti-oxide/zeolite
prepared by the impregnation method (imp. Ti/SL
and imp. Ti/ Y).
As shown in Fig. 1, in XANES spectra of Tioxide/zeolites and Ti-silicalite, the Ti-oxide/Yzeolite prepared by an ion-exchange method (ex.
Ti/Y) and Ti-silicalite (TS-2) catalysts exhibit a
single, intense, pre-edge peak, indicating that the
titanium oxide species in these zeolite catalysts
have a tetrahedral coordination. On the other
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Fig.l. XANES (a-d) and FT-EXAFS (A-D)
spectra of (a,A) ex.Ti/Y, (b,B) imp.Ti/Y, (c,C)
TS-2 and (d,D) imp.Ti/SL catalysts.
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XAFS study on the local structure changes around Ti in
an amorphous Si-C-O-Ti fiber.
Masaki SAKURAI, Masanobu YOSHIDA, Yeng WANG, Tomoaki KAMIYAMA and Kenji SUZUKI
Institute for Materials Research, Tohoku University, Sendai 980-77
Introduction
Si-C-O-Ti fiber prepared by pyrolysis of polytitanocarbosilane fiber has a high tensile strength at high
temperature. Although content of Ti is very low, about
0.3at%, Ti has very important role to give high tensile
strength to this Si-C-O-Ti fiber. In this study we
observed local structure changes around Ti atoms for
samples treated at different pyrolysis temperature.
Expert mental
Si-C-O-Ti amorphous fibers obtained by Yajima
process[1] were prepared by Ube Industries Ltd.
The Fe K-edge X-ray absorption spectra were
measured at the BL-7C with a Si(111) double crystal
monochromator and double mirror. The storage ring
energy was 2.5 GeV and current was 250 to 350mA.
Fluorescence XAFS was used for Ti K-edge
T
' I
measurement using an ionization chamber with a solar
4980
5000
4960
5020
slit in between the sample and the detector and a He
Energy / eV
gas atmosphere around the sample. All
measurements were done at room temperature.
Fig. 1. XANES spectra for the samples prepared by
different pyrolysis temperature, (a)500°C, (b)700°C,
Results and discussion
(c^OO'C, (d)900°C, (e) 10OCPC, (f) 110CTC, (g) 1300°C,
Ti addition to Si-C-0 fiber gives stability for
(h)1400°C and (i)TiC, as well as pure Ti (j).
amorphouse structure with (3-SiC particle of about
10nm diameter in Si-C-O fiber up to 1300°C of the
120 ~ Ti K-edge
Si-C-O-Ti
heat treatment[2]. Size increase of [3-SiC by heat
Fiber
treatment over 1400°C decreases of tensile strength
(i)
100 of the Si-C-O fiber. On the other hand ,Si-C-0 fiber
without Ti addition is crystallized at lower temperatuer.
The local structure around Ti atom start to change
from the pyrolysis temperature of 900° C as seen in
XANES spectra of Ti K-edge (Figure 1). A pre-peak at
4968eV comes from tetrahedral structure of four
coordinated oxygen around Ti atom in tetraisopropoxititanium and it is kept up to 800 °C. It is
clearly seen that XANES spectra for samples heat
treated higher than 900° C are similar to that of TiC in
peak position and intensity as seen in fig.1.
Furthermore, F(r) of those samples show same trend
0 -I
as seen in figure 2. The first peak at 1.3A for lower
pyrolysis temperature than 800°C is related the first
coordination of oxygen atoms around T\ atom in
tetraisopropoxi- titanium. This correlation for oxygen
atoms disappears while another peak at 2.5 A Fig. 2. F(r) for same samples in Fig.3
increases for the samples higher than 900° C. Peaks
References
seen in F(r) of 1400°C are same as that of TiC although
peaks are rather small and broad. The peak at 2.5A
comes from Ti-Ti correlation in NaCI structure. We got [1] S. Yajima, Phil. Trans. R. Soc. Lond. A294(1908)
419.
new evidence about Ti in Si-C-O system that Ti forms
[2]
K. Suzuya, T. Kamiyama, T. Yamamura, K. Okamura
TiC with NaCI structure by heat treatment at 900°C. We
and
K. Suzuki, J. Non-cryst. Sol. 150 (1992)167.
may say that this TiC cluster give stability for
amorphouse fiber but the reason is not clear yet.
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Introduction
Dispersed metal particles on coals
prepared with ion-exchange method are
good catalysts for their pyrolysis of
the coals. The pyrolysis behavior
depends not only on the kind of metals
but also on their the state of
agglomeration. XAFS spectroscopy is
powerful technique to determine the
size of well dispersed metal particles
in matrix. In this study, we
elucidate the initial stage of
agglomeration behavior of Ni particles
in Brown coal during its pyrolysis by
EXAFS spectroscopy.

Experimental
Ni supported Brown coal samples
were prepared with Loy Yang coal and
NiClj in aqueous solution using the ion
exchanging method. The amounts of
supported Ni were 1.4 wt% and 6.4
wt%. Following the drying the
exchanged coal at 393 K in vacuum,
samples were pyrolyzed to requested
temperature at 5 K/min in vacuum.
EXAFS spectra of all samples were
measured at room temperature in BL-7C.
EXAFS spectra of Ni foil and NiO were
measured as reference samples for
Ni-Ni bond and Ni-0 bond,
respectively. All spectra were
analyzed using the curve- fitting
method with the program of EXAFSH1'.

Results

and

coal at 723 K treatment. However, in
the case of 6.4 wt% Ni-supported coal,
Ni-Ni bonds were observed at 67 3 K.
These results suggest that the
stability of Ni 3+ exchanged groups
depends on the amounts of Ni atoms in
samples.
Moreover, the increasing rate of
Ni-Ni coordination number depends on
the loadings. The increasing rate of
Ni-Ni coordination number in 6.4 wt%
supported coal was higher than that in
1.4 wt% supported coal. They show
that the growth rate of Ni particles
in 6.4 wt% Ni-supported coal was
higher than that 1.4 wt% Ni-supported
coal.

1= 6 "

Discussion

Figure 1 shows the change of Ni-Ni
coordination number depends on the
pyrolyzed temperature for 1.4 wt% and
6.4 wt% Ni-supported coal
respectively. The temperature which
Ni-Ni bonds were observed depends on
the amount of Ni atoms in samples.
Ni-Ni bonds were not observed in the
EXAFS spectra of 1.4 wt% Ni-supported

300

TOO

500

600

700

BOO

900

Tcmpcraluiv (K)

F i g u r e 1. The Ni-Ni c o o r d i n a t i o n
number of pyrolyzed N i - s u p p o r t e d Brown
c o a l ; (a) 1.4 wt% and (b) 6.4 wt%
N i - s u p p o r t e d Brown c o a l .
1) Progran "EXAFSH" coded by T.Yokoyama and
T.Ohta, The University of Tokyo (1993).
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Distortion of Iodine Octahedron in Ki- X (NH4) X I Mixed Crystals
School of Science, Kwansei-Gakuin University
Kiyoshi Sakaue, Ken'ichiro Yagi and Hikaru Terauchi
1 .Introduction
Recently, spin-glass behavior of ionic, mixed
crystal was interested related to the structural frustration
of constituent materials. In K].x(NH4)xI system, the
crystal structure of KI is CsCl type and that of ( N H ^ I is
NaCl type at low temperature.
Mixture of two
constituents at a concentration 0.3<x<0.7 shows the spinglass behavior below To from 20K to 70K, respectively.
In order to clarify the origin of the spin glass behavior,
Yagi et al. [1] have performed the X-ray diffuse scattering
of the sample around the Brillouin-zone boundary of fee
lattice. They found the local distortion of the fee lattice
due to reorientational freezing of ammonium ions with
short range correlation length. Figure 1 shows the
ammonium ion surrounded by the octahedral-site iodine
atoms., called 'triple approach model". [2] Here, our
subject of the study is to observe the local distortion of the
iodine 'cage' due to the vibration of ammonium ions.

Fig 1. Schematic view of triple
approach model.[2]

2. Experiments
Samples were obtained from the aqueous solution
mixed with the concentration. The net concentration of
the grown samples was calibrated with the chemical
analysis.
EXAFS spectrum were taken in BL-7C. The total
reflection minors were used to eliminate the higher
harmonics in the incident beam. The measured absorption
edge was iodine L\ edge (4854keV). The sample
temperature varied from room temperature to 15K. In this
measurement, we cannot obtain the good quality spectra
because of superposition of L\, LQ and LJJI. edges
Figure 2 shows the radial distribution function
Fourier-transformed from obtained spectra at 10K
(fig.2(a)) and 50K (fig.2(b». Nearest neighbor iodine was
seen at about r=5A. The iodine peak was found to be
indistinct at lower temperature (glassy phase).

2

4

6

8

10

3. Results and discussion
From figures 2(a) and (b), the clear iodine
deformation was observed in the glassy phase. In the
sample with x=0.7, the iodine peak was not found due to
large vibration of light ammonium ions (figure is not
shown). The iodine peak was found to be indistinct at the
temperature in the glassy phase, suggesting that iodine
atoms facing the hydrogen atom of ammonium ion
attracted and then slightly deformed This result is agree
with the structural analysis. We are extracting the thermal
vibration factor by parameter-fitting.

Fig. 2 Radial distribution function of
the sample with concentration of
x=0.5 at 10K(a) and 50K(b).
References
[1] Y. Yagi, T. Umeki, H. Terauchi and Y. Noda:
Physica B216 (1995).
[2] I. Fehst, R. Bohmer, W. Ott, A. Loidl, S. Haussiihl
and C. Bostoen: Phys. Rev. Lett. 64 (1990) 11542.
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CHARACTERIZATION OF SOME RESIDUAL METAL CATALYSTS IN RESINS BY XAFS
Makoto Nakaura, Kunio Saiga, Kazufuyu Sudoh and Masaharu Nomura*1
Mitsui Toatsu Chemicals, Inc. ,1190 Kasama-cho, Sakae-ku, Yokohama, 247 Japan
*1:National Laboratory for High Energy Physics, 1-1, Oho, Tsukuba, Ibaraki, 305 Japan
[rrt roduct i on

as 1. 79 A f o r SnO, 1. 77 A f o r SnS04 s o l u t i o n , 1. 65 A for
SnO2 and 1. 67 A for p o l y e s t e r s c o n t a i n i n g a r e l a t i v e l y high

Resently, there have been some problems about
d i s p o s i n g o f i n d u s t r i a l a n d c i v i l w a s t e s in t h e
w o r l d a n d it w o u l d b e i n t e r e s t i n g t o n o t e t h e
r e c y c l i n g uses o fmany p l a s t i c resins a n d b i o l o g i c a l
d e c o m p o s i t i o n o f t h o s e r e s i n s . It w o u l d b e i m p o r t a n t
to i n v e s t i g a t e t h e e x i s t e n c e o f r e s i d u a l m e t a l f r o m
c a t a l y s t s in t h o s e r e s i n s a n d t h e s t a b i l i t y o f t h e
r e s i n s o v e r a long time. T h e c a t a l y s t s o f Z r
c o m p o u n d s u s e d in p o l y p r o p y l e n e ( P P ) r e s i n s s y n t h e s i s
and the catalysts oftin compounds for polyester
r e s i n s s y n t h e s i s w e r e m e a s u r e d b yu s i n g t h e X - r a y
a b s o r p t i o n fine s t r u c t u r e ( X A F S ) s p e c t r o m e t r y in
o r d e r t oo b t a i n s o m e i n f o r m a t i o n o nu s e d c a t a l y s t s .
Exper i merits

Sn amount w i t h no c o r r e c t i o n of the phase s h i f t s 1 ' .
t h i s work,

amount is unsuccessful.

b i - v a l e n t or t e t r a - v a l e n t .

In the Sn compounds, the XANES spectrum of the p o l y e s t e r
resins i s almost the same as t h a t of the SnS04 s o l u t i o n .
But the d i f f e r e n c e between SnO and SnO2 is too small from
the XANES spectra. On the contrary, the r e s u l t s of XAFS
c h a r a c t e r i z a t i o n s shows that the bonding d i s t a n c e s of Sn-0

is d i f f i c u l t

to understand
is

More i n v e s t i g a t i o n would be

necessary to solve t h i s question.

References
1)H Ohtaki and T. Radnai, Chem. Rev. , 93, 1157(1993).
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Results and Discussion

F i g . - b - 1 and - b - 2 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 the K - e d g e / Z r
w e i g h t e d by k3 of
ZrO 2 and the PP r e s i n s ( Z r ~ 2 0 ppm). The phase s h i f t s
were not c o r r e c t e d so t h a t t h e c a l c u l a t e d v a l u e s of
t h e peak t o p s tend t o be s m a l l e r than t h e r e a l
d i s t a n c e s . F i g s . - b show that the distances of Z r - 0 and
Zr-Zr bonds in the ZrO2 are 1. 62 A and 3. 10 A,
r e s p e c t i v e l y , and that the d i s t a n c e of Z r - 0 bonds only
1. 64 A in the PP resins. Therefore, i t shows no second
nearest neighbors from Zr ions, and i t is suggested that
Zr ions which are bonded w i t h oxygen atoms in PP r e s i n s
e x i s t amorphously.

So i t

whether the valency of Sn ions in those resins

The transmission method of XAFS(T-XAFS) spectra for Zr
metal f o i l . Z r O j and PP resins c o n t a i n i n g 1000 ppm of Zr
residual were measured around t h e Zr K-edge a t BL-7C of
t h e Photon F a c t o r y ( P F ) a t t h e 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 (KEK). The f l u o r e s c e n c e
method of t h e XAFS(F-XAFS) s p e c t r a f o r PP r e s i n s
c o n t a i n i n g 1000 and 20 ppm of Zr r e s i d u a l s ,
r e s p e c t i v e l y , were a l s o measured.
Moreover, b o t h t h e methods of XAFS s p e c t r a f o r Sn
metal powder, SnO, SnO; SnSO4 s o l u t i o n and p o l y e s t e r
r e s i n s c o n t a i n i n g 3000 ~ 2 0 ppm of Sn r e s i d u a l s were
measured a t BL-10B d u r i n g t h e p e r i o d of 3 GeV
e l e c t r o n beams.
Fourier transforms were measured obtained from the EXAFS
osci N a t i o n s between k = 3 A"1 and k = 10. 5 A"1 weighted by
kl

F i g . - a shows the X-ray a b s o r p t i o n spectrum of PP w i t h 20
ppm r e s i d u a l . Both the r e s u l t s of T- and F- methods of the
XAFS c h a r a c t e r i z a t i o n s showed a good coincidence in t h i s
work , such as the same bonding d i s t a n c e of Z r - 0 (T-XAFS:
1.65 A, F-XAFS:1. 64 A). While the F-XAFS method f o r Zr
measurements were more s e n s i t i v e than the T-XAFS method,
20 ppm Zr in PP resins can be c h a r a c t e r i z e d by the bonding
d i s t a n c e and the c o o r d i n a t i o n numbers surrounding the Zr
ions. In t h e X - r a y a b s o r p t i o n near edge s t r u c t u r e
(XANES) s p r c t r u m of F i g . - a t h e z i r c o n i u m ions i n PP
r e s i n s show t e t r a - v a l e n t compounds such as ZrO 2 .

But in

the a n a l y s i s of compounds c o n t a i n i n g a low Sn
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Fig. -a:XAFS spectrum near the Zr K-edge,
F i g . - b : F o u r i o r transforms of the Zr K-edge
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EXAFS STUDIES ON THE STRUCTURAL PHASE TRANSITIONS IN CH3NH,MX, (M = Pb. Sn: X = Cl. Br. I)
Hiroyuki ISHIDA. Hironobu MAEDA, Akiko HIRANO, Yoshihiro KUBOZONO, and Yoshihiro FURUKAWA1
Department of Chemistry, Faculty of Science, Okayama University, Okayama 7(X)
Faculty of School Education. Hiroshima University, Higashi-Hiroshima 739
Introduction
CH,NH3PbX3 (X =CI, Br, I) and CH3NH3SnX3 (X = Br,
I) have the cubic perovskite structure in the highest
temperature solid phases.'" These compounds undergo
successive phase transitions on cooling; CH3NH3PbCI3,
CH3NH3PbBr3, CH3NH3PbI3,
CH3NH3SnBr3, and
CH3NH3SnI3 have three, four, two,3'6 five.78 and two9
solid phases, respectively. The mechanisms of the phase
transitions and the dynamical behavior of the cation were
studed by NMR,3"''"10"12 delectric, 4813 calorimetric/"6"8
IR.5 NQR,"""' and " y Sn Mossbauer714 measurements. In
the present study, the local structures around Pb(II) and
Sn(II) were determined by Pb 1^,,-edge and Sn K-edge
EXAFS.
Experimental
CH3NH3PbX3 (X =CI, Br, I) and CH,NH,SnX3 (X = Br,
I) were prepared as described in refs. 1) and 2),
respectively. Pb L,,,-edge and Sn K-edge X-ray absorption
spectra were collected in the transmission mode at BL-7C
andBL-l4A, respectively, of the Photon Factory (KEK
Tsukuba). The programs "XAFS93" and "MBF93" were
used for EXAFS data analysis.1516
Results
The Pb - X (X = Cl, Br, I) dstances (r „, x ), the
coordnation numbers (A'), and the Debye-Waller factors
((i(2)) determined for CH3NH3PbX, were shown in Table
I. The structural parameters determined for CH,NH3SnX3

(X = Br, I) were shown in Table 2. From the Riedveld
analysis of powder X-ray dffraction obtained for
CH,NH3Snl3, it was found that the structure of Phase II of
this salt is tetragonal and there exist two kinds of
crystallographically nonequivalent I atoms having Sn-I
dstances of 3.118 and 3.122 A. y Since it is dfficult to
dstinguish the two dstances by the EXAFS method, we
analyzed the EXAFS spectra of CH3NH3SnI3 using a
one-shell model with N = 6.
Table 2. Structural Parameters for CH3NH3SnX3 ( X =
Br, I)

CH,NH,SnBr.
298 K (u Phase)
220 K (P Phase)
200 K (P1 Phase)

CH,NH3PbC:i,
295 K (a Phase)
I74K (P Phase)
10K

(Y Phase)

CH,NH,PbBr,
293K (a Phase)
180K (p Phase)
151 K (Y Phase)
80K

(6 Phase)

CH,NH,PbI,
200 K (P Phase)

10K

(Y Phase)

rn.x/A

1
1

0.021(2)
0.0118(7)
0.014(6)
0.014(6)
0.0072(7)
0.0072(7)
0.010(2)
0.010(2)

6
2
2
2
4
!
1
4
2

2.94(2)
2.87(1)
2.965(4)
3.04(1)
2.983(3)
2.91(1)
2.83(1)
3.003(1)
2.863(2)

0.017(2)
0.005(2)
0.005 (2)
0.005 (2)
0.0063(4)
0.0063(4)
0.0063(4)
0.0004(1)
0.0004(2)

4
2
4
2

3.126(3)
3.245(8)
3.196(1)
3.140(2)

0.0088(4)
0.0088(5)
0.0026(4)
0.0026(6)

2
2

o(2)/A:

6
4
1
1
4

3.00(2)
2.994(6)
2.65(2)
3.23(4)
2.994(6)
2.65(2)
3.27(3)
2.948(1)
3.408(4)
3.070(3)
2.638(3)
2.469(2)
2.939(1)
3.409(3)
3.067(3)
2.638(2)
2.468(2)

0.014(2)
0.0121(6)
0.0121(6)
0.0121(7)
0.0118(6)
0.012(2)
0.012(2)
0.0029( 1)

3.029(1)
3.026(1)
3.021(1)
3.028(1)

0.0068( 1 )
0.0048(3)
0.0034(2)
0.0026( 1)

13 K (6 Phase)

CH.NH.Snl,
298 K (Phase I)
200 K (Phase I)
1 00 K (Phase II)
10K (Phase II)

6
6
6
6

0.0029( I)
0.0029(1)

0.0029(2)
0.0029( I)
0.00181(6)
0.00181(6)
0.00181(6)

0.00181(9)
0.00181(7)

o(2)/A-

2.82(2)
2.832(5)
2.86(4)
2.71(3)
2.848(5)
2.823(5)
2.91(2)
2.67(2)

6
4
1
1

rSn.x/A

1 10 K (Y Phase)

Table I. Structural Parameters for CH,NH,PbX, (X =CI,
Br, I)
N

N
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COORDINATION STATE OF Ti4' IONS IX K O-Cs:O-Ti O-SiO : GLASSES
Hiroyuki NASU, Kiyoshi KURACHI and Kanichi KAMIYA
Department of Cheiistry for Materials, Faculty of Engineering
Mie University, Kamihama 1515, Tsu 514, Japan
Introduction
Experimental Procedure
Optical nonlinearity has been extensively studied
X-ray absorption spectra were measured by
since it has high high potential for all-optical BL-7C EXAFS measurement system at photon factory,
photonics system. Optical nonlinearity is caused Tsukuba. To specify the coordination state of
from nonlinear polarization (P.,) as
Ti4+ ions, some standard samples were used.
n E ' E + j J E - rE B .
Ba 2 Ti0 4 , NaTiSiO5 and TiO2 (anatase) were used as
PJ,L=J?
(l),.
n
J ? the Eincident
J ' electric
" field (and) %
the standard of four-, five- and six-fold
where PI= is
coordination, respectively. The glass samples
and x a p e second and third-order optical
nonlinear susceptibility, respectively. Glasses and standard crystal samples were ground into
had been believed not to show second-order powder and the powder was hold by X-ray transnonlinearity because ordinary glasses are parent films. The measurement were carried out
optically isotropic and have inversion symmetry from 4.46452keV to 6.26452keV by monochromatized
in visible scale. However, Myers et al. reported X-ray beam using Si(111) single crystal.
second harionic generation (SHG) by second-order
optical nonlinearity from SiO2 bulk glasses after
Results and Discussion
thermal poling . Our group also found SHG from
Figure 1 shows XANES spectra of glasses and
TiOj containing silicate glasses after the standard crystals. Three preedge can be seen
thermal poling, and noticed that the SHGfrom anatase whith contain six-fold coordinated
intensity is dependent on the TiO, concent- Ti . On the other hand, one peak can be found
ration . In specific, there is a maximum of SHG for Ba2Ti04 and Na.TiSiO6 reference crystals.
intensity depending on TiO2 concentration. On The peak energy of Ti in five-fold coordinated
the other hand, Yarker et al. reported the TiO,
(Na2TiSi05) is about leV higher than that in
pentahedral pyramid structure in the TiO2 sili- four-hold
coordinated (Ba 2 Ti0 4 ). For glass
cate glasses which is lack of inversion symmetry. samples, only one preedge peak
is seen and the
Thus, this paper reports the relationship between peak intensity is increased as TiO2 concentration
the coordination state of Ti and SHG intensity
is increased. The pea position is between fourfrom X-ray absorpton spectra.
and five-fold coordination. The peak position
shifts from five-fold Ti to four-fold Ti with
increasing TiO2 content. Thus, it can be pointed
out Ti in glasses in five or four-fold
coordination state.
With considering the
increase ofTiO, content, it is necessary to
calculate both TiO4 and TiO5 units in order to
explore SHG center. The concentration of TiO,
(Cj can be estimated from the following equation.
C=Q (E -4967.2)/(4968.3-4967.2) (2)
where, C is the total Ti content, E is peak
energy (keV) of preedge peak and 4967.2 and
anatase _y~-/~~
c
4968.3 (keV) are the preedge peakrt energy of fouro
fold Ti' and five-fold Ti . From the
Q.
Ba2Ti04
/ L
calculation TiO6 units increase to 25mol% TiO.
o
Na2TiSi05 _>/V_
w
and then drastically decrease at 30mol% TiO.
x=30
^r>containing glass. On SHG intensity, the maximum
x=25
Jr^Sis also found at 25mol% TiO2 glass. Therefore,
it can be considered that five-fold Ti <+ is
x=i5
^yx v_
intimately relate to SHG center of the glasses.
X=10
_^ V_
• —

• T~

1

£

1

.

4.96

1

I

.

I

.

4.98
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Fig.l XANES spectra for reference crystals and
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REVERSIBLE STRUCTURE CHANGE IN ONE-ATOMIC LAYER GeO2
INTERACTED WITH Rh CHARACTERIZED BY EXAFS
Kazu OKUMURA1), Kiyotaka ASAKURA2) and Yasuhiro IWASAWA1)
1 )Department of Chemistry, Graduate School of Science,
2)Research Center for Spectrochemistry, Faculty of Science,
The university of Tokyo, Hongo, Bunkyo-Ku, Tokyo 113, Japan
Introduction
Catalysis of supported metals is often affected by
interaction with their supports like SMSI effects observed
in the metal on reducible oxide supports. Since direct
interaction of support with metal is restricted to the surface
, it becomes difficult to extract the structural information
relevant to metal-support interaction from the EXAFS
spectra of the support. One solution to this problem is to
utilize a thin layer support instead of a bulk one. In this
study, we prepared Rh/GeO2 one-atomic layer/SiO2
(Rh/GeO2/SiO2) and investigated the structural change of
Ge and Rh accompanied by oxidation and reduction
treatments.

1

2

3
4
Distance/0.1 nm

5

Fig. 1 Rh K-edge EXAFS FT spectra of
Rh/SiO2 and Rh/GeO2/SiO2
reduced at different temperatures

Experimental
GeO2 one-atomic layer was prepared from Ge(0Me)4 and
SiO2(Aerosil 300) by CVD method. Rh was impregnated
from chloroform solution of [RhMe2(C5Me5)]2(/* -CH2)2.
Rh K-edge and Ge K-edge EXAFS spectra were measured
at BL- 10B and BL-7C station respectively.

.

—

~~ R n / S i O Z

- 423 K red.Rh2/GeO2/SiO2

— — - 523 K red.Rh2/GeO2/SiO2
—

Results and Discussion
Fig.l shows the FT of Rh K-edge EXAFS spectra of
Rh/GeO2ySiO2 (Ge 7.4 wt%) reduced at several
temperatures as well as Rh/SiO2 reduced at 723 K. The
peak intensity decreases significantly with reduction above
523 K and their position shifts slightly to shorter distance.
From the curve fitting analysis of Rh/GeO2/SiO2 reduced
at 723 K, Rh-Rh and Rh-Ge were found at 0.266 nm and
0.242 nm, respectively, indicating the RhGe alloy
formation as a result of reduction above 723 K. Fig.2
shows the Ge K-edge FT spectra of Rh/GeO2/SiO2 (Ge 1.3
wt%) (a) after calcination at 673 K, (b) reduction at 723 K,
(c) followed by re-calcination at 673 K. A new peak was
observed in (b) which was assigned to the Ge-Rh at 0.239
nm from the curve-fitting result, reflecting the RhGe alloy
formation. No difference was observed between (a)
(calcined at 673 K) and (c) (re-calcined at 673 K) in Fig.2.
This fact means the retrieval of GeO2 to the SiO2 surface
as one-atomic layer by the oxidation of RhGe alloy.
Reversible behavior of Rh/GeO2/SiO2 is unique to the
one-atomic layer structure.

623 K red.Rh2/GeO2/SiO2
- - 723 K red.Rh2/GeO2/SiO2

40

30 -

PL.

20

10 -

0
0

1

2
3
4
Distance/0.1 nm

Fig.2 Ge K-edge EXAFS FT spectra of
Rh/GeO2/SiO2
(a) calcined at 673 K
(b) reduced at 723 K
(c) re-calcined at 673 K
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XAFS STUDIES OF METAL PARTICLES IN Ni-SMECTITE
Masayuki Shirai, Goro Fukatani, Masahiko Arai, and Yoshiyuki Nishiyama
Institute for Chemical Reaction Science, Tohoku University,
2-1-1 Katahira, Aoba-ku, Sendai 980-77

in the lattice of smectites, respectively. These results suggests that Pd
metal particles dispersed in Ni-SM.

Introduction
Smectites (SM) have a layer
structure and are able to accommodate
foreign cations between the layers.
We have been studying the catalytic
feature of synthesized smectites
containing divalent cations such as
Mg 2 \ N i 2 \ Co2*, Zn2+ , etc. Pt
particles supported on Ni substituted
smectites (Pt/Ni-SM) showed high
activity for hydrogenolysis of
n-butane while Pt particles on Zn-SM
showed no activity for the reaction.
In this study the structure of
palladium metal particles in Ni-SM is
characterized by XAFS spectroscopy.

At 7 73 K reduction, the peak at 2.1
A in the Fourier transform of Pd
K-edge EXAFS spectrum become larger
(Figure lb). In the Fourier
transform of Ni K-edge EXAFS spectrum
of Pd/Ni-SM at 773 K reduction, a new
peak was appeared at 2.1 A (Figure
Id). The curve-fitting analysis
showed that the peak was ascribed to
Ni-Ni metal bond. These results
suggest that, Ni small metal particles
and Pd metal particles exist
separately in Pd/Ni-SM at 77 3 K
reduction.

E xper imen ta1
The samples were prepared by ion
exchanging at room temperature of
Ni-SM with Pd(NH3)tCl2 in aqueous
solution.
EXAFS spectra of all samples were
measured at room temperature in BL-7C
and BL-10B. All spectra were analyzed
using the curve-fitting method with
the program of EXAFSH11.

Results

and

(a)

r\

E

(b)

Discussion

Figure la shows the Fourier
transform of Pd K-edge EXAFS spectrum
of Pd/Ni-SM at 673 K reduction by
hydrogen. The peak at 2.1 A was
ascribed to Pd-Pd bond of Pd metal
particles. In the Fourier transform
of Ni K-edge EXAFS spectrum of
Pd/Ni-SM at 673 K reduction, there
shows two peaks at 1.6 A and 2.7 A
(Figure lc). Each peak shows Ni-0 and
Ni-O-Ni bond

R (A)
F i g u r e 1.
The F o u r i e r t r a n s f o r m s f o r
Pd K - e d g e EXAFS s p e c t r a of P d / N i - S M
( ( a ) a n d ( b ) ) a n d f o r Ni K - e d g e EXAFS
s p e c t r a of P d / N i - S M ( ( c ) a n d ( d ) ) .
T h e s a m p l e s w e r e r e d u c e d a t 673 K ( ( a )
a n d ( c ) ) a n d a t 773 K ( ( b ) a n d ( d ) ) .
1) Program "EXAFSH" coded by T.Yokoyama and
T.Chta, The U n i v e r s i t y of Tokyo (1993).
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Introduction
Most oxovanadium(IV) complexes containing tetradentate
Schiff base ligands are blue or green, and have a monomeric
five-coordinate square pyramidal structure. However, several
orange or red oxovanadium(IV) complexes have been reported,
in which an infinite chain of V=O V=O bonds exists. Here
we report that either monomeric green (1) or polymeric orange
(2) crystals of [VO{sal-(RR)-stien}J can be obtained when this
complex is recrystallized from different solvents. 2 shows
piezochromism (mechanochromism); its color changes from
orange to green on grinding. 1 turns orange when heated
(thermochromism). The extent of conversion either by grinding
or heating has been studied by EXAFS and IR spectroscopy.
Experimental
Green prismatic crystals of 1, [VO{sal-(RR)-stien}] 2CHCI3
were obtained by recrystallization from CHCI3 Orange
prismatic crystals of 2, [VO{sal-(RR)-stien}] CH3CN were
obtained by evaporation of an acetonitrile solution. 0
K-edge extended X-ray absorption fine structure (EXAFS)
spectra were measured in the fluorescence mode at room
temperature at the BL-7C of Photon Factory of the National
Laboratory for High Energy Physics (KEK-PF, Tsukuba), with
Si (111) sigital focussing monochrometer under the ring
conditions of a positron energy of 2.5 GeV and a ring current of
350 - 200 mA. IR spectra were recorded on a JASCO 810
spectrophotometer as Nujol mulls.

of the mean-squares displacement 0(2), the mean free path of
photoelectron X.(k) and the shift from the threshhold energy, AH,
for 1 and 2 were determined by the parameter-fitting to the
Fourier transform EXAFS under the distanes r between V and
the neighboring atoms by the crystal structure analyses for 1 and
2, where the three and the four shell fittings were adopted,
respectively.
Next, the values of the volume fraction Wp of 1 and 2 in A
and B were determined from <P(r) for A and B. In the fittings
the values of N, r, k(k) and AE were fixed to those of 1 and 2,
and the mean values of o(2) in 1 and 2 were used.
A contains both monomeric and polymeric forms, the Wp
value, 0.67(8), of the monomeric form is larger than that,
0.33(7), of the polymeric form. Grinding the polymeric form,
2, induces the conversion from the polymeric to the monomeric
form. The results are consistent with those by the IR method,
although the Wp of the monomeric form is underestimated in
comparison with that determined by the IR method. B also
contains both monomeric and polymeric forms. In contrast to A
the Wp value, 0.64(9), of the polymeric form is larger than that,
0.36(10), of the monomeric form. The conversion from the
monomeric to the polymeric form by heating 1 has also been
confirmed by the EXAFS, but the value of Wp for the
polymeric form is slightly underestimated in comparison with
the IR method. Interconversions from the polymeric to the
monomeric form by grinding 2 and from the monomeric to the
polymeric form by heating 1 have been confirmed by the IR and
EXAFS methods.

Results and Discussion
B
2 shows piezochromism (mechanochromism), it exhibits a
color change from orange to green on grinding. The green
powder. A, obtained by grinding 2 showed the V=O stretching
band at 990 cm"1 in addition to the original 860 cnr 1 absorption
in the IR spectrum, suggesting the formation of a monomeric
species. We have found from the IR spectrum of A that 90% of
2 had been converted to 1. 1 shows thermochromism. The IR
spectrum of the sample, B, obtained by heating 1 at 120 °C for
110 min revealed that about 80% of the monomeric form
converted to the polymeric form.
The magnitude and imaginary parts of the Fourier transform,
<J>(r), for 1, 2, A and B were obtained from EXAFS
oscillations k 3 x(k). figure 1 shows Q>(T) for A and B. The
inverse Fourier transforms were performed to the r-region
shown in Figure 1. A non-liner least-squares fitting was applied
to the inverse-Fourier transform EXAFS to determine the
structural parameters, according to the EXAFS formula within
the framework of harmonic approximation. At first, the values

•/A

rlk

Figure 1. The magnitude (envelope) and the imaginary part of
D() for A andB.
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Total-Reflection Total-Electron-Yield EXAFS Applied to The Solution Surface
Sigehiro KAWAUCHI, Makoto HARADA and Iwao WATANABE
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Introduction
The structure of organic acid monolayer at the
aqueous solution surface is affected by the interaction
between metal ion in solution and the amphiphilic
molecule. To elucidate the solvation structure of the
metal ion at the surface the Total-Reflection TotalEleclron-Yield XAFS method (TRTEY-XAFS) was
developed. We report here the solvation structure of
Zn 2+ segregated by octadecanoic acid.
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Experimental
The measurements were performed at the BL-7C.
To obtain only the information of surface structure the
spectra were measured at an incidence angle of 1 mrad
or less. The solution is placed under an atmospheric He
gas and an electrode is provided above the solution
surface to detect He + -ion current which is produced by
the Auger electron from the Zn atom. The X-ray
absorption is determined by measuring He + -ion current.
The details have been reported elsewhere1^.
Octadecanoic acid ( CH3(CH2)16COOH ) was spread
on lm mol dm" 3 ZnCl 2 solution. The spectra for
0.1 mol dm" 3 ZnCl 2 solution and Zn(CH 3 COO) 2
powder were also measured by transmission method.

9650

(B)

Results and Discussion
Figure 1 (A). The XANES spectra.
The white line intensity for Zn 2+ segregated by
octadecanoic acid is almost the same as that of
Zn(CH 3 COO) 2 powder taking distorted tetrahedral
structure2^. Zn 2+ in the bulk takes octahedral structure3^
( [Zn(H 2 O) 6 ] 2+ ). The linear relation between the while
line intensity and the coordination number was
reported4^, the stronger the white line intensity is, the
more the coordination number is.
Figure 1 (B). The Fourier transformed EXAFS spectra.
The peaks around 2 A correspond to the Z n - 0
distance. The Z n - 0 distance (determined : 1.96 A) for
Zn 2+ segregated by octadecanoic acid is the same as
that of Zn(CH 3 COO) 2 powder. Both the white line
intensity and the bond distance lead to the conclusion
that Zn 2+ segregated by octadecanoic acid is surrounded
tetrahedrally by four oxygen atoms.

CD

'c

/
1 \ -^
r\"\
r Ik

Fig.l (A) The normalized XANES spectra at 7&-K
edge, (B) The Fourier transformed spectra for Zn.
Zn 2+ solution with octadecanoic acid with TRTEYXAFS method (solid line), Zn 2+ solution (dotted line)
and Zn(CH 3 COO) 2 (dashed line) with transmission
method.
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Introduction
It has been well known that the multielectron
transition process due to the rearrangement of the
electrons after inner-shell vacancy production are
present in X-ray absorption spectra above the
absorption edges of atoms. In the present work, the
X-ray absorption above the L edges in xenon gas has
been measured to estimate the multielectron
transition cross section which give an important
suggestion on the interaction between atom and
electron.

I2a3d) tv* o electron transit*on at X« L -adgo

-o.oooe
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a

-
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Fig. 1 [2s3d] two-electron transition at Xe Li -edge
Experimental
The absorption spectra around the Xe Ledges were measured at the beam line BL-7C of the
Photon Factory. The radiation was monochromatized
with Si(lll) double crystal with the energy
resolution of less than 1 eV at Xe Lra edge.
Harmonics were effectively eliminated by detuning
the monochromator crystals and quartz mirrors. The
xenon gas sample of high purity grade for research,
was sealed in a 50 mm long absorption cell with 50
(im kapton windows.
Results
The [2(s,p)5p], [2(s,p)5s], and [2(s,p)4d]
transitions previously observed by other workers
(1,2) were confirmed. The measured energies of
these edges agree well with those reported by
K.Zhang et.al.(l). (Table 1).
The theoretical energies for shakeup and
shakeoff processes have benn calculated and are
given in Table 1 together with the experimental
values. The shakeup energies and their sharp
threshold onset indicate that the multielectron
excitation edges observed here are ascribed to the
shakeup process.
In addition, we first observed the transition
edges of [2s3d] and [2s4s] multielectron excitations
by differentiating the absorption cross section above
Li edge with the energy (Figs 1 and 2). The onset of
[2s3d] double-electron transition is good agree with
the theoretical value. However, as the appearance of
[2s4s] transition is unusual, this should be discussed
in details.
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two electron transition at Xa L,-odgo

Fig.2 Other two-electron transitions at Xe Li -edge
Table 1 Positions of double excitations in Xe
measured from each threshold energy (eV)

off
up
obs
Ln
off
up
obs

[2s5p]

[2s5s]

[2s4d]

[2s4p]

[2s4s]

6pl,3

6s

5d3,5

6pl,3

6s

89,91
80,82

181,194 248
740,753
174,187 239
731,745
166
213(233) 718

22,24 39
15, 17 30
13

25

76

22,24 39
15, 17 30

89,91
80,82

11

21

71

39
30
26

89,91
80,82

off 22,24
up 15,17
obs 11

73

5d3,5

181,194 249
174,187 240
167
-

741,752
733,743
-

181,195 249
174,187 240
173
-

739,755
733,743
-
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Naoki TOSHIMA,*1 Tetsu YONEZAWA,2 Ken NAKATA, Ping LU,
Kazutaka HIRAKAWA, and Hajime KITOH
Department of Applied Chemistry, School of Engineering, The University of Tokyo
Hongo, Bunkyo-ku, Tokyo 113, JAPAN
For EXAFS measurements, we used BL-7B
(Pt-Lni, Ni-K, Cu-K) and BL-10B (Pd-K) lines of
KEK, being stable and suitable for these purposes.
Figure 1 shows the Fourier-transformed EXAFS
spectra of Cu/Pd bimetallic clusters of Pd K-edge.
In the case of Pd clusters, a strong peak is found at
0.25 nm. As Cu/Pd ratio becomes larger, the bond
distance becomes smaller but always one peak is
found. We can assume from these spectra that
these bimetallic clusters may have a random alloy
structure. Detail analyses (accurate bond distances
and coordination numbers) are now in progress.

Introduction
Metal catalysis can be affected by adding the
second metallic component. The additive
components may form an alloy, improving the
activity and selectivity. We have succeeded to
prepare polymer-protected bimetallic clusters of
noble metals by alcohol-reduction and applied
them to some organic reactions. Their structures
were analyzed by EXAFS. 1 ) Recently, we
succeeded to prepare Cu(0)/Pd bimetallic clusters
by a similar method. They work as an excellent
catalyst for hydration of acrylonitrile.2)
Experiments
For E X A F S s a m p l e s , we p r e p a r e d
poly(vinylpyrrolidone)(PVP)-protected Cu/Pd,
Cu/Pt, Ni/Pd, and Ni/Pt bimetallic clusters by a
polyol process from the corresponding metal
salts.2) The obtained colloidal dispersions of PVPprotected bimetallic clusters in ethylene glycol was
concentrated by ultra-filtration and/or solvent
evaporation and the concentrated dispersion was
put in a glass sample cell with polyimide windows
under nitrogen atmosphere. The particle sizes of
these bimetallic clusters were checked by a
transmission electron microscopy. All metal
elements were reduced to 0-valent, which was
checked by XPS and Auger spectroscopies.
Results and Discussion
The obtained colloidal dispersions of metal clusters
were very stable, and no precipitation or
aggregation was observed for more than 1 year
under nitrogen. However, under air, non-noble
metal elements (Cu, Ni) were oxidized gradually.
For avoiding the oxidation by air, we treated our
samples carefully under nitrogen. The particle
sizes of the bimetallic clusters are quite small with
a narrow size distribution, from 1 to 3.5 nm.
However, Cu or Ni monometallic particles have a
wide range of size distribution from 3 to 250 nm.
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Pd/Cu
Pd/Cu
• — Pd/Cu
Pd/Cu
Pd/Cu
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Figure 1 Fourier transformed Cu-K edge EXAFS
spectra of PVP-protected Pd monometallic and Cu/
Pd bimetallic clusters.
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INTRODUCTION

oxide species having a tetrahedral coordination
in C3V symmetry.
Furthermore, in the FT-EXAFS
spectrum, only a single peak due to the presence
of neighboring oxygen atoms (V-O) can be
observed at about 1.2 A (without phase
correction) showing that vanadium ions are
highly dispersed in the VS-2 catalyst. In the
curve fitting analysis of the XAFS spectrum of
the VS-2 catalyst, the best fitting was obtained
with one oxygen in the shorter V-0 distance of
1.64 A and three oxygens atoms in the long V-0
distance of 1.73 A. This is further supporting
the C3V model.
These results suggest that the V-0
moieties located on the zeolite framework are C3V
symmetrical species, and this species directely
correspond
to the emitting sites in this kind of
catalyst.31

The unique and fascinating properties of
zeolites involving transition metals within the
zeolite framework have opened new possibilities
in many research areas.1J However, the true
chemical nature and reactivities of zeolites
incorporated with transition metals are yet little
known. The present study deals with the in situ
characterization of the vanadium silicalite
catalyst (VS-2) with XAFS measurement.
EXPERIMENTAL
The vanadium silicalite catalyst (VS-2,
Si/V=58) was hydrothermally synthesized under
conditions reported in previous literature. 1)
Prior to measurements, the catalyst was heated
in O2 at 673 K and then evacuated at the
desired temperature. XAFS (XANES and
EXAFS) spectra were obtained at the BL-7C
facility of the Photon Factory at the National
Laboratory for High Energy Physics (KEK-PF)
in Tsukuba. The V K-edge absorption spectra
were recorded in the fluorescence mode at 295 K
with a ring energy of 2.5 GeV.
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RESULTS AND DISCUSSION
The XRD pattern and IR spectrum of the
VS-2 catalyst showed that VS-2 has a Silicalite
2 structure and vanadium atoms have been
incoporated into the zeolite framework.25
Figure 1 shows the XAFS spectra of the
treated VS-2 catalyst and the reference VO(O-i
C3H7)3 compounds. The shape of the XANES
spectra gives useful direct information on the
local structure and coordination
geometry of the
central vanadium atoms.2) The characteristic
feature of both XANES spectra is the
appearance of a pre-edge peak due to the so
called ls-3d transition which is mainly caused
by the mixing of 2p orbitals of the oxygen
molecules with 3dn orbitals of the vanadium
atoms. This p-d mixing suggests the presence
of
a terminal monoxo-vanadyl group (V=O).2) It
was also found that the shape of the XANES
spectrum of the VS-2 catalyst is quite similar to
that of the VO(O-i-C3H7)3 complex indicating
that the VS-2 catalyst consists of vanadium
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Fig. 1. The XANES and FT-EXAFS spectra of
VS-2 catalyst and those of VO( O-iC3H7)3
compound.
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Introduction
It is now well established that the inner-sphere
hydration number of the aqua rare earth ions changes from
nine tor the light rare earth members to eight lor the heavy
ones through an equilibrium between nine and eight in the
middle of the series. Kanno et al. reported in their Raman
study of glassy aqueous EuCl3 and GdClj solutions of
medium to lugh salt concentration ranges that the hydration
number shows an anomalous concentration dependence: the
nona-aqua rare earth species increases in population with
decreasing water content in the solutions. Choppin et al.
reported a luminescence lifetime study of aqueous 0.01M
EuClj solutions at the perchlorate concentrations from 0.01
to 8.2M: it was found that the hydration number of Eu(III)
changed from 9 for the 0.01 M solution to 11 for the 8.2 M
solution. In the present study, the hydration numbers of
Eu(IlI) in aqueous solutions of various perehlorate
concentrations have been determined by a lluorosence
XAFS method.

Fig. 1. The Fourier transforms \F(r)\ for the 0.01M
EuClj aqueous of various perchlorate concentrations.

Experimental
Eu-Liu XAFS spectra were recorded at 25 C by
lluorosence mode on BL7C in Photon Factory, National
Laboratory for High Energy Physics. The concentration of
EuCh in sample solutions was 0.01M H C l d was added to
the solutions to change the ionic strength as listed in Table
1

Table 1. Structural parameters for the sample solutions
HCICMM) H2O(M)

Results and Discussion
Fig. 1 shows the Fourier transforms of the individual
solutions.Table 1 shows the hydration number of Eu(III)
and the Eu-O distance with HC1O4 concentrations. It is
found tliat the hydration number of Eu(III) and the Eu-O
distance do not change with the ionic strength of the
solutions investigated.The present findings suggest that the
apparent change in hydration number ofEu(III) obtained by
the luminescence lifetime method is concerned in quenching
effect of highly concentrated CIO/ ions.

N

rl A

aI A

0.05

55.16

8.4(2)

2.44(1)

0.07(2)

0.10

55.03

8.1(2)

2.44(1)

0.07(2)

0.50

54.02

8.5(2)

2.44(1)

0.07(2)

1.00

52.82

8-1(2)

2.44(1)

0.07(2)

5.00

42.70

8.5(2)

2.45(1)

0.07(2)

8.20

38.40

8.2(2)

2.44(1)

0.07(2)

N: Hydration number, r: Distance, <r : Debye-Waller factor
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Introduction Knowledge about the chemical
state of heavy metal ions on the surface of soil
particles is essential to understand adsorption
behavior of heavy metal ions in soil systems.
Heavy metal ions have extremely high affinity to
soil and this is thought to be caused by innersphere complex formation between heavy metal
ions and the surface hydroxy groups on soil
particles. Recently it was confirmed that a zinc
ion is adsorbed on the surface of clay mineral by
releasing two protons1). However, uncertainties
are still remained about the chemical state of
zinc on the surface of clay minerals, i.e. whether
the zinc ion forms inner-sphere complex or not.
XAFS technique is a useful analytical method
which enable us to study solid-liquid interface.
In this study, chemical state of zinc ions adsorbed on a clay mineral was studied by XANES
method.
Experimental A Synthesized clay mineral,
amorphous aluminosilicate, was suspended in an
aqueous solution containing Zn ions. The
suspension was stirred for one hour and then
filtrated. The obtained solid phase was washed
a few times by water and placed in a polyethylene bag together with the filter. The Zn Kabsorption spectra of the adsorbed zinc ions
were measured at BL-7C at room temperature,
using a Si(lll) two-crystal monochromator and
a fluorescence detector2*. For a comparison, Zn
K-XANES spectra were measured for standard
materials, i.e. Zn(NO 3 ), aqueous solution,
Zn(OH)2 precipitates, ana Zn ions adsorbed on
A12O, and SiO2 gel.
Results and Discussion
The obtained Zn
K- XANES spectrum of the zinc ions adsorbed
on the amorphous aluminosilicate is shown in
Fig. 1 together with the spectra of the standard
materials. It can be seen that the spectrum of the
adsorbed zinc ions is different from those of
Zn(OH)2 and the aqueous solution of Zn(NO3)2.
This result shows that the chemical state of zinc
ions adsorbed on the surface of amorphous
aluminosilicate is neither aqua- complex nor
hydrate precipitate. From Fig. 1, it can be said
that the zinc ions form inner-sphere complexes
at the solid- liquid interface. This is the first
evidence of direct bond formation between zinc
ions and surface -OH groups on the amorphous
aluminosilicate.
Moreover, in Fig. 1, the zinc ions adsorbed
on the aluminosilicate show a spectrum similar

to that of the zinc ions adsorbed on A12O3, while
in the case of SiO2 gel the shape of spectrum is
completely different. This fact indicates that
two kinds of surface -OH groups on the surface
of amorphous aluminosilicate, i.e. aluminol and
silanol, have different reactivity for the zinc
ions, and aluminol is the active site of adsorption
for zinc ions. This result which suggests that
zinc ions form inner- complex with aluminol
groups, is consistent with the result obtained by
potentiometry3).
The above results show that XANES is a
quite effective analytical method for solid-liquid
interface. EXAFS analysis of zinc ions adsorbed on solids would give us information
about the structure of the surface complex
between surface aluminol groups and zinc ions.
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Figure 1. XANES spectra of Zn ions
(a) in Zn(OH)2 precipitate, (b) adsorbed on SiO2,
(c) adsorbed on the amorphous aluminosilicate,
(d) adsorbed on A12O3, and (e) in Zn(NO 3 ) 2
aquatic solution.
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Introduction
The urgent requirement to develop the fiber amplifiers
at 1.3|im and the frequency upconversion lasers has
renewed the interest in rare-earth doped sulfide glasses.
However there is no structural study of rare-earth ions in
sulfide glasses. The objective of this study is to examine
the sulfur coordination environments around rare-earth
elements in Ga2S3-GeS2-Ln2s3 system glasses (Ln=rareearth elements).
Experimental
Glass compositions employed for EXAFS experiments
are 50GaS3/2'20GeS2(30-x)LaS3/2xLnS3/2 (Ln=La, Ce,
Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb or Lu) and
(70-x)GaS3/2-xGeS2-20LaS3/2-10ErS3/2. The EXAFS
measurements were carried out on Ln-Lm, Ga-K and Ge-K
with BL-7C. Reference crystals employed are Ln2 s 3 for
Ln except for Eu, EuS, Ga2S3 and GeS2Results and Discussion
3.10

The Ln-S distances and the S coordination numbers of
Ln in the 50GaS3/2-20GeS2(30-x)LaS3/2'xLnS3/2
glasses are shown in Figs. l(a) and l(b). The Ln-S
distances and the S coordination numbers in the respective
crystals are also shown by open circles in Fig. l(a) and by
dotted lines in Fig. l(b), respectively. The Ln-S distances
in glasses are slightly longer than those in crystals and
almost linearly decrease with an increase in atomic number
of rare-earth element, except for Eu. Exceptional behavior
of Eu can be explained by the fad that Eu is present in
divalent state and the other Lns are present in lrivalenl
state. It is concluded that rare-earth elements in the present
sulfide glasses have almost the same S coordination
environments as the correponding rare-earth sulfide
crystals.
Figure 2 shows the Ga-S, Ge-S and Er-S distances in
(70-x)GaS3/2-xGeS2-20LaS3/2-10ErS3/2 glasses. The GaS and Ge-S distances little change, but the Er-S distance
largely changes with glass composition. In the GaS3/2GeS2-LaS3/2-ErS3/2 system glasses, covalent character in
chemical bond decreases in the order Ga-S, Ge-S and LaS«Er-S. This implys that the order of priority in S
coodination for Ga, Ge and Er is in this order. Therefore
the Ga-S and Ge-S distances are hardly influenced by glass
composition, but the Er-S distance is largely influenced.
2.79

Lt C* h Nd TmSm B» <M Tb Dy lie El T* Yfc U

Rare-earth element
Fig. l(a) Ln-S distance

•-r 1 f
1(5

UCi

Rare-earth element
Fig. l(b) S coordination number of Ln

H

2(5

GcSj content/mol%
Fig. 2 Ga-S, Ge-S and Er-S distances
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Introduction
In metal physics it is important to know how
metals alloy. Mechanical alloying enables us to
make it easy because alloying process is so slow in a
time scale. We report changes in XANES spectra of
mechanically alloyed YFe2 dependent on milling time.
Experimental
Starting materials were powdered Fe and Y in the
purity of 99.95 %. They were milled in a stainless
steel vessel with stainless steel balls. The intensity
of Fe (100) was measured by X-ray diffraction using
Cu K a radiation.
XANES experiments were
carried out with a transmission mode at the BL-7C
station of Photon Factory (KEK, Tsukuba). The
measurement was done near the K edge of Fe at 300 K
in the operation of 2.5 GeV.

0.0

Results and Discussion
Figure 1 shows normalised intensity of the
reflection from Fe(110) versus milling time for YFe2.
The intensity decreases with increasing time and
almost disappears more than 500 hours. We cannot
detect any other reflections than Fe(110) after 400
hours. These means that the sample after 500 hour
milling is almost amorphous. As shown in Fig.2 we
have observed XANES spectra of Fe K edge for these
mechanically alloyed YFe2 together with a pure Fe
powder, a C15 Laves phase YFe2 compound and a
melt-spun amorphous Y67Fe33 alloy.
We pay
attention to a pre-peak at about 7.11 keV. The Fe
powder has no clear peak while the amorphous
Y67Fe33 and Laves phase YFe2 show clear peaks.
For mechanically alloyed YFe2, on the other hand, the
longer the milling time is, the clearer the peak
becomes. From EXAFS analysis we can estimate
the nearest Fe-Fe pair distance is about 2.48 A for
pure Fe and about 2.60 A for YFe2 compound and
amorphous Y6?Fe33. We have obtained the result
that the nearest neighbour distance is closely
connected with the fact whether the pre-peak is clear
or not. With this relation between them, the Fe-Fe
distance becomes longer as the milling time increases.
We also consider that the growing of the pre-peak
shows changes in electronic states around Fe atoms.
The detailed analysis is now in progress.

200
400
Milling time / hour

600

Fig.l. X-ray reflection intensity from the (110)
plane of Fe plotted against milling time for
mechanically alloyed YFe^

ro-YFe2(40Oh)
m-YFe2(250h)
ro-YFe2(150h)
n)-YFe2(100h5
-YFe2(60h)
-YFe2(40h)

Ob
7.10

7.12
7.14
Energy / keV

Fig.2. XANES spectra at the Fe K edge for
mechanically alloyed YFe2, Fe powder,
compound and melt-spun amorphous Y67Fe33.
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OF RARE-EARTH-TRANSITION METAL MULTILAYERS
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Introduction
Recently there are many studies on Light

t

Rare-Earth-Transition Metal(LRE/TM)
multilayers (MLs) which will be applied to
Magneto-Optical (MO) recording media oparating
at shorter wave length such as blue laser. Magnetic
and MO properties of LRE/TM MLs were
investigated by many researchers. Most works
were focused on their fundamental characteristics.
The aim of this work is to clarify the
correlation of the magnetic and MO properties with
the local structure. In this report the properties of
NdGd/FeCo MLs are discussed by analyzing the
local structure of Y/Fe MLs.
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Fig. 1 Normalized absorption spectra of Y/Fe
multilayers

Experiment
Samples were prepared by rf magnetron sputtering method. Magnetic properties are measured by
VSM and torque magnet meter. In photon Factory, Xray absorption measurement at the Fe K-edge of Y/Fe
MLs was carried out utilizing the XAFS station at the
BL-7C. All XAFS measurements were made at room
temperature by florescence mode.

bilayer period
5.0
2.0

Result and discussion
Normalized Absorption coefficients of Y/Fe
MLs are shown in Fig. 1. The structure of Y/Fe MLs is
in amorphous state up to bilayer period of A=4.6nm.
The spectrum of the ML slightly change when the
bilayer period becames 5.6nm. From the spectra of the
films with bilayer period A> 5.6nm, we can see the
unique spectra originated from bcc structure.
The peak value of FT amplitude versus inverse
of bilayer period is indicated in Fig. 2. The peak value
of FT amplitude is slightly increasing with increasing
bilayer period. And the FT amplitude drastically
changes at about 0.2 (bilayer period A ~ 5nm). In this
area the Fe structure of Y/Fe MLs radically change
from amorphous to bcc structure.
Whereas from the MO Kerr spectra of NdGd/
FeCo MLs at 85K it is found that the magnetic and
MO properties begin to change at the bilayer period of
1.0-2.0nm.
Comparing the structural change of Y/Fe MLs

0.2
0.4
0.6
0.8
Inverse of bilayer period (1/nm)

1.0

1

Fig. 2 Change of FT amplitude of Y/Fe multilayers
versus inverse of bilayer period
and the change of MO Kerr spectra in NdGd/FeCo
MLs, it is considered that the magnetic and MO
properties of rare-earth-transition metal MLs are
gradually change up to the critical bilayer period (in
this case about 5.0nm) and then drastically change
toward that of the pure crystaline transition metal
films.
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(2)Institute for Materials Research, Tohoku University, Sendai 980,Japan
0.32 nm develops at 773K and increases in its intensity
at 973K.
Because of the immiscibility between Y and Zr,it
is very plausible that Zr atoms rarely come close to Y
atoms and so the first peak in F(r) for the Y K-edge
should correspond to Y-Ni or Y-Al correlations.
Position of the second peak in F(r) curve for the
annealed at 773K is just agreed with that of the first
peak of that for the calculated hep Y as shown in Fig.2.
Therefore, the second peak in F(r) curve annealed at
773K can be attributed to Y-Y correlation.
The
appearance of the strong Y-Y correlation just after the
first glass transition suggests that the first glass
transition and following crystallization are associated
with the development of Y-rich phase in a super-cooled
liquid.
On the other hand, local structure changes of Zr in
Zr33Y27Ali5Ni25 with annealing are fairly different from
those of Y. Fig.2 shows that the changes are very
small even after annealing at 773K. The comparison
between the Y and Zr K-edges for the Zr33Y27AlisNi25
suggests that degree of local order around Zr is higher
than that of Y. Strong affinity between Zr and Ni
and/or Zr and Al inclines to increases in Zr-Ni or Zr-Al
bonds preferentially at the as-quenched state.

Introduction
Recently a metallic glass exhibiting two steps of
glass transitions have been found in Zr33Y27AlisNi25 by
Inoue et al lu> . Because of the immiscibility between Y
and Zr ,the first glass transition and subsequent
crystallization are attributed to the evolution of Y-rich
phase, while the second one Zr-rich phase2'. In the
present work XAFS measurements of the K-edges of
Y and Zr were done for Zr33Y27AlisNi25 metallic glass
in order to clarify what kind of elements are associated
with each glass transition and subsequent
crystallization.
Experiments
Ribbon samples of Zr33Y27AlisNi25 were prepared
by a single roller melt-spinning technique in an argon
gas atmosphere. XAFS measurements of the Zr and Y
K-edges were carried out at BL7C using a Si(lll)
monochromator by a transmission mode for the asquenched and the annealed for 5 min at just below
Tg(623K),between Txi and Tg2(773K),and above
Tx2(973K).
Results and Discussion
Fig.l shows a comparison of XAFS spectra
between the Y and Zr K-edges for the Zr33Y27AlisNi25,
as-quenched and annealed at 773K. The results of
Fourier transforms of these k3x(k) in the k-range from
30 to 110 nm"1 are shown in Fig.2 . In Fig.2 calculated
results of the Y K-edge for hep Y using FEFF5(3) are
also shown for comparisons. The local structure of Y
for the annealed at 623K does not change much from
the as-quenched one. At 773 K, where the first
crystallization is over, a drastic change of the local
structure emerges; a peak in the F(r) curve at around
2
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INTRODUCTION
Electronic properties such as conductivity and magnetic
susceptibility of molten In-Te mixtures indicate an
anomalous temperature dependence around a stoichiometric composition of In2Te3.1) Magnetic susceptibility
shows a minimum value at this composition, In2Te3, just
above the melting point. With increasing temperature,
the minimum composition moves from In2Te3 to In2Te.
Large specific heat and anomalous temperature
dependence of the ultrasonic velocity have also been
observed around this stoichiometric composition.2'3) It is
interesting to investigate the short range order of molten
In-Te mixtures.

length 2.94A, while Te-Te atomic distance is 3.lA. It
suggests the possibility of a cluster formation for molten
Ino.4Teo.60.006

EXPERIMENTAL
EXAFS measurements for molten In-Te mixtures were
carried out on both the In K-absorption edge and the Te
K-absorption edge using the EXAFS spectrometer with
Si(311) monochrometer installed at BL-7C station of the
Photon Factory in KEK. Positron acceleration energy and
stored ring current were 3.0GeV and 180mA,
respectively, suitable for a high energy absorption edge
such as In K-edge and Te K-edge. The In-Te mixtures
were prepared by the direct reaction of In with purity
99.98% and Te with purity 5N. The samples were put
into the quartz cell with the X-ray windows of the
thickness 0.3mm. The optimum values of sample
thickness ranged from 50 nm to 100 ujn. The
temperature range under the investigation was from 500
°C to 900°C.

-0. 00(

Figure 1. x(k)

on

Te K-edge for molten InxTei-x mixtures.

0.02

RESULTS AND DISCUSSION
Figure 1 shows the EXAFS signals, yiflc) (Te K-edge)
of molten In,Tei-x mixtures with x=0.2, 0.4 and 0.5.
EXAFS oscillations are observed clearly up to 11 A"1 in
spite of a molten state at such high temperature. It is
noted that EXAFS oscillation for molten Ino.sTeo.5 dumps
at high k region compared with those for the other
compositions. Figure 2 shows the Fourier transforms,
\F(r)\, of the EXAFS oscillations. For molten Ino.2Teo.8>
the main peak of \F(r)\ located at 2.62A has a quite
sharper distribution than the usual temperature
dependence. That for molten InasTeas has a broad
distribution compared with that for molten Ino.4Teo.6.
The spectra are analyzed by the standard fitting method
assuming two sites of Te-Te and Te-In. As preliminary
results, it makes clear that the contribution of Te-Te
covalent bonds with a bond length of 2.89A can be seen
for molten Ino.2Teo.8. For molten Ino.4Te<x6, about 2.6 In
atoms distribute around a central Te atom with bond
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Figure 2. \F(r) | on Te K-edge for molten InxTel-x mixtures.
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not thought to be preferentially sited adjacent to
dopant (Y ion ) rather than Ce ion. The oxygen ion
(and/or oxygen vacancy) around the yttrium and
cerium ion were expected to move easily at about x
= 0.1. inducing the maximum conductivity.

Introduction
Some perovskite or pylochlore type oxides have
been known to exhibit good proton conduction
under hydrogen-containing atmosphere at
elevated temperatures[l]. These oxides can be
used as a solid electrolyte for various
electrochemical devices such as hydrogen sensors.
fuel cells, hydrogen pumps etc. However the
relation between the microstructure and proton
conductivity has not been clear. Furthermore, the
reason for the maximum proton conductivity of
Ba(Cei.xYx)0.3 at about x=0.1 has not been clearly
given [2-4].
Therefore, in this study, the local structures
around Ba and Y in Ba(CeixYx)O3 were
determined by means of EXAFS spectrometry to
obtain the relations among the dopant content, the
kind of dopant and proton conductivity.

-•-Ba-0
-A-Y-0

•
o

j2

•

•

CO

8
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O
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Experimental
The X-ray absorption measurements near BaL3 and Y-K edges at room temperature were made
with Synchrotron Radiation by use of the EXAFS
facilities on the beam line 7C. The powder samples
of perovskite Ba(Cei.xYx)O3 (x=0, 0.05, 0.10 and
0.20) phase were prepared by heating the mixture
of BaCO3. CeO2 and Y2O3 powders at 1673K in air
for 35h.

A

-

-«
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I

.

I

.
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i

0.05
0.10
0.15
Dopant content x

0.20

Fig. 1 Interatomic distance of Ba(Cei.xYx)Os

Results and Discussion
The Ba-O. Y-0 and Ba-M interatomic
distances were calculated from the least-square
fitting of EXAFS spectra. The dependences of the
interatomic distances upon the dopant content are
shown in fig. 1. The Ce-L3 edge was so close to BaL3 edge that we could not analyze the spectrum
near Ce-L3 edge.
The Ba-0 and Ba-M interatomic distances had
the minimum values between x = 0.05 and 0.10.
On the other hand the Y-0 interatomic distance
had the maximum value around X = 0.10. At these
dopant contents, the maximum proton
conductivity has also been observed[2-4].
Therefore, in contrast to the case of fluorite-type
oxides as doped ZrO2 [5], the oxygen vacancy was
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Introduction
A "metal ion-implanting method" is a
fascinating method to design highly dispersed
active photocatalysts on various types of supports.
In the present study, we deal with the preparation
and characterization of the highly active
tetrahedral titanium oxide species implanted onto
porous silica glass and the successful utilization of
these catalysts for the photocatalytic degradation of
2-propanol diluted in water.

UV-irradiation of the TiC-2 / PVG photocatalysts in the diluted aqueous solution of 2propanol in the presence of O2 led to the formation
of CO2 and acetone. After a long UV-irradiation
acetone was finally decomposed into CO2. The
specific photocatalytic activities of these TiO2 /
PVG photocatalysts were found to be much higher
than that of Degussa P-25 anatase TiC"2
photocatalyst. It was found that the specific
photocatalytic activity of the TiC-2 / PVG
photocatalysts was remarkably enhanced in the
regions of lower Ti contents and that an efficient
and high reactive photocatalyst was achieved when
lower ion-acceleration energy was applied for the
Ti-ions implantation.
These results indicate that the TiC>2 / PVG
photocatalysts are effective photocatalyst for the
liquid-phase reactions and the application of the
metal ion-implantation method is useful and
promising for the preparation of the highly active
glass-like photocatalysts.

Experimental
Titanium oxide catalysts implanted onto
porous silica glass (PVG: Corning Code; 7930,
Surface area; 150 m^/g) with different Ti contents
were prepared by the metal ion-implantation
method (acceleration voltage: 30-100 keV) using
TiCl4 as the source of Ti ions. The catalyst was
heated in O2 at 723 K before use. The catalyst (150
mg) in the aqueous solution of 2-propanol (2.6 xlO"3
mol/1) was irradiated at 295 K using UV-light (X >
280 nm) under bubbling of O2 in the system.
Results and Discussion
Titanium oxide catalysts dispersed onto PVG
prepared by the ion-implantation method (TiO2 /
PVG) exhibited large blue shifts in the UV
absorption band, its extent depending on the Ti
contents. These shifts were associated with the
high dispersion of titanium oxide species prepared
on PVG.
As shown in Fig. 1, the Ti K-edge XAFS
spectra of these TiO2 / PVG photocatalysts exhibit
a single and intense preedge peak in the XANES
spectra, indicating that the titanium oxide species
are present in a tetrahedral coordination. The
corresponding FT-EXAFS spectra indicate the
presence of isolated titanium oxide species in these
TiO2 / PVG photocatalysts.

4960

5000

5040

0

2

4

X-ray Energy/eV
Distance/A
Fig. 1 XANES spectra (left) and FT-EXAFS spectra
(right) of TiO2 / PVG photocatalysts. Amount of
implanted Ti ions: a) 4.3, b) 8.7, c) 17.3 x 10"7 mol /
cat-g. Ion acceleration voltage: 100 keV.
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Kiyotaka ASAKURA*, Youzhu YUAN**- *** and Yasuhiro IWASAWA**
•Research Center for Spectrochemistry, Faculty of Science and **Department of Chemistry,
Graduate School of Science, the University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan.
***Department of Chemistry & State Key Laboratory for Physcial Chemistry of the Solid State
Surface, Xiamen Unveiversity, Xiamen, China
l/SiO2 showed high activity for H ^ ^ exchange
reaction. We conducted in-situ EXAFS study of
l/SiO2 in the presence and absence of Hj. No
remarkable change was found in the EXAFS
spectra of l/SiO2 even under 0.3 MPa Hj
atmosphere, indicating hydrogen atom does not
strongly adsorbe on Pt even under the reaction
condition and the molecular H2 may directly
interact with PtAu6 cluster to catalyze H-D
exchange reaction.

Introduction
Au has drawn attention due to its high activity
for oxidation reaction and due to its potential
use as a good modifier for catalyses.
We have prepared the supported PtAu
heteronuclear organometallic clusters on SiO2
surface and found that it shows high activity for
RrDj exchange reaction.0 In this paper we
report the structure analysis of the supported
PtAu heteronulcear organometallic compounds
on SiO2 surface.

Table 1 curve fitting results of 1 and l/SiO2
Sample edge
M-P
M-Au

Experimental
We synthesized [(AuPPh3)6Pt(PPh3)](NO3)2 1
according to the literature.
They were then
deposited on SiO2 surface (Aerosil 300) with a
dried ethanol solution in Ar atmosphere
(99.9999 %) followed by evaporation of the
solvent under vacuum for 5 h at room
temperature. EXAFS measurements were
carried out at room temperature.

1
1/
SiO2

r/ nm

CN

r/ nm

CN

Pt

0. 228

1.0

0. 269

6.0

Au

0. 230

1.0

0. 283

4.0

Pt

0.228

1.0

0.269

6.0

Au

0.230

1.0

0.283

4.0

Results and discussion
Fig. 1 shows the Fourier transforms of 1 and
l/SiO2. The position and intensity of main peak
are maintained after the deposition of the cluster
on SiO2. We conducted curve fitting analyses
for both Pt and Au L3-edge EXAFS. The best
fitting results were tabulated in Table 1. The
Au-P and Au-Au were found at 0.230 and 0.283
nm while Pt-P and Pt-Au were at 0.228 and
0.269 nm for both 1 and l/SiO2, respectively.
The structure parameters of 1 were in good
agreement with the crystallographic data. Little
change was found between 1 and l/SiO2
indicated that PtAu6 cluster structure was
maintained on the SiO2 surface.

Fig. 1 Fourier transform for l(a,b) and
l/SiO2(c,d); a), c) Pt L3 and b),d) Au L3 .

1)Y. Yuan, K. Asakura, H. Wan, K. Tsai, Y.
Iwasawa, Chem.Lett., 120 (1996).
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The curve-fitting analysis of the peak I and peak
Introduction
II was performed by using the literature data of
Eu-0 and La-Al shells, respectively. These data
In the previous paper, the authors reported the
were extracted from the FTs of EU2O3 and
rare-earth ions in zeolite cavities and on metal
LaA103 as reference materials. The distance (R)
oxides, such as AI2O3 and SiO2-Ai2O3, act as
and coordination number (N) for pcajc I for the
heterogeneous photocatalysts for the decompoPr-M degassed at r.t. were 2.4$ A and 15,
sition of dinitrogen monoxide (N2O)1). The
respectively. The values of (R, N) determined
praseodymium-ion exchanged mordenite, denoted
for
peak I and peak II in Fig.l-(b) were (2.28
A,
by Pr-M, was most effective photocatalyst among
3+
6)
and
(3.40
A,
0.7),
respectively.
The
Pr
ion
the catalysts tested, . It was also shown that the
in the Pr-M degassed at 873 K is surrounded by
photocatalytic activity of the Pr-M appeared after
about six oxygen anions and one Al cation. It is
degassing the Pr-M at above 500 K1).
However, the activation process of the Pr-M and
supporscd that the the Pr3+ ion is isolated each
other and located
the active state of the Pr ions are not clear yet in
the Pr-M. The authors
report
the
coordination
with a one-sided
1 sphere around the Pr3+ ions before and after
I
coordination to
a
degassing the Pr-M at 873 K, evaluated through
oxygen ions at
the Pr L3 X-ray adsorption measurements.
3the wall site of
the large channel
Experimental
2•3), which can be
accesible
for
The Pr-M was prepared by the method reported
<u
1 N2O
molecule
to
elsewhere'). The Pr L3 cgdc absorption spectra
I
x:
contact with the
f
^—. .»«.
were obtained in a fluorescence mode at the
^
3+
'5 0 V
Pr
ion and
EXAFS facility installed on the BL-7C line of the
r
1— i — 1 1
5
5
6
0 1
photodecompose
3
2
PF at National Laboratory for High Energy
S:
into
N2
and
O2.
Physics, Tsukuba.
The detailed procedure of
"o 4 the data treatment was described elsewhere2).
b

A
!
/V

I EXAf

1

FT magniitude

A

Results and Discussion
Figure 1 shows a set of the Fourier transforms
(FTs) of k^-weighted EXAFS of the Pr-M
degassed at r.t. and 873 K. The degassing
treatment of the Pr-M at 873 K resulJs in a
decrease in the peak intensity around 2 A. No
considerable peaK due to a Pr-Pr shell, detectable
in the FT of P^On bulk at above 4 A, was
observed for the FTs of the Pr-M.
The measurement of the diffuse reflectance UVVIS spectrum for the Pr-M reveals
that the Pr
ions exists in the forms of a Pr3+(H2O)9 ion
before degassing the Pr-M at 873 K. The
peak
intensities in the UV-VIS due to the Pr3+(H2O)9
ions decreased during the degassing the Pr-M by
releasing the water molecule from the Pr-M,
evidenced by mass spectrometer.
Therefore,
the peak I in Fig.l-(a)
mainly
originates
from the
Pr-0 shell of Pr3+ and O2- of adsorbed water
molecules,3+and peak I in Fig.l-(b) from Pr-0
shell of Pr and oxygen anion of the mordenite
cavities.
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Figure 1. Fourier transforms of £3-weightcd Pr
U EXAFS of the Pr-M degassed at (a) r.t., and
(b) 873 K. Phase shift was not corrected.
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Introduction
The shape and size of metal
particles of supported catalysts are
important factor for their catalytic
activity and selectivity. Graphite
can incorporate many kinds of
materials, and metal graphite
intercalation compounds (M-GICs) are
of great interest for their catalysis.
In this study, we investigated the
structure of iron metal particles in
graphite lamellar structure by EXAFS
spectroscopy.

Experimental
Fe-GIC Iron chloride ( \H ) and
graphite (LONZA SFG44) were mixed in
an ampule and dried under vacuum for 2
hours at 393 K. The amount of iron
was 5 wt%. After the ampule was
sealed, it was heated at 573 K for 48
hours (FeCl3-GIC). Fe-GIC sample was
prepared from FeCl3-GIC by reduction
with hydrogen at 773 K.
Fe/G Fe supported on graphite was
prepared by the reduction of the
mixture of dehydrated iron chloride ( III)
and graphite with hydrogen at 773 K.
The amount of iron was 5 wt%.
EXAFS spectra were measured at
BL-7C and BL-12C. All the spectra
were analyzed with the program of
EXAFSH1'.

Results

and Discussion

Both figures show the peak at 2.1 A
ascribed to Fe-Fe bond, which means
that iron presents in a form of metal
particles in these samples. The peak
intensity for the spectrum of Fe-GIC
is smaller than that of Fe/G and,
moreover, both of them are smaller
than that of Fe foil (Figure lc). It
shows that small iron metal particles
of Fe-GIC sample are more highly
dispersed than that of Fe/G sample.
These results suggest that the
agglomeration of iron metal particles
during the reduction is restricted in
graphite layers compared with on
graphite surface.

Figure 1
Fourier transforms for
EXAFS spectra of Fe-GIC (a), Fe on
Graphite (b), and Fe foil (c).

Figure la and lb show the Fourier
transform for Fe K-edge EXAFS spectrum

1) Prograri "EXAFSH" coded by T.Yokoyama and
T.Chta, The University of Tokyo (1993).

of Fe-GIC and Fe/G, respectively.
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NATIVE OXIDE GROWTH ON CLEAN AND HF-TREATED SI(IOO) SURFACES
Ken-ichi Yamamoto
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dihydride phase.

1. Introduction
Future ULSI devices will require higher-quality
insulating thin films, so making Si(100) surfaces flatter and controlling native oxide films on these surfaces have become important.U) Rinsing Si wafers
with dilute hydrogen fluorine (HF) eliminates native
oxide on Si surfaces and inhibits oxidation of the surfaces,U) because hydrogen (H) atoms terminate dangling bonds on Si surfaces.0 However, this is not
enough for future high-quality films. To find a way to
control native Si-oxide films more completely, extensive studies have been carried out on the process of
native oxide growth on HF-treated Si surfaces.12'
However, the process of native oxide growth
(whether layer-by-layer" or island growth2)) and the
role of H-termination in the oxidation process are not
yet fully understood.
I investigated the early stages of native oxide
growth on clean and HF-treated Si(100) surfaces in
air with surface-sensitive X-ray photoelectron spectroscopy using synchrotron radiation (SR-XPS).3)
This is the first study to take surface components
(such as hydrogen-adsorption components) and suboxide components into account when analyzing the
Si2p spectra.

3. Results and discussion
The oxide film thicknesses on both clean and HFtreated Si(100) surfaces showed steplike changes
(Fig. 1). This suggests that the oxidation of both surfaces proceeded as layer-by-layer growth." On the
other hand, Fig. 2 shows the Si2p photoelectron spectra of both surfaces, which had oxide film thicknesses
of about 1 molecular layer (0.183 nm). The two surfaces had both surface components (S, S\ D, and M')
and SiO2 (Si**) components at the same time. This
indicates that both surfaces proceeded by island
growth.2' Taking both of these results into account, I
conclude that the oxidation of both Si(100) surfaces
proceeds mainly in layer-by-layer growth and partly
by island growth. However, HF-treated Si(100) surfaces proceed more by island growth than clean surfaces. HF-treated Si(100) surfaces with native oxide
films more than one molecular layer thick still have
an oxidation inhibiting effect when compared with
clean surfaces with almost the same film thickness
(Fig. 1). Furthermore, I have found that the relative
intensity of each suboxide component (Si1+, Si2+, and
Si3+, where Si"+ means the chemical bonding state
bonded to n oxygen atoms) varies, while the SiO2 /Si
interface thickness becomes almost constant when the
oxide film thickness is greater than two molecular
layers. This suggests that the reconstruction of oxygen atoms with Si atoms occurrs at the interfaces.

2. Experiments
The experiments were performed at a soft X-ray
beamline (BL-8A) at the Photon Factory.3' Reflection high energy electron diffraction (RHEED) was
used to verify the structure of the surfaces.
The specimens were Cz, p-type Si(100), 10-Q. flat
substrates. Clean surfaces were obtained through repeated annealing by resistance-heating at about
1200°C and the surfaces had 2x1 reconstructed structures. The HF-treated surfaces were obtained by rinsing Si wafers for 10 minutes in a 5 mol% dilute HF
solution and these surfaces had a Si(100)lxl-2H
0.6
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Fig. 1. Change in the native oxide film thickness on
(a) the clean, and (b) the HF-treated Si(100) surfaces.
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Fig. 2. Si2p photoelectron spectra of (a) the clean
surface left for 1 second, and (b) the HF-treated
surface left for 1 hour, in air.
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INTRODUCTION
The material for giant magnetoresistance
(GMR) has been attracting much interest. We
observed a magnetoresistance (MR) ratio of 3 %
for the sputtered Fe oxide film."1 The MR ratio
of this film is ten times larger than that of
Fe^O4. To know the origin of GMR of the film,
the microstructure is observed by TEM and
EXAFS.

mation. In further research, it is necessary to
clarify the contribution of the coordination
numbertoGMRforthisfilm.
References
[1]A. Nagai, M. Sano, T. Kawagoe, K. Nakagawa and A. Itoh:
Digests of the tenth annual conference on magnetics in
Japan,25pD-12 (Tokyo, 1995) [in Japanese].
Table 1 MR ratio, resistivity, and structure determined from
XRD for the samples

Sample

EXPERIMENT
The samples as shown in Table 1 are
observed by transmission electron microscope
(TEM), and are analyzed by extended x-ray
absorption fine structure (EXAFS). The powder
of FeO, FeaQfc y-Fe2O3. a - F e ^ is analyzed by
EXAFS as the standard samples.

MR ratio
[%]

resistivity
l"m]

structure

A

2

4.9

spinel

B

0.6

4.8

spinel

C

0.6

4xlO 3

spinel

RESULTS and DISCUSSION
Sample A, which showed a MR ratio of 2
%, was observed by the TEM. Columnar
structure was observed as shown in Fig. 1. A
diameter of the column was ranging from 20 to
40 nm as shown in Fig. 2. The amorphous phase
was observed
along the crystal
grain
boundaries and its width was less than 10 nm.
Therefore, the structure is very similar to the
granular materials, which consists from
ferromagnetic particles of nanometer size in
the nonmagnetic
matrix.
However,
the
dependence of MR characteristics on magnetic
bias field is different from that of the granular
materials.

50nm
Fig. 1 Cross-sectional TEM image of the sample A.

To reveal the mechanism of GMR, the
coordination
number for the films
are
analyzed by EXAFS using the parameters
which are fitted by the least mean square
method for EXAFS oscillation. A coordination
number for Fe of sample A, which shows GMR
is ranging from 1.3 to 1.6 times more than that
of samples B and C. This difference of the
coordination number is important infor-

50nm
Fig. 2 TEM planar view of the sample A
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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. 1, suppression effect is remarkable in
the high energy region. When high energy photons which
can excite deeper than Si(2p) or Al(2s) electron was used,
suppression was almost perfect, while no suppression was
observed when valence or Al(2p) excitation. Since the
cut-off energy can not be changed continuously in our
experiment, unfortunately, we can not distinguish which
excitation, Al(2s) or Si(2p), is essential for the highly
efficient growth suppression. The tendency of photon
energy dependence was similar to the clean Si case, but the
threshold energies where suppression efficiency increased
were different each other. In the clean Si case, Al 2p
excitation, which is the shallowest inner shell electron, was
sufficient to cause perfect suppression, however, higher
photon energy corresponding to Al(2s) or Si(2p) was
necessary in the hydrogen terminated Si surface. The
difference of threshold energy should be explained in terms
of chemical nature of the surface modification layer which is
formed by the initial photochemical reaction of adsorbed
molecule.

INTRODUCTION
In the last several years, we have studied upon the
photochemical effects of synchrotron radiation(SR) on Al
chemical vapor deposition(CVD). The SR irradiation
effect strongly depends on the surface chemical reactivity,
i.e., Al growth is suppressed on Si surface, and growth is
initiated on SiO2 surface. When the hydrogen terminated Si
surface is used (the reactivity of this surface is intermediate
between clean Si and SiO2 surface), suppression effect is
observed0, and the temperature range where the growth is
suppressed is significantly higher than the clean Si surface.
On the other hand, the SR irradiation effect also depends on
the excitation photon energy. In the case of Si surface,
when high energy photon which can excite inner shell
electron of Al(2p) is used, suppression is almost complete,
however no suppression is observed by valence electron
excitation2'. Therefore, to clarify the photon energy effect
on the growth suppression on hydrogen terminated Si
surface, we examined photon energy dependence of CVD
characteristics.
EXPERIMENTAL

REFERENCE

Experiments were 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.
Hydrogen terminated silicon surface was prepared by
cupping 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. Dimethyl aluminum hydride(DMAH) was used as
the CVD gas, which was supplied by molecular beam
source. Substrate temperature was 2 7 5 t . Film growth
time was 90 nun. The film thickness of deposited
aluminum was measured by a step-height meter, Dektak
3030ST(SaloamCo).

1)F. Uesugi and I. Nishiyama, Photon Factory Activity
Report, #11 (1993) 190, ibid., #12 (1994).
2)F. Uesugi and I. Nishiyama, Appl. Surf. Sci., 79/80. 203
(1994).
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RESULTS AND DISCUSSION

Fig. 1 Photon energy dependence of SR induced growth
suppression on a hydrogen terminated Si surface.

Figure 1 shows the photon energy dependence of
suppression efficiency, which is defined as the filmthickness ratio between SR irradiated and non-irradiated
area. The horizontal axis shows the upper limit of the
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INTRODUCTION
In the previous article of this issue, we reported that the
threshold photon energy where Al growth was effectively
suppressed on a hydrogen terminated Si surface is clearly
different from those on a clean Silicon surface", i.e., higher
energy photons which can excite Al(2s) or Si(2p) inner shell
electrons were needed for the growth suppression on Hterminated Si surface, while Al(2p) excitation was sufficient
to cause suppression on the clean Si surface.
The photon energy dependence of suppression efficiency
on the clean Si surface was explained in terms of the product
change in the initial stage of film growth: when the valence
electron was excited, metallic aluminum was formed on the
surface, while aluminum carbide was formed when core
electron was excited. To clarify whether such change as
found on clean Si surface is also caused on H-terminated Si
surface or not, and to consider why thresholds are different
between H-terminated and clean Si surfaces, we analyzed the
chemical nature of surface layer formed on the H-terminated
Si surface by using Auger electron spectroscopy, and the
results were compared with those of clean Si surface case.
EXPERIMENTAL
Experimental procedure for SR irradiation was almost
same as the previous article of this issue. After the 15 min
irradiation, the surface layer was analyzed by in situ Auger
electron spectroscopy.

clean Si and H-terminated Si cases. This difference must be
explained by the action of hydrogen which terminates the Si
surface. We considered two possibilities for the action of
hydrogen. First one is the change of adsorption structure of
DMAH (dimethyl aluminum carbide) molecule. DMAH is
known to adsorb on clean Si surface dissociatively, however
this dissociative chemi-sorption should be prevented by the
surface-hydrogen which covers the dangling bond on clean Si
surface. If the DMAH molecule physisorb on H-terminated
Si, the electronic structure must be changed, then, the
photodecomposition of DMAH may be changed by this
structure change. However, this mechanism is improbable
in the present temperature condition, 2 7 5 t , because Al-Si
bond can be formed even on the H-terminated Si surface at
this temperature, where Al can grow thermally. Therefore,
we consider second mechanism, which is participation of
hydrogen to the reaction of photodecomposed DMAH. The
C-H bond breaking must occur by Al(2p) excitation both on
H-terminated and clean silicon, if the structures are similar
with each other, but the succeeding reaction may be
prevented by the surface-terminating hydrogen, and then
aluminum carbide is never formed on H-terminated Si surface.
To form A1C against this prevention effect of hydrogen, more
efficient decomposition of DMAH or photodesorption of
Hydrogen from silicon is needed. We suppose that these
photochemical processes are caused by shorter wavelength
photons which can excite Al(2s) or Si(2p) electrons.
REFERENCE
1)F. Uesugi and I. Nishiyama, this issue, previous article.
2)F. Uesugi and I. Nishiyama, Photon Factory Activity Report,
#12(1994).

RESULTS AND DISCUSSION
Chemical shift of Al L W Auger electron signal was
measured as the function of cut-off energy of SR photons
(Figure 1).
The result shows clear photon energy
dependence: When low energy photons (<83eV) were
applied during Al growth, chemical shift of the surface layer
was 68 eV, which means mat metallic aluminum was formed
on the surface. On the other hand, when higher energy
photons was used, chemical shift was changed to 64 eV
which corresponds to the value of aluminum carbide. This
change of chemical nature of aluminum (from metallic to
covalent bond) agrees well with the growth suppression
efficiency0. This means that the mechanism which was
proposed for the clean-Si case is responsible for the Hterminated Si case, that is, valence excitation cause mainly
A1-CH3 bond breaking and forms metallic Aluminum, while
core electron excitation causes C-H bond breaking and forms
covalent-type aluminum carbide on Si surface.
However, the threshold energy where chemical nature
changes from metallic to covalent is clearly different between

0

100

200

300

CUT OFF PHOTON ENERGY / eV

Fig. 1 Photon energy dependence of Al L W chemical shift of
modification layer formed on hydrogen terminated Si surface.
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INTRODUCTION
In the previous two articles of this issue, we reported the
negative projection patterning of aluminum on hydrogen
terminated Si surface". The reason why negative patterning
was succeeded on this surface is based on following nature; 1)
Aluminum can grow thermally on this surface at the
temperature ( 2 7 5 1 , in the previous experiment). 2) Al
continues to grow on the grown Al surface. 3) Growthsuppression layer (A1C) is formed on the SR irradiated area
by the photochemical decomposition. (Inner shell electron
excitation is effective to create this suppression layer.) On
the other hand, positive projection patterning was succeeded
on a SiO2 surface at 200 t 2 ) .
This fact is based on
following nature: 4) Al cannot grow on SiO2 surface at this
temperature 5) Growth initiation layer (Al) is formed on
this surface by SR irradiation. (Valence electron excitation is
very efficient to form this layer.) 6) At the temperature, Al
growth continues on the grown Al surface.
When the thermal CVD characteristics on H-terminated Si
surface are compared with that on clean Si surface, the
threshold temperature ( 2 0 0 t ) for the growth is significantly
higher than that on clean Si surface ( 1 5 0 t ) 3 ) . This means
that the conditions, 4) and 6), needed to realize positive
patterning are satisfied on H-terminated Si, if the substrate
temperature is set in the range from 1 5 0 t : to 2 0 0 1 .
Therefore, if initiation layer can be formed on this surface
(condition 5), we can expect to realize positive projection
patterning on H-terminated Si surface. From the photon
energy dependence experiment on SiO2 surface, we already
know that valence excitation is effective to form Al initiation
layer
To confirm this expectation, we carried out the
experiment of positive projection patterning on H-Si surface
by using valence electron excitation.

area Film thickness profile is shown in Figure 2. About 30
nm film is grown only on the SR irradiated area.
As shown in Figs. 1 and 2, positive projection patterning
was succeeded on H-terminated Si surface as might have
been expected. Consequently, positive and negative projection
patterning can be switched by controlling the experimental
conditions, i.e., substrate chemical reactivity, substrate
temperature, and excitation wavelength. This means the
photomodification CVD technique is very controllable, and
promising for future device fabrication technique.
REFERENCE
1 )F Uesugi and I Nishiyama, Photon Factory Activity Report,
#11 (1993) 190, #12 (1994), and previous two articles of this
issue.
2)F. Uesugi and I. Nishiyama, ibid. #10 (1992) 203, #11
(1993) 192.
3)F. Uesugi and I Nishiyama, ibid. #8 (1990) 163.

Figure I Photograph of patterned Aluminum film grown on
hydrogen terminated Si surface under <46 eV SR photon
irradiation at 1 7 5 t .

EXPERIMENTAL
Experimental procedure for SR irradiation was described
in the previous article of this issue. Stainless steel, line-andspace mask was used for projection pattering. The incidence
angle of SR irradiation on H-Si surface is 65 degree, and that
of dimethyl aluminum hydride (DMAH) molecular beam is
25 degree.
RESULTS AND DISCUSSION
400
600
Position/ n m

Figure 1 shows the photograph of surface after 90 min
growth.
High-energy-cut SR photons (>46 eV) were
applied in the initial stage of growth time (30 min) to form
initiation layer. The substrate temperature was maintained to
be 175t:. White colored part in Fig. 1 is the SR irradiated

800

1000

Figure. 2 Thickness profile of grown Aluminum film
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Introduction
MEM charge density of KDP
It is well known that KDP(KH2PO4) is the
A part of the results is shown in Fig. 2, in
prototype of the hydrogen-bonded ferroelectrics in
which not only very strong P04 covalent bond but
which the hydrogen atoms are considered to play
also fairly strong hydrogen bond between 0 - 0
an important role in the phase transition and that
atoms are recognized. It is clearly shown in the
the phase transition temperature is increased about
figure that the nature of hydrogen bonds is
100 K when the hydrogen atoms in KDP are
essentially weak covalent bond between fairly long
substituted by deuterium atoms. In order to
distant two oxygen atoms rather than ionic. It is
understand such a large isotope effect, there have
also found that the charge density at the bond mid
been many studies on the hydrogen bond both
point of 0 — 0 in KDP is higher than that in ice(l h ),
theoretically and experimentally. In this study, the
which seems to be the reflection of the strength of
nature of hydrogen bond of KDP at RT is described
hydrogen bond in these materials. Indeed, 0 — 0
through charge density distribution. Considering
bond length in KDP is shorter than that in ice(l h ).
much less scattering power of hydrogen for X-ray
than the rest of atoms, it is not an easy task to
detect the precise charge density of hydrogen bond.
In this study, a sophisticated analytical method
called Maximum Entropy Method (MEM)1) is
employed to allow any deformation of electron
clouds. So far, only one example is known which is
ice(l h ) 2) where only oxygen atoms are involved
other than hydrogen atoms.
Experiment
The data set used in the analyses are collected
by powder X-ray diffraction experiments at BL-9C
with long Soller collimator. 3 ' The wave length of
incident X-ray photons is 1.3 A and all the data up
to 125 degree in 2 0 are measured. This
corresponds to 0.74 A resolution in real space.
The whole powder pattern collected in this work is
shown in Fig. 1.

_

Fig. 2 MEM map of KDP projected from z=1/4 to
3/4.
References
1) M. Sakata & M. Sato, Acta Cryst. A4JL 263
(1990).
2) M. Sakata et al., Physics and Chemistry of Ice,
62 (1 992), Hokkaido Univ. press.
3) S. Hirano & M. Takata, Housyakou, £ ,
339(1993)
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Fig. 1 Whole powder pattern of KDP.
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INTERFACE STRUCTURE OF Ag/Si( 111) V3 x V3 - Ag STUDIED BY GRAZING INCIDENCE
X-RAY DIFFRACTION
Melania LIJADI, Koichi AKIMOTO, and Ayahiko ICHIMIYA
Department of Quantum Engineering, Nagoya Universily, Furo-cho, Chikusa-ku, Nagoya 464-0 U Japan.

In Fig.2, started with the HCT model, we proposed 3
kinds of models for the fi structure at the interface by

Introduction
Of the numerous V5 structures, only boron induced &

changing the amount of Ag atoms per unit cell. Later, we
performed calculations of structure factors for a particular
(hk) reflection of the fractional order reflections for each
model. Our calculation showed that the "Si Trimer model"
is the closest one to the experiment results.

structure has been observed in the buried interface [1]. In
this research, we have studied the buried interface structures
of Ag/Si(l 11)^3 x-/3 -Ag with the method of grazing
incidence X-ray diffraction using synchrotron radiation.
Experimental
We prepared 2 types of samples: the first one is Si(lll)
•\/TxV3-Ag surface, and the second one is Si(lll)V3 x>/3Ag surface covered with 8nm Ag. A Si(lll)V3x,/3-Ag
surface was obtained by depositing 1 ML (7.8 x lO'Vcm2)
Ag on a Si(lll)-7X7 reconstructed surface heated up to
400 - 500°C in an UHV chamber operating in the 10"'° Tonrange. After the samples were prepared, they were taken out
of the chamber and transported to BL-9C, for X-ray
diffraction measurements. During measurements the sample
was covered with an evacuated dome of 10"2 Torr range. The
incidence angle of the X-ray beam was about 0.2° .

References
[1] K.Akimoto, et al., Appl. Phys. Lett., 56 (1990) 1225.

Results and Discussion
For the sample of Ag(8nm)/Si( 111)-J3x-J5-Ag, we
observed two kinds of fi fractional order reflection peaks
which are (4/3, 1/3) and (4/3, 4/3) besides of the Si bulk
peaks. While for the sample of Si(l 11)VJx>/5-Ag with

- 1 0
1 2
3
4
Angle (deg.)
Fig.l Rocking Curve of (4/3, 1/3) rod. ® is the intensity
of Ag(8nm)/ Si(l ll)V3x,/3 -Ag, O
is that of
Si( 111) VI x V3 - Ag with native oxide layers.

native oxide layers, only peaks from the integer reflections
of Si bulk were observed. This fact means that the ft
structure remains at the interface.
Concerning (4/3, 4/3) peak, while the (4/3, 4/3) rod
distance from the origin (00) is further than (4/3, 1/3) rod
distance, the FWHM of (4/3, 4/3) peak was larger than of
(4/3, 1/3). Since the location of (4/3, 4/3) rod is very close
to the (1, 1) rod of Ag(l 11) planes, the two rods would give
rise to peaks at very close Bragg's angle (the differences
was only 0.1° ). Therefore the origin of (4/3, 4/3) peak was
from the grown Ag( 111 )planes. Consequently the observed
fractional order peaks from the interface is only (4/3, 1/3) as
shown in Fig.l.
The surface Si(l 11)^3 xV3 -Ag structure normally

HCT model

was explained by the honeycomb-chained-trimer (HCT)
model. The HCT model should give rise to the comparably
intense (2/3, 2/3) peak. We did not, however, observe the
(2/3, 2/3) peak for the sample of Ag/Si(lll)V3x,/3-Ag.
This suggests that the & structure at the interface is

HCT + lAg

HCT - 2 Ag
Si Trimsr Model
®A« ©Ag ©lit SI •2nd Si «3rd Si

Fig.2

different from that of the surface.
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AN X-RAY STUDY OF Al-Pd-Mn LT ICOSAHEDRAL PHASE
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Introduction
As the Al-Pd-Mn icosahedral phase is known to have
strong superlattice reflections characteristic to the Ftype icosahedral phase, it can be said that the Al-PdMn icosahedral phase is the most highly chemically
ordered icosahedral phase in the stable phase. A new
"quasicrystal-quasicrystal" phase transition has been
found in this Al-Pd-Mn alloy system1 \ Superlattice
ordering in quasicrystals is also an interesting problem in relation to stability of a quasicrystal. Electron
diffraction experiment has revealed that the structure
of LT phase can be understood by the 6-D P-type cubic
lattice. The purpose is to observe the intensity distribution map of superlattice reflections in order to solve
the quasicrystal-quasicrystal phase transition.
Experimental
The sampleof an Al-Pd-Mn icosahedral phase prepared by the method1) was confirmed that most of
parts of the specimen consists of an LT P-type icosahedral phase by electron microscope and x-ray diffraction
methods. The study was performed to collect the integrated intensity of Al-Pd-Mn LT phase with the fourcircle diffractometer installed on BL-10A. The measurement was done at room temperature by using with
0.090 nm x-ray. In this study of Al-Pd-Mn LT phase,
we call the fundamental reflection observed even in the
HT phase and the superlattice reflection observed only
in the LT phase. We chose the reflections to study with
the following conditions: About the fundamentals, the
physical momentum (=Qpar) is within 0.01904 - 0.628
nm""1 and the phason momentum (=Qperp) ' s within
0.0 - 0.0628 nm" 1 . About the superlattices, Q par is
within 0.01904 - 0.628 nirT1 and Qperp is within 0.0 0.002826 nm" 1 . We have done the symmetry check of
icosahedral quasicrystal with some reflections.
Results and Conclusion
We have collected the integrated intensity of 542 fundamental and 1289 superlattice reflections having both
Q par and Qperp within each restricted length. Figures
1 and 2 show that the structure factors of superlattices
as the function of Q par and Qperp- The structure factor of fundamental is well-known to be dependent on
Qperp- The structure factor of superlattice seems not
to be simple in relation with QperpThe x-ray diffraction study has revealed that the
structure of the LT phase can be understood by the
P-type lattice with aP = 2.088 nm. This P-type lattice is related to the HT F-type icosahedral phase by

ap = T&F, where r means the golden mean. Therefore,
the phase transition to LT phase can be understood
by breaking of F-symmetry caused by the superlattice
ordering. The intensity of the strongest superlattice
reflection is as about 0.2% as that of the strongest
fundamental reflection within this experimental conditions. We could not find the good coincidence of superlattice intensity distribution of the x-ray and electron
diffraction studies. The relation between the intensity
of the superlattice reflection and the position is not
clear. It is considered that the window function for
the LT phase is not simple.
ioH

O

Figure 1. The structure factors of superlattice reflections as the function of Qpar- The letter a, b and c
indicate typical strong superlattice reflections in the
twofold plane.
io H
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Figure 2. The structure factors of superlattice reflections as the function of QperpReferences
1) T. Ishimasa and M. Mori, Phil. Mag. B66 (1992)
513.
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On the Accuracy of X-ray Diffraction Intensities ofa Small Single Crystal of Hydrous
Magnesium Silicate Measured with a Four-Circle Diffractometer
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STRUCTURE DETERMINATION OF PbZrO3
Keisuke YAMASAKI, Yumiko ITOH and Yuji SOEJIMA
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Introduction
On the basis of the method for superlattice structure analysis using X-ray anomalous dispersion effect1',
PbZrO3 single crystal was examined at Pb Lni and
Zr K absorption edges2' . The results show that the
Pb atoms displace only on the ab plane in the orthorhombic cell, and the pattern of the displacement
is in anti-phase along the c direction. Zr atoms have
an anti-phase type of displacements both on the ab
plane and along c. The results contradict the superlattice structure of PbZrO3 reported in the references3'4'.
In the present research, structure determination has
been made taking the weak intensity of the superlattice diffractions into account.

Experimental

Table : Atomic coordinates of PbZrO3 determined
in the present investigation.
a - 5.862 A 6 = 11.734 A c = 8.221 A
a = (3= 7 = 90°
X

Pbl
Pb2
Zr

01
02
03
04
05

0.2085(3)
0.2117(4)
0.2423(3)
0.291(2)
0.2761(2)
0.0284(12)
0.000
0.000

y

0.3700(3)
0.3754(4)
0.1242(3)
0.1009(12)
0.1585(16)
0.2606(5)
0.500
0.000

z

0.000
0.500
0.253(6)
0.000
0.500
0.2207(11)
0.302(2)
0.282(2)

Data collected by using 0.35 A radiation up to
sin 6/X = 1.0 A were examined. To avoid a serious problem of domains, and obtain information on
the atomic displacement as precisely as possible, only
superlattice reflections were used for refining our model.

Results and Conclusion
The structure has been determined with R-factor 5 %.
A schematic view of the structure is shown in figure,
and the coordinates are listed in table. The results
show anti-phase displacements of Zr atom along c; this
is consistent with the results of the structure examination mentioned above. The present investigation requires that the anti-phase type of displacement of Zr
along c must be considered.
References
1) Soejima Y. and Fischer K.F. : Z.Kristallogr., 184
(1988) 71
2) Soejima Y., Nagino K., lida M., Okazaki A. and
Fischer K.F. : Photon Factory Activity Report
# 1 0 (1992) 209
3) Jona F., Shirane G., Mazzi F. and Pepinsky R. :
Phys.Rev.,105 (1957) 849
4) Glazer A.M., Roleder K. and Dec J. : Acta Cryst.,
B49 (1993) 846
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Figure : A schematic view of the superlattice
structure of
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2)Faculty of Science, Osaka University, Toyonaka 560
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Introduction

Results and Discussion

The relation between physical properties in
the oxides system with 3d transition metal cation
are reconsidered with special care in the last decade. The octahcdrally coordinated Fc 4t in the high
spin state having one e electron is expected to
exhibit the cooperative Jahn-Tellcr effect i.e. a
strong electron-phonon coupling. CaFcO 3 and
SrFeO3 are known as oxides containing octahedralIy coordinated Fe4*, and which have the simplest
chemical composition. The Mossbaucr spectrum of
CaFeO 3 suggests that Fe 4+ in CaFeO 3 shows a
charge disproportionation reaction into Fe3+ and
Fe5+ below 290 K in contrast to that in SrFeO 3
keeping its valence state in decreasing temperature
down to 4.2 K.
The structure analysis of CaFeO 3 in the
charge disproportionation state at low temperature
is of great interest. We have prepared a single
crystal under high oxygen partial pressure and
examined the crystal structure and the difference
electron density of CaFcO 3 at room temperaturc(293 K) and 113 K, which is enough low
temperature to occur the charge disproportionation
reaction of Fe4+.

CaFeO3 was revealed to have GdFcO3 type
structure with orthorhombic Pbnm at 293 K [ Z = 4,
a = 5.3480(3), b* = a, c = 7.5730(5) A ]. At 113 K,
Fe3+ and Fe5+ arc suggested to arrange NaCl type
sub-lattice of Fe. Thereby the space group at 113 K
is resulted to be monoclinic P2,/n which is one of
sub-groups of Pbnm [Z = 4, a = 5.3409(3), b" = a, c
= 7.5585(13) A, p* = 90 ]. ('coincidence within
experimental error)
The smaller angle (ca. 160 dcg.) of Fc-OFe in CaFcO ? than that in SrFcO 3 are observed.
This should suppress a itinerant nature of c (Fc)
electrons and causes disproportionation at low
temperature. The FcO 6 octahedra has negligibly
small Jahn-Teller distortion; this is explained by
dclocalization of e (Fe) electrons at 293 K and
charge disproportionation at 113 K.
Residual charge density of CaFcO, was
revealed by difference Fourier maps at both temperatures. (Fig.l) A residual peak with 1.2 c/A3 as a
maxima is confirmed clearly at the center of Fc-O
bond. This suggests that strong covalency due to
overlapping of e (Fc) orbitals and 2p(O) ones.

Experimental
The cube-shaped crystalline samples with
edge size of 0.06 mm were synthesized utilizing a
reaction under high oxygen partial pressure applying 3 GPa and 1273 K by means of a piston cylindrical device. Data collections of diffraction intensity were carried out using the vertical-type fourcircle diffractometcr at the BL-10A station. The
incident beam of ca. 0.7 A was monochromatcd by
monolithic S i ( l l l ) crystal. A cold nitrogen-gas
blower were employed in the low temperature
experiments. A set of diffraction intensities up to
sinfl/X. = 1.0 A"1 were measured in the half sphere
of reciprocal space. The electron density maps were
obtained using the difference Fourier method.

Fig.l. '["lie (001) diffcrcncc-Fouricr map of Cal;cO3 at 1 13 K.
Contour lines arc drawn at intervals of 0.2 cA"3; positive
contour arc solid; negative contours are dashed.
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the second-order transformation.

Introduction
Although the martensitic transformation is the
typical first-order transformation, the transformation
mechanism has not been understood completely yet. The
precursor phenomenon of the martensitic transformation
is the interesting issue to study the mechanism. AuCd
is one of the typical martensitic alloys. The phonon
softening in Auso.sCd49.5 was reported by Ohba n et al.
which occurs above the transformation temperature.
Diffuse scattering was measured by Noda et al. with2' Xray which appears around 1/3<110>".
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In the present study, the diffuse scattering and
integrated intensities were measured precisely using a
small crystal with strong synchrotron radiation.
Experimental
Small fragments of Auso.sCdw.s were picked up
and mounted on a glass fiber. The transformation
temperature was measured in a bulk sample. The high
temperature equipment was used and the temperature
was calibrated with the transformation temperature.
The experiments were performed at BL-10A and
laboratory X-ray source. The setting parameter of the
sample is determined every time when the temperature is
changed.
Diffuse scattering measurements along
<] 10>* was performed. Integrated intensities at various
temperature were measured also.

c
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Fig. 1.

Diffuse scattering along [hhO]*.
i

IO1
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Discussion
Diffuse scattering is shown in Fig. 1 and it
appears close to exact 1/3 of <110>". FWHM of 1/3
reflections does not change with lowering temperature.
The behavior of the structure factors against
temperature is shown in Fig. 2. It is obvious that the
structure factors decrease with approaching the
transformation temperature. FWHM of each peak does
not change with approaching the transformation
temperature. These phenomena are different from that
found in the material, for example TGS3), which shows

DF/F

-2 10'

•3 101
•4

10'

-5 10'

•6 10
300.0 310.0 320.0 330.0 340.0 350.0 360.0

Temperature (K)
Fig. 2.
Relative structure factor changes against
temperature. DF/F is defined as F(T)-F(361 )/F(361).
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We have examined the temperature dependency
of Tl-Ba-Ca-Cu-O superconductors by the
single-crystal x-ray diffraction method. The
characteristic on the crystal structures that Tl0(2) shortens while Cu-O(2) and Tl-O(3)
expand at T < Tc accords with the change of the
electron density distribution.1)

assumed to be unity. The anharmonic GramCharlier treatment for thermal vibrations was
taken into account for the heavy atoms of Tl and
Ba.
Results and discussion

Introduction
High-r c superconductivity is associated with Cu
atoms in nonstoichiometric distorted perovskite
structures, which have in common Cu-O layers
with apical oxygens forming two-dimensional
arrays of Cu-0 pyramids or octahedra. The
superconductivity ranges between an insulating,
semiconducting phase for small additions of
carriers, to metallic for large doping. Hole
carriers are created in the conduction layer for
non-stoichiometric oxygen contents to transfer
electrons between the conduction and charge
reservoir layers. The region should be deeply
related to carriers which exist near the Fermi
surface and have the sufficient mobility. This
study is connected with the detection of structural
changes near TQ for thallium cuprates such as Tl2201andT12212.
Experimental
Single crystal experiments have been made at the
BL-10A station. Most reflections are weak and
absorption due to thallium is severe, making high
intensity synchrotron radiation ideally suited to
this study.
X rays of X = 0.6 A were
monochromatized by Si(lH) and used with a
vertical-type four-circle diffractometer and a cold
nitrogen-gas apparatus.
The temperatures
ranging from room temperaturte to 104 K were
examined in this study.
Crystals were grown from an oxide melt.
The 50-80 urn crystals were used to mount on
glass fibers. Intensity data up to sin6/X = 1.37
were collected in the w-26 scan mode.
Integrating intensities were averaged among the
equivalent reflections and corrected for the
absorption effect. The polarization factor was

The temperature dependency of out-of-plane
distances provides a key to the origin of
superconductivity. Fractional z coordinates of
the O(2) atom significantly change above and
below the Tc. The interatomic distances for the
Tl-2212 phase are: Cu-O(2) = 2.697±2 A [120
K] and 2.715±3 A [104 K]; Tl-O(2)= 2.006±2 A
[120 K] and 1.985±3 A [104 K]. Through Tc
the Tl-O(2) bond shortens markedly, while the
Cu-O(2) and Tl-O(3) distances expand
correspondingly.
The shift of the Tl atom
toward Cu extends the Tl-O(3) bond by 0.009A
and contracts the Tl-O(2) bond by 0.021 A as the
temperature is reduced from 120 K to 104 K.
Similarly, the Cu-O(2) bond expands by 0.018
A. Tl dz2 orbitals can stabilize a Tl octahedron
with very short Tl-O(3) and Tl-O(2) (out-ofplane) lengths, but a larger Tl-O(3') (in-plane)
distance.
On the other hand, the in-plane
distances smoothly change against temperature.
The superconductive layered copper oxides
are characterized by a highly two dimensional
character exhibiting remarkable anisotropy in
physical properties parallel and perpendicular to
the c-axis. Such anisotropy has been observed
in interatomic distances having a very strong
correlation to electron density. A different role
between out-of and in planes in the Tl-O(2)-Cu
region provides a pathway of charge carriers
from Tl through apical 0(2) to the conducting
region.
The region between a pair of Cu pyramids is
also important for understanding the mechanism
of superconductivity, where the Cu-Cu' bond
contracts below Tc while the O(l)-O(l') bond
extends.
This suggests that in the
superconducting transition the pairing of carriers
enhances the electronic state.
1) S. Sasaki et al., Physica C 247, 289 (1995).
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Table 1. The Energies (eV) 22120.0 + a of
Edge, First and Second Peaks in Ru K-Edge
XANES for [Ru6N]-Cs+/MgO

Introduction
The framework expansion/contraction of
metal clusters promoted catalysis for
[RU(,N]/Cs+-MgO1)-2> and [Ru6C]/MgO.3)'4>
Besides the EXAFS analysis in terms of bonding
distance, XANES observation was performed for
[Ru 6 N]/Cs + -Mg0 in relation to the framework
expansion/contraction.

a/eV
Conditions

Edge

Vacuum
in H 2

-1.3
-0.7

1st Peak 2nd Peak
17.1
17.1

37.7
36.1

Experimental
References

The samples were prepared from
[P(PPh3)] + [Ru 6 N(CO) 16 ]~ crystal.1^ The Ru
A"-edge XANES was measured at beamline 10B
at 30 - 293 K in transmission mode.

1) Y Izumi and K. Aika, J. Phys. Chem., 10336
- 10245,99(1995).
2) Y Izumi and K. Aika, J. Phys. Chem., 10346
- 10353,99(1995).
3) Y Izumi and Y Iwasawa, Gendai-Kagaku, 16
-23, October (1995).
4) Y Izumi and Y Iwasawa, CHEMTECH, 20 27, July (1994).
5) A. Bianconi in "X-Ray Absorption,
Principles, Applications, Techniques of
EXAFS, SEXAFS, and XANES" (D. C.
Koningsberger and R. Prins, Eds.), John
Wiley & Sons, New York, 1988, pp. 573 662.

Results and Discussion
The edge position and the peak top
energies of first and second peaks were listed in
Table 1. On the basis of EXAFS, the r Ru was enlarged from 2.63 to 2.71 A in H 2 . '
Hence, both first and second peaks obeyed the
formula (Er - E^ r2 = constant,5* supporting the
reversible cluster expansion/contraction.' *'2*

Ru K-edge XANES

22100

22120
22140
Photon Energy/eV

22160

22180

Figure I. The normalized XANES spectra of [Ru6N]-Cs+/MgO in vacuum (a) and in H 2 (b).
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Introduction
the neighboring O atoms, indicating that some part of
Ion-exchanged silver/zeolite catalysts have attracted
silver ions are reduced and aggregated to form Ag
a great deal of attention as potential catalysts for
ion clusters or Ag metal particles. UV irradiation of
many reactions such as photo-dimerization of
the Ag + ion catalysts in the presence of 10 Torr of
alkanes and the selective reduction of NO by
NO at 298 K was found to lead to the formation of
ethylene at around 823 K or by ethanol at around
N 2 , N 2 O and NO2. The reaction proceeds only
723 K.
The present work deals with the
under UV irradiation and the yield of the products
+
characterization of Ag /zeolite catalysts and also
increases with a good linearity against the irradiation
shows that the catalysts exhibit remarkably high
time, suggesting that the reaction proceeds
photocatalytic activity in the decomposition of NO
photocatalytically. The activity of Ag + /ZSM-5
compared with photocatalysts containing Cu + ions.
catalyst is much larger than that of A g + / Y ,
Experimental
Ag+/SiO2, and Cu+/ZSM-5 catalysts1). From these
The Ag+/ZSM-5, Ag+/Y, and Ag+/SiO2 catalysts
were prepared by ion exchange with an aqueous
Ag(NH3)2+ solution. Silver loading was determined
as about 7 wt % metal for all samples. Prior to
spectroscopic and photocatalytic measurements
samples were calcined at 673 K then degassed at 473
K. Photocatalytic reactions were carried out at 298
K using high pressure mercury lamp. XAFS spectra
were obtained at the BL-10B facility of the Photon
Factory at the National Laboratory for High-Energy
Physics, Tsukuba. Si(311) channel-cut crystal was
used to monochromatize the X-rays from the 2.5
GeV electron storage ring. The Ag K-edge
absorption spectra were recorded in the transmission
mode at 298 K.

results we can conclude that the photo-excited state
of isolated Ag+ ions plays a significant role in the
photocatalytic decomposition of NO and that the
reaction proceeds faster on the Ag+ ions than on the
Ag-0
Cu + ions.
(a)

Ag-0

A Ag-Ag

(b)

CO

E

CD
CO

Ag-Ag

Results and Discussion
Figure 1 shows the XAFS spectra of the
Ag+/ZSM-5 (a), Ag+/Y (b), and Ag+/SiO 2 (c),
respectively. As shown in Fig. 1, the FT-EXAFS of
Ag+/ZSM-5 exhibits a peak due to the neighboring O
atoms suggesting that Ag + ions exist in an isolated
state in a pore structure of ZSM-5 zeolite. On the
other hand, the FT-EXAFS of the Ag + /Y or
Ag+/SiO2 catalysts exhibit a peak due to the
neighboring Ag atoms in addition to the peak due to

0

1 2

3

4

5

6

Distance / A
Figure 1 The FT-EXAFS spectra of the Ag+/ZSM-5
(a), Ag"7Y (b), and Ag+/SiO2 (c) catalysts.
References
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Cys-X-Y-Cys is the highly conserved Zn2+
binding unit In biological systems. Though the
intrinsic coordination geometry of this unit in
enzymes has been the object of molecular
orbital and molecular dynamics calculations,
yet it Is disputable between tetrahedral and
penta coordination in terms of the metastable
states. In order to illuminate the Intrinsic
behavior of this unit on the basis of
experiment, we prepared a modeling zinc
peptide |(L) Zn], 1. where L=Boc-Cys-Pro-LeuCys-OMe. Focusing our attention on the
coordination of the surrounding media to Zn2*,
we observed Zn K edge EXAFS and XANES
spectra of compound 1 in different solvents
such as DMF, acetone, THF, and dioxane. The
experiments were performed using the beam
line BL- 10B. In order to discuss the dynamical
behavior of the first shell, temperature
dependent EXAFS spectra were collected in
DMF. The sample solution was treated In a
triply sealed cell because of the sensitivity of
the compound to oxygen.
The EXAFS signals of compound 1 were
analyzed by the single scattering model,1 on
the assumption that the zinc has unknown
number of oxygen atoms, as well as two sulfur
atoms, as the back scatterers. The Jc^COs were
optimized as ZnS2O(N)2.3.2.5 for all the samples
different In temperature.
On the basis of this result, the raw EXAFS
functions were simulated
by FEFF6.01
developed by J.J.Rehr. 2 where the tetrahedral
ZnS2O2 optimized by Gaussian 92 (MIDI4*) and
the trigonal bipyramid
ZnS2O3 obtained from
the MD (AMBER3) calculation were used. In the
FEFF calculation, the % data of ZnS2 and ZnO2,
3 cores were computed independently and
combined with together, then analyzed by
EXAFSH.1 Although the target compound Is
not of solid, the vibrations were substituted by
those of phonon modes for convenience, and
parametrized by two Debye temperatures, 8DS,
corresponding to Zn-O and Zn-S. The core hole
reduction parameter was set at 0.85.
Figure 1 shows the best fit for the 100 K
sample represented by the Imaginary part. In
this case, we used 9D=379 K, AEr=2.0 eV, and
AEi=-0.8 eV for Zn-O. as well as 60=525 K, AEr
=5.0 eV, and AEi=-1.7 eV for ZnS2O2 core. All
the fittings by this geometry for the raw
Jc3x(Jc)s, real. Imaginary, and the absolute FTs
were satisfactory, and better than those by
ZnS2O3- indicating the superiority of ZnS2O2
structure for the explanation of the raw data.

In order to discuss the disorder of the first
shell, we plotted the temperature dependence of
the Debye-Waller like factors. Shown in Fig. 2
are those of Zn-S and Zn-O from the curve
fittings (CF: circles) and FEFF simulations
(squares) obtained by assuming ZnS2O2 core.
These data were4 analyzed by the linear trl atom
approximation. The FEFF data gave v=213
cm 1 (sym.) and 261 cm 1 (asym.), and a29tat=0
for Zn-S, whereas v=266 cm ' (sym.) and 297
cm 1 (asym.), and o29tat=0.00342 for Zn-O. The
results from the CF data were
almost the same
as FEFF cases except the a29tat=0 for Zn-O. The
vibrational frequencies will be compared with
those from IR and Raman spectroscopies.
T
— : FT(abs.)exp.
:FT(lm.)exp.
:FT(lm.)feff
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100
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200

Temperature /K
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1 T. Yokoyama. H. Hamamatsu, and T. Ohta,
"EXAFSH" Version 2.01, (The University of
Tokyo, 1994).
2 FEFF6.01: J.J.Rehr. S.I. Zabinsky, and R
C. Alberts, Phys. Rev. Lett. 69. 3397 (1992).
3 AMBER 3.0 Revision A; Weiner, S. J.;
Kollman, P. A.; Nguyen, D. T.; Case, D. A. J.
CompuL Chem. 1986, 7. 230.
4 K. Kobayashi. T. Yokoyama, and T. Ohta,
Annual Conference on Molecular Structures,
Jpn., 1994.
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Introduction
The Ru3-Ni/CeO2 catalyst exhibited high
activity for ammonia synthesis by the effect of
reduced Ni/CeO2 support.!)
On reduced
Ni/CeO7 the Ru3 cluster implantation can be done
at low temperature. Besides the effect of support
reduction, excessive amount of H adsorption was
observed on Ru3/CeO2 and Ru3-Ni/Ce02. In
this report the effect of excessive H(a) on
catalysis was examined by XAFS.

The sample preparation was described in
ref. 1. XAFS measurements were performed on
beamline 10B and 6B in transmission mode.
The functions for EXAFS curve fitting analysis
were extracted empirically from model
compounds.')

For both Ru3/CeO2 samples with/without
heating in H 2 , the N R u R u remained unchanged,
suggesting the unchanging size (<_ 10A) of Ru
cluster on CeO2. The r Ru R u was enlarged by
0.03 A by the introduction of H 2 in both cases.
On the other hand, the N Ru , 0(s) and the
r
Ru-O<s) exn ibited drastic changes: the NRu_Q
decreased from 1.5 to 0.6 and the r Ru O(s)
increased from 2.04 to 2.13A by the H 2
adsorption for Ru3/CeO2 without heating in H 2 .
It should be noted that the N R u o decreased and
the rRu Q(S) increased also by the heating in H 2 at
588 K. The relaxed Ru cluster did not show
further structure changes by the introduction of
H 2 atmosphere. Taking these facts into account,
new H adsorption site at the interface between
small Ru cluster and reduced CeO2 surface was
suggested.

Results and Discussion

References

Experimental Method

The EXAFS spectra were well fitted with
two waves Ru-Ru and Ru-O/S,. The Ru-O,S)
means the bonding between Ru atom and oxygen
atom at CeO2 surface. The curve fitting results
of Ru3/CeO2 in vacuum/H2 were summarized in
Table 1.

1) Y Izumi et al., /. Phys.Chem., in press.

TABLE 1: The Results of Curve Fitting Analysis of Ru AT-edge EXAFS Spectra for Ru3/Ce02-673ev
in Vacuum or in H 2 (53 kPa)
Ru-O

Ru-Ru
Ambient
TH2IK

Gas

None

Vacuum"

N
4.4

r

A(o32) 2

Ik

/io- A

2.62

2.8

(±0.7) (±0.02)
h

4.5

H2

2.65

Vacuum^
"2

a

observed at 290 K.

b

5.4
5.5

2.62
2.65

r
ik

A(a2)
/io-3A2

Rj
/%

1.5

2.04

5.6

4.7

(±0.4) (±0.03)

0.45

0.6

2.9
0.8

0.6
0.7

(±0.6) (±0.02)

588

JV

2.13

(±2.4)

-0.6

(±0.3) (±0.02)

observed at 100 K.
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2.14
2.14

3.8
(±1.9)

-5.6
-4.7

2.4
2.3
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taeniolite (its original K-form), KN/^LiSUOioFj. 1 ' There is no
peak or shoulder for the hydrated water oxygen at the position
(about 2.8 A) for the aqueous solution. Taeniolite (K-form) has
no interlayer water molecule and gives similar interatomic
distances as shown in Fig. 2. After drying at 500°C, the
maximum-exchanged NaT also shows the same characters to
Figs. 1 and 2. Therefore, Rb + is placed as the anhydrous form
in Rb-exchanged NaT at all exchange ratios and in NaH at low
ones.
X-Ray diffraction patterns around basal plane reflection, i.e.,
(001) diffraction of lM-type mica, of NaT and NaH after
Rb-exchange reaction for the low and the high exchange ratios
are shown in Fig. 3. NaT show two- (2 8 -5.8°), one- (7.4°), or
no-water layer (9.2°) phase of Na-form taeniolite and
anhydrous Rb-form phase (8.7°) owing to their exchange ratio.
NaH give only Rb-form hectorite phase with two- (16 - 5.7°),
one- (6.9°), or no-water (8.6°) layers. In both micas, the
two-water layers decrease with increasing the ratio, the
anhydrous layers increase instead. From the diffraction pattern
changes with the exchange ratios, the layers of the micas
containing water can exchange its Na + and they become an
anhydrous form.
The diffraction pattern changes of NaH accord with those of
NaT except the species of the interlayer cation. But, it is not
consistent with the XAFS results. This inconsistency may be
come from the difference of selectivity of the two methods. At
the low exchange ratio, most of the Rb-containing layers of NaH
are anhydrous but would be spread randomly in the sample.
Therefore, there is no diffraction peak at 26 - 8.6° at low
exchange ratios.

Introduction
Na-form synthetic fluorine micas have very high selectivity
for alkaline metal ions in ion-exchange reactions. Na-form
taeniolite (NaT, NaMg2LiSi40ioF2-nH20), exchanges its Na + ,
the interlayer cation, for K+, Rb + , NH4+, etc. in solutions.
Na-form hectorite (NaH, Nai/3Mg8/3Lii/3Si40]oF2MH20)
exchanges for Rb+, Cs+, and other cations. NaT shows specially
high selectivity for K+, Rb + , Cs + , and NVU+, and NaH shows the
same for Rb + and Cs+. NaT and NaH were exchanged for Rb +
and XAFS of the exchanged ion were measured. The structural
changes were studied with powder X-ray diffraction patterns to
reveal the relation of their ion-exchange selectivity and the local
structure around interlayer ions.
Experimental
Fluorine micas were used after removing impurities such as
SiC>2(tetra) or starting materials by washing with water and
separation with centrifugation. RbCl solutions were used for the
reactions under 25°C. Exchange ratios of Rb+ to Na+ in the
micas were varied from 0.5% to the maximum. X-Ray
absorption spectra of Rb K-edge were obtained at BL-10B.
X-Ray powder diffraction patterns were measured by Rigaku
RINT Ultima*. Samples were prepared to be wet with the
exchange reaction solution for both measurements to avoid their
structural changes by drying.
Results and Discussion
Figure 1 shows XANES spectra of Rb K-edge uptaken into
NaT and NaH and 0.1 mol/dm3 RbNO3 solution. It shows that
Rb takes another local structure than in the solution state. All of
the exchanged NaT of different exchange ratio showed same
XANES spectra. XANES for NaH of low exchange ratios were
the same as NaT, but those of the high ratios become somewhat
similar to that for the aqueous solution. EXAFS Fourier
transforms of exchanged micas are shown in Fig. 2. In Fig. 2,
many peaks can be assigned according to the crystal structure of

Reference
1) H. Toraya, S. Iwai, and F. Marumo, Z. Kristallogr., 146, 73
(1977).
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15180

15190

15200
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4

E/eV
Fig. 1 Rb K-edge XANES spectra of
Rb-exchanged NaT and NaH, and RbNO 3
aqueous solution.

Fig. 2 EXAFS Fourier transform of
Rb-exchanged NaT and NaH (low and high
exchange ratios). Phase shifts are corrected
as Rb — O. Li atoms lie at the same position
toMg.
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Fig. 3 X-Ray
diffraction
patterns of Rb-exchanged NaT
and NaH. Exchange ratios are
low
(solid lines) and the
maximum (broken lines).
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Introduction
Oxo* and hydroxo-bridged dinuclear iron centers are common in metallqproteins such as hemerythrine, ribonucleotide reductase and mammalian purple acid phosphatase. Structurally similar diruthenium cores can
serve as models to study
the redox reactions of
such metalloproteins. For
this purpose an in situ
electrochemical XAFS cell
has been developed. The
structure and electronic
(I) and

though the shift is indeed small, and care had to be taken
to assure the energy scale by frequent checks of the
calibration and random sample measurements, the trend is
the same for all samples.

Tablet Structural parameters for the
Sample State She!!
A£ o

(A) (eV)

I
I
II

(u-OAc)2 (meim^ (bpy^ (II) (py = pyridine, bpy = 2,2'bipyridine and meim = 1-methyKmidazol) with the formal
ruthenium oxidation states (11,111), (111,111) and (IH.IV),

II

and Ru2 (u-OH) (u-OAc^ foh Q>Pyh (™) and Ru2 (uOH) (n-OAc)2 (meim^ (bpy^ (IV) with the formal ruthenium oxidation states (11,11), (II.IIT) and (111,111) has been
determined by use of this in situ cell.

II

Experimental
XAFS spectra were recorded at beamline 1 OB at the Photon Factory. The ruthenium concentration was 20 mM in
acetonitrile, and the optical pathlength was SO mm. The
hydroxo-bridged species were formed by adding p-toluenesulphonic acid to a solution of the corresponding oxobridged species. The X-ray energy was calibrated by assigning the absorption edge of a 7 um Ru foil to
22.120keV. The data was modeled in the curved wave
approximation with phase and amplitude funtions as calculated by the program FEFF5.l'3
Result; and Discussion
The obtained structural parameters are summarized in Table 1. Upon oxidation of the ruthenium atoms the Ru-Ru
distance increases and the R u - O b o ^ distance decreases.
This is interpreted as an opening of the Ru-Gbri^-Ru
bond angle caused by electrostatic repulsion between the
highly charged ruthenium atoms. It was not possible to
resolve the R u - O ^ g ^ and R u - N y ^ distances; these had
to be refined as one shell of equidistant nitrogen atoms.
The Ru-N l i g a n d distance seems to be constant, within the
error limits of the method. The Ru K-edge is shifted to
higher energy upon oxidation of the Ru atoms. Even
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m
m
m
IV
IV

6N
n,m lRu
m.iv 1 0
5N
1 Ru
H.III 6 N
lRu
1O
m,m 5N
lRu
10
m,rv 5N
lRu
6N
n,n lRu
N
n,ra 16Ru
6N
m,m lRu
IUII 6 N
1 Ru
nun 6 N
lRu

2.09
3.26
1.82
2.08
3.36
2.05
3.24
1.98
2.08
3.28
1.83
2.07
3.36
2.07
3.37
2.07
3.31
2.05
3.54
2.05
3.27
2.04
2.48

9.71
-14.6
4.54
4.54
2.15
13.4
1.5
14.0
14.0
-2.10
15.1
15.1
3.9
5.00
29.7
7.40
28.8
8.04
9.07
15.3
8.5
15.0
7.6

Ru complexes.
R
axlO2 \
(A) (A)
4.86 3.19 0.32
6.98 4.46
3.43 3.87 0.30
3.43 3.87
4.56 6.88
5.95 4.18 0.32
9.16 5.31
4.01 4.18 0.33
4.24 4 18
5.73 531
5.61 4.18 0.33
2.11 4.18
1.60 5.31
5.40 3.73 0.31
12.9 9.55
4.63 3.46 0.30
9.23 14.3
4.78 3 11 0.35
8.62 9.78
4.90 4.18 0.33
8.06 5.31
3.37 4.18 0.35
2.93 5.31
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The curve fitting analysis showed the peak is
attributed to Pt-Pt at 0.272 nm. Thus the Pt
small cluster was formed which was directly
bound to the surface. Similar cluster structure
was observed when Pt /MgO was treated with
propane at 423 K. When the Pt cluster on MgO
was treated under OXE conditions at 673 K, the
Pt-Pt peak disappeared and the Pt-Mg peak was
regenerated.
The Pt-0 peak also increased
indicating that Pt was redispersed to the MgO
lattice by the OXE conditions at 673 K. It is
quite unique because metallic Pt state is stable
and Pt oxide is easily decomposed to metal
particle only by heat treatment under ambient
atmosphere. Such reversible structure change
may be related to defect structure left after the
reduction of Pt that might accept the oxidized
species.

Introduction
Pt/MgO showed activity for hydrocarbon
oxidation reaction.
Our previous EXAFS
analysis revealed that the Pt was located in MgO
lattice as an isolated form.
The isolated
structure was found to be stable after
hydrocarbon oxidation reactions. In this paper
we will report the structure change of Pt during
the more severe reaction conditions.
Experimental.
Pt /MgO was prepared by the impregnation of
MgO
with Pt(acac)2
acetone
solution
subsequently evacuated and calcined at 773 K.
The loading of Pt was 1 wt %.
The propane
oxidation reaction was carried out with
He/Oj/CjHjpPS/lA* ml (hydrocarbon excess
condition: HCE) and 95/4.9/0.1 (oxygen excess
condition: OXE). The reaction started at 473 K
under HCE condition and 673 K under OXE
condition.
EXAFS was measured at BL10B
with 2.5 GeV 300 mA using Si(311) channel cut
monochromator.

30
?5
o

r transi

Results and discussion
Fig.la shows Fourier transform of Pt L3 edge
EXAFS after calcination at 773 K. Main peak
was corresponding to O and the second nearest
peak was to Mg at 0.202 and 0.300 nm,
respectively. When they were treated at 673 K
under OXE condition or at 473 K under HCE
condition, the EXAFS oscillations were
unchanged from the calcined sample, indicating
that the Pt local structure was maintained after
the reaction. When the sample was treated at
673 K under HCE condition, Fourier
transformation changed as shown in Fig. lb.
The first peak corresponding to Pt-0 decreased
while they were treated at 473 K under HCE
condition. The new peak appeared at 0.25 nm.
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Fig. 1 Fourier transform of Pt/MgO
a) after calcination at 773 K.b) after reaction at
473 K under HCE condition.c)after reaction at
473 K with OXE.
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Okayama University, Tsushima-naka, Okayama 700, Japan.
Furthermore, XANES spectra show that the
introduction of CO gas results in a drastic
reduction of the intensity of the band at 8.983
keV, compared with that for the sample
evacuated at 873 K. This fact indicates that the
coordination structure changes from the planer
structure to the distorted tetrahedral one.
Re-evacuation of the sample, which was
treated with CO gas previously, at 573 K causes
a disappearance of the EXAFS bands due to the
CO molecule adsorbed as well as a re-appearance
of the XANES band at 8.983 keV. These results
are interpreted that the original coordination
environment was recovered through the reevacuation at 573 K in vacuo. This
consideration was also supported from the
alternative IR data.
From these XAFS data, it has become
apparent that the Cu+ species generated by
evacuation at 873 K acts as an effective site for
the CO or N2 molecules and its coordination
structure changes from the planer to the
tetrahedral arrangements through the CO
adsorption, and this structure reverts to the
original structure after re-evacuation at 573 K.

Introduction
In recent years, it has been reported that
copper-ion-exchanged
high-silica
zeolites
having excess amounts of copper ion expected
from a stoichiometric consideration exhibit the
high activity for the NO, decomposition
reaction 0 and the strong N2 adsorption at room
temperature.2' It has already indicated that
these specific properties were ascribed to the
CiT species formed in zeolite pore during the
process of evacuation in vacuo at higher
temperatures. Only few attempts have so far
been made from the viewpoint of the electronic
and structural environment of these species. On
the basis of the consideration that CO molecule
interacts with Cu+ species selectively, we use it
as a useful probe molecule to investigate the
nature of Cu+ species.
In the present
investigation, XAFS (EXAFS and XANES)
technique is used to evaluate the structural and
electronic properties of Cu+ species formed in
the copper-ion-exchanged ZSM-5 zeolite.

Results and Discussion
Figure 1 shows the EXAFS (A) and XANES
(B) spectra for copper-ion-exchanged (181%)
ZSM-5 zeolite (abbreviated as CuZSM-5-181)
which was pretreated in the following manner:
(a) evacuated at 873 K in vacuo, (b) equilibrated
with CO at 300 K after procedure (a), and (c)
succeedingly re-evacuated at 573 K. The first
band observed at 1.59 A (no phase-shift
correction) is attributed to the backscattering
from the nearest neighbor oxygen atoms, and
the resulting coordination number was estimated
to be ca. 3 through the least-square method by
using Cu2O as the reference substance. With
reference to the XANES spectra, the strong
band observed around 8.983 keV is attributed to
ls-4px,y transition for the monovalent copper
ion. The appearance of such sharp band
suggests that this Cu+ species has either linear or
planer geometry. It should be concluded, from
what has been said above, that the copper ion in
the 873 K-evacuated sample takes monovalent
state and planer three-coordination structure
with the lattice oxygen atoms.
The introduction of CO gas at room
temperature brings about the new bands centered
at 1.12 and 2.46 A (no phase-shift correction)
Taking into account the bond length for CO
molecule, these two bands can be attributed to
the backscattering from the carbon and oxygen
atoms of adsorbed CO molecule, respectively.

12

3 4 5 6 8.95 8.97 8.99 9.01

Distance/ A
Photon energy / keV
Fig. 1. XAFS spectra for CuZSM-5-181.
References
1) M. Shelef, Chem. Rev., 95, 209 (1995).
2) Y. Kuroda et al.,7. Phys. Chem., 99, 10621 (1995).
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less than 2.0. It is noted that N for long Te-Te bonds
seems to become zero around 30 at.% As.

Introduction
It is known that liquid Te has chain structure with
twofold-coordinated covalent bond and the network
structure is formed when As is added to liquid Te.
In order to study this structural change, the EXAFS
measurements for liquid As-Te mixtures at As A'-edge
and Te A'-edge have been carried out up to 50 at.%
As.
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Fig.l As A'-edge Fitting Results,
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All the A'-edge absorption spectra were recorded
in transmission mode at BL10B. Si(311) cannel-cut.
mnnochromators were used. The storage ring was operatrd at. 3.0 GeV and the ring current was 160~200
mA.
Liquid samples discussed in this report are As-Te
mixtures of As 20 at.% (450°C), As 33 at.% (400°C),
As 40 at.% (400°C) and As 50 at.% (540°C), and liquid
Te (460° C).
The method of data analysis has been described
in ref.l in detail. We carried out 2-shell curve fitting
for As A'-edge data and 3-shell curve fitting for Te Kedge data. For Te A'-edge, AEo and scale factor are
obtained from fitting result of liquid Te in which short
and long Te-Te bonds are taken into consideration.2^
The phase shift, the back scattering amplitude and the
election mean free path are calculated by FEFF.3*
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Fig.2 Te A'-edge Fitting Results,
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Result and Discussion

References

The results of As A'-edge analysis indicate that
the length of As-As bond is 2.48A and that of AsTe is 2.R2A, which agree with the previous As A'-edge
analysis/'^ The results of Te A'-edge analysis indicate
that the length of Te-As bond is 2.6lA and that of
short Te-IV is 2.76A.
We discuss how the coordination numbers(N) around
As and Te atoms • hange with As concentration. Fig.l
shows the concentration variations of N around central
As atoms. We found that. N of As around As atoms increases with As concentration and the total N around
As atoms remains almost 2.2. Fig.2 shows the concentration variations of N around central Te atoms. It is
found that N of As around Te atoms increases with As
concentration and N for short Te-Te bonds is almost
1.0. The total N around Te atoms is estimated to be
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Introduction
Recently thermal motions have become an
attractive subject in EXAFS spectroscopy. Although
the analysis method including anharmonicity has
been well established, for instance, owing to the
cumulant-expansion method, the relationship between the interatomic potential and the EXAFS
cumulants has not been fully understood. In this
study, we have derived the formulas of the EXAFS
cumulants for an octahedral system using the firstorder quantum statistical perturbation theory and
have analyzed the temperature-dependent EXAFS
spectra of Ptlg2". We focus our attention on whether
the stretching and bending motions are important to
yield proper cumulants for higher nearest neighbor
(NN) shells.

by 19% smaller than the appropriate values. These
results imply that the stertching mode isdominantly
important to describe C2 and C3, in the Oh system
and the contribution of the bending mode plays a
minor role even for the second NN I-I shell where
the bending mode directly affects.

Experimental
Temperature dependence (50—300 K) of Pt
Lm- and I K-edge EXAFS spectra of commercially
available solid K2PtI6 was investigated at BL-10B
(2.5 GeV) and BL-7C (3.0 GeV), respectively, with
the transmission mode.
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3

Distance

4

5

6

R (A)

Fig. 1. Fourier transforms of I K-edge EXAFS
function k2^) of K,FtI6 at 50, 130, 190, 250 and
300 K, together with the calculation (solid line).

Results and discussion
Figure 1 shows Fourier transforms of I Kedge EXAFS function k?x(.k). Three distinct features
can be seen around 2.5, 3.5 and 5.1 A, which can
respectively be assigned to the first NN I-Pt, the
second NN I-I and the third NN I-Ft-I (multiplescattering) shells. The Pt Lm-edge EXAFS (not
shown) gives information also on the first NN Pt-I
shell. These features were analyzed by means of the
curve-fitting or so-called ratio method to yield C2
and Cy The obtained temperature dependence of C2
and C3 is depicted in Fig. 2. In Fig. 2(a), the curves
correspond to the calculated ones obtained by using
the harmonic force constants given by the vibrational IRand Raman frequencies. These curves show
excellent agreement with the EXAFS values. In Fig.
2(b), the calculated curves are also shown. This
provides anharmonic force constants.
It is apparent that C2 and C3 of the first and
third NN shells are described only by the stretching
force constants, as in the case of linear molecules. In
order to discuss the contribution of the bending
motion to those of the second NN I-I shell, let us
neglect the bending harmonic and anharmonic
force constants in the calculation. C2 and C3 at 3 00 K
were respectively estimated to be by 15% larger and
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Fig. 2. Temperature dependence of (a) C2 and (b)
C, for the first NN I-Pt (solid line), the second NN I-I
(long-dashed) and the third NN I-Pt-I (shortdashed) shells.
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contrast to the cases of linear2' and octahedral3' systems.

Introduction
Anharmonic vibration in EXAFS spectroscopy has been analyzed for several systems by using
the cumulant-expansion technique. A study on the
direct relationship between the EXAFS cumulants
and the interatomic potentials has been, however,
reported only for diatomic" and linear triatomic2'
cases. In these systems, only stretching modes contribute to the cumulants. It is in general, however,
important to take bending modes into account for
the analysis beyond the first nearest neighbor (NN)
shells. In the present study, we have analyzed temperature dependent EXAFS of CBr4 and GeBr4 to
identify how the bending motions contribute to the
EXAFS cumulants.

References
1) A.I. Frenkel and J. J. Rehr, Phys. Rev. B48, 585
(1993).
2) T. Yokoyama, K. Kobayashi, T. Ohta and A.
Ugawa, Phys. Rev. B53,6111 (1996).
3) T. Yokoyama, Y. Yonamoto and T. Ohta, in this
issue (also to be published).

Experimental
Br and Ge K-edge EXAFS spectra of gaseous
CBr4 and GeBr4 were measured using BL-10B in the
transmission mode. Temperatures investigated were
423-523 K for CBr4 and 423-773 K for GeBr4.
Results and discussion
Figure 1 shows Fourier transforms (FT) ofBr
K-edge EXAFS function k^y{k) of CBr4. Two
prominent features can be seen around 1.5 and 2.8
A, which can respectively be assigned to the first NN
Br-C and the second NN Br-Br shells. FT of GeBr4
shows only too weak Br-Br contribution to analyze.
The obtained temperature dependence of C2 and C3
is depicted in Fig. 2. In Fig. 2(a), the curves correspond to the calculated ones obtained by using the
Urey-Bradley harmonic force constants. These
curves show excellent agreement with the EXAFS
values. In Fig. 2(b), the calculated curves are also
shown. This provides anharmonic force constants.
C2 and C3 of the first NN shells are well described only by the stretching force constants. The
stretching anharmonic force constants were thus
obtained to be 2.2 and 3.7 (mdyn/A2) for CBr4 and
GeBr4, respectively. In the case of CBr4, C2 and C, of
the Br-Br shell include information on the Br-C-Br
bending motion, this leading to the bending anharmonic force constant of 0.38 (mdyn/A2).
When we neglect the contributions of the
bending motion to C, and C3 at 423 K, C2 was found
to be overestimated by 24%, while C3 was underestimated by 94%. These results imply that the bending
mode is essentially important to describe C2 and C3,
in the Td system, especially for C3. This finding is in
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Fig. 1. Fourier transforms of Br K-edge EXAFS
function k3^) of CBr4 at 423,473 and 523 K, together with the calculation (solid line).
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Fig. 2. Temperature dependence of (a) C2 and (b)
C3 for the first NN Br-C, the second NN Br-Br shells
of CBr4 and the first NN Br-Ge shell of GeBr4.
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Introduction
In the previous work, a series of Co-Mo/Al,O3
catalyst with different Co-Mo (Co:Mo=l:2 mol%)
loading were prepared
Then we studied structural
changes of the Co-Mo catalysts used for a one year
commercial hydrodesulfurization (HDS) operation.
We founded that catalyst dcactivation occurred by
structural changes of active metals on the catalysts"
In this present study, we regenerated these spent
catalysts and studied structural changes of the active
metals The main purpose of this report is to discuss
the correlation between active metal structures and
rcgenerabihty of the catalysts
Experimental
A scries of Co-Mo/Al-,0, catalysts used for a one
year commercial HDS test were regenerated by a
catalyst regeneration maker
After sulfiding these
regenerated catalysts. EXAFS measurement and
activity test measurement were carried out
The
Mo-K. edge EXAFS spectra were measured at the
BL-I0B in the Photon Facton
Results and Discussion
After presulfiding of the regenerated catalysts.
EXAFS measurement showed Mo species in the
catalysts exists MoS2 like structure
The FT
magnitudes of Mo-S and Mo-Mo peaks measured on
the fresh and regenerated sulfided catalysts are shown
in Fig 1 as a function of Mo contents in the catalyst.
The FT magnitudes of Mo-S and Mo-Mo peaks
increased with increasing of Mo loading on the fresh
and regenerated catalysts The FT magnitudes of the
regenerated catalysts show about 90% of those on the
fresh catalysts, while recovery of the FT magnitude
decreased with increasing of Mo loading
These
results indicate that crystal grows of MoS2 like
structure deduced and Mo species dispertioned during
catalyst regeneration.
Lower FT magnitudes of
Mo-S and Mo-Mo on the regenerated catalysts seems

to show larger amounts of MoS2 like structures on the
regenerated sulfided catalysts is slightly grown as
compared to those on the freshly sulfided catalysts
TEM study supported above consideration
Crystal number of MoS2 like structure on the
regenerated catalysts is slightly lower than that on the
fresh catalysts.
In the catalyst activity test. HDS activities on the
regenerated catalysts show 90-100% of these on the
fresh catalysts.
A dotted line in Fig 1 shows
recovery behavior of HDS activity of the catalysts
Rcgencrability increased with increasing of Mo
loading
We concluded from these results that the MoS2 like
structures on the regenerated catalysts is almostly
same as those on the fresh catalyst, although less
dispersion of MoS2 like structure were estimated by
EXAFS and TEM measurements.
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Fig. 1 Change in the magnitude of the Mo-S and Mo-Mo peak
and activity recover}' ratio as a function of Mo content.
R : Regeneration catalyst F : Fresh catalyst
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The catalytic reactions were performed by the
fixed flow reactor. The Pt Lm-edge XAFS
spectra were measured at the BL-7C and 10B
for this catalysts in some steps of the reaction.

Introduction
The selective oxidation of alkane is one
of the potentially useful reaction, but when
compared with alkene oxidation reaction, the
improvement of selectivities and the yields for
the desired products are still going on, because
it requires more severe reaction condition.
Thus it is necessary to find a key concept
which opens the door for the alkane oxidation
in mild condition. We found that the nitroxidation reaction of isobutane produced methacrylonitrile with high selectivity by the Pt-Sn
bimetallic catalysts. It seems to be hopeful to
apply the unique nature of metal-metal oxide
combination to the selective oxidation reaction
of alkane. Sb is one of the key elements for
the selective oxidation reaction catalysts
though the Sb oxide itself is inactive for this
reaction. We found that Pt could promote the
reactivity in some conditions in thePt-Sb oxide
system. However, the structure of Pt is
unknown which is essential to understand the
catalysis of Pt-Sb oxide system. In this paper
we will report the Pt Lm-edge EXAFS results
of Pt-Sb oxide system.

Results and Discussion
Fig 1 shows the comparison of the
XANES spectra of the 0.5 wt % Pt/SbOx, 2
wt. % Pt/SbOx, and Pt foil. Because the
XANES spectra of the samples are similar to
that of Pt foil, indicating that Pt is present in
metallic particles. EXAFS analysis results
indicate that the particles grow up as large as
more than 3 nm. The reaction experiments on
Pt/SbOx with various Pt loading suggest the
presence of a unique phase for selective
oxidation. Combining the EXAFS results we
propose the decoration model where Pt
particles were covered with SbOx suboxide
species.
Pt/SbOx 0.5 wt%

Pt/SbOx 2.0 wt%
LJ

Pt foil

Experimental
The Sb oxide was prepared by the hydrolysis
of SbCl5 and calcined at 773 K for 6 h. Pt
was added by the precipitation of Pt(acac)2
acetone solution to Sb oxide. The Pt loading
was varied between 0.2 wt % and 2 wt %.

11520

H620

Energy / eV
Fig 1 The comparison of the Pt Lm-XANES
spectra for Pt/SbOx catalysts.
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Sapporo, 060, Japan

Introduction
The present authors reported new kinds of glasses
composed of silver iodide (Agl) and some organic ions
such as tetramethylammonium iodide (TMAI) [ 1J. The
ionic conductivity exhibits sharp insulator to superionic
transition as shown in figure 1. In order to clarify the
ionic transport mechanism in the glasses.we examined
local structure around mobile silver cations by Ag K-edge
EXAFS.
Experimental
Ag K-edge EXAFS measurements were performed with
the beam line BL-10B of syncrotron radiation (PF).
Measurements were done at room temperature using the
powdered samples of different compositions of Agl and
some alkylammonium iodides. The Fourier transforms of
Ag K-edge fine structure of the glasses are shown in figure
2. In comparison to these data we also measured for the
AgI-Ag2O-B2O3 glasses; the results are shown in figure 3.
Results and Discussion
EXAFS results of figure 2 are quite surprising since there
are almost no change in local structure around mobile
Ag+ ions, which is close to that of Agl crystal, although
their conductivity varies from superionic to insulators.
The conductivity in these glasses are controlled by
intermediate range order like percolation clusters, which
was also evidenced by the small-angle-neutronscattering(SANS) experiments [2].
In contrast with above, the EXAFS results of AgI-Ag2OR,O3 glasses show clear two peaks corresponding to Ag-I

and Ag-O correlations (see fig.3), and Ag-O distances are
closely proportional to the logarithms of ionic
conductivity. This result supports the chemical bond
model on the ionic conduction in glasses, where the local
structure around mobile cation is taken into account.
References
[1] J. Kawamura and S. Hiyama, Solid State\
Ionics, 53-6 (1992) 1227.
[21 J.Kawamura et al., Solid State Ionics, in press.
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Introduction
The Debye-Waller factor determined by EXAFS for
the first-shell is sensitive to short-range correlations
of the atomic motion: the mean-square relative
displacement (MSRD) of the backscattering atoms with
respect to the absorbing atom can be determined by
EXAFS. The MSRD contains the contribution from the
MSD of both absorbing and backscattering atoms and
the displaecement correlation function (DCF). Many
studies explored the possibillity that the EXAFS provides
the representation of an effective interatomic potential
with temperature-independent shape from the DebyeWaller factor.
In our previous paper1, we showed that the relative
magnitude given by o 2 ^ = cr^p/cT^ is quite correlated
with increasing Phillips' ionicity2, f;. The separation of
the tetra- and octahedrally coordinated ANB8"N crystals
occurs at a critical point of —
f 0.785. Agl which
exhibits the super ionic conduction is situated close to
the instability associated with the covalent-ionic phase
transition. In this study, the Debye-Waller factor of
atoms in tetra- and octahedrally coordinated ANB8"N
crystals such as Ge, GaN, ZnO, CdS, CdSe, CuBr,
CuCl, Agl, CdO, AgBr KBr and RbCl in order of an
ionicity is studied by both EXAFS and diffraction
method.

Results and discussion
In the tetrahedrally coordinated covalent materials,
the MSRD is equal to half the MSD and the magnitude
of the DCF term amounts to about 80 % of the MSD.
On the other hand, in the octahedrally coordinated ionic
materials, the MSRD is comparable with the MSD and
the magnitude of the DCF term amounts to about 50 %
of the MSD. That is to say, the large contribution of the
DCF to MSD for the tetrahedral compounds is reveald.
The largely correlated displacement in thermal vibration
between absorbing atom and first-nearest neighbors
should be attributable to covalent bonds which interact
locally. The magnitudes of MSRD in the octahedrally
coordinated rocksalt type structure are usually larger than
those in the tetrahedrally coordinated wurzite, zinkblende
and diamond type structures. Which should means that
the effective interatomic potential of the octahedron is
broader than that of tetrahedron. The MSRDs for
tetrahedral compounds which have f; > 0.616 indicate a
gradual approach to those for octahedral ones as the
ionicity increases. The divergent-like curve toward
f;=0.785 is observed for the MSD^,, and MSDank)n in
the tetrahedral compounds and indicats the behavior of
lattice instability. The lattice vibrations dependent on the
bonding force and the tendency toward the lattice
instability result in increasing magnitude of MSD and
anharmonicity4. Agl has a broad interatomic potential
which is similar to the octahedral ones, a largely
correlated displacement in thermal vibration between
cation and anion and a open structure.

Experimental and analysis
The X-ray absorption measurements near the
K-edges of Cu, Zn, Ga, Ge, Br, Rb, Ag and Cd were
made in transmission mode at low temperature, 23 K,
and room temperature with synchrotron radiation
from the Photon Factory. The EXAFS interference
function, xW> w a s extracted from the measured
absorption spectra using the standard procedure. In order
to obtain the MSRD, the Fourier-filtering technique and
a non-linear least-squares fitting method were used. The
change in the Debye-Waller factor with respect to Agl
specimens which has different thermal histories3 was
with in about three times of the standard deviation. An
anharmonic contribution to thermal vibration appears
pronouncedly when the magnitude of MSRD is greater
than 0.01 A2.

References
1. Yoshiasa, A. et al. Solid State Ionics, 78, 31-33
(1995)
2. Phillips, J.C. Rev. Mod. Phys. 42, 317-356 (1970)
3. Yoshiasa, A. et al. Solid State Ionics, 79, 67-70
(1995)
4. Yoshiasa, A. et al. Acta Cryst. B43, 434-440 (1987)

167

95-G030
XANES Study or Valence State or Bismuth ion in Bi 1 _ x Y x O 1 ^ +(J (x=0.4)
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Introduction
Bij.jjYjOj^ (0.1^x^0.4) whose structure belongs
to defect fluorite type is well-known to show high ionic
conductivity of oxide ion. We have studied the effect
of introduction of oxygens into the anionic defect sites.
In the present report, the formation of mixed
valence state of bismuth was investigated in
1

<5=0 to 0.16. This phenomenon in the derivative
spectra ws also observed in Tl L m XANES in
Tl 2 Nb 2 0 6+x as well. XANES results suggest that excess
oxygens in BiQ6YQ4O15+(5 are considered to give rise
to higher oxidized states of bismuth ions than 3+.
References
(1) T.Takahashi, H.Iwahara and T.Arao, J. Appl.
Electrochem., 5 (1975), 187
(2) G.U.Kulkarni, V.Vijayakrishnan, G.R.Rao, R.Seshadri,
and C.N.R.Rao, Appl. Phys. Lett., 57 (1990), 1823
(3)V.Vijayakrishnan, G.U.Kulkarni, and C.N.R.Rao,
Modem Phys. Lett. B4 (1990), 451

Experimental
In order to control amount of excess oxygens c5,
polycrystalline samples of B i 0 6 Y 0 4 O 1 5 + ^ were annealed
at 703 K under different oxygen partial pressure for 5
h.
Oxygen contents were determined by the
iodometric titration and thermogravimetry (TG). For the
*2
purpose of examining valence state of bismuth ion, Xray absorption spectra of Bi L m edge was measured,
3
using BL-10B beam line. A Si (311) channel-cut
crystal was used as a monochromator to obtain high
to
resolution (about 2.5 eV at 13.4 keV). The absorption
energy was calibrated by using the pre-edge peak of Cu
CD
O
K absorption of Cu foil. Bi L m absorption edge of
3+
CO
Bi2O-, or NaBiO3 was measured as a standard of Bi
O
or Bi , respectively.
CO
Results
3
Figure 1 shows spectra of Bi L^ X-ray
absorption near edge structure (XANES) of
13.46
13.40
13.42
13.44
Bio 6^0 4^1.5+ 6 samples (l(a)) and their derivative
Photon
Energy
(
keV
spectra (l(b)). In the pentavalent Bi compound
(NaBiO3), both the peak locating at 13.421 keV and the
dip locating at 13.426 keV were clearly observed. On
the other hand in trivalent Bi compound (Bi2O3), both
c
of them did not appear clearly. It is noted in Fig. l(b)
that the bump around 13.42 keV gradually shifted to
CO
lower energy side with increasing 8 and approached to
the clear peak observed for NaBiO3.
Discussion
u
XANES responds sensitively to the characteristics
a>
a.
of unoccupied bands of the respective constituents, and
CO
is a useful method for characterizing the valence state of
a>
Bi ions. X-ray photoelectron spectroscopy is not useful,
because of the small chemical shift of Bi 4f. The small
w
absorption peak observed clearly at 13.421 keV for
Q
NaBiO3 shown in Fig. l(a) is assigned to 2p-6s
13.40
13.42
13.44
13.46
transition.2*3 The transition band of Big 6 Y 0 4 O X j + g
even in the case of 5=0.16 was not so clear compared
Photon Energy ( keV )
with that of NaBiO3. On the other hand, in the
derivative spectra shown in Fig. l(b), the peak at 13.421 Figure 1. (a) X-ray absorption spectra of Bi LJJ edge
keV for 8=0 tended to shift to lower energy side and
of Bi 0 6 Y 0 4 O 1 5 + ( j, Bi2O3 and NaBiO3 and (b) their
close to 13.419 keV observed in NaBiO3, on going from derivative spectra.
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Experimental
For the XAFS measurements of liquid semiconductors, we have developed a sample cell made of polycrystalline sapphire. The cell assembly is illustrated in
Fig. 1. The cell consists of a sample space heated upto
high temperature and a sample reservoir kept about
100°C above the melting points of the sample. The
sample space is formed between two closed ends of sapphire tubes whose wall thickness is 250/jm. A typical
thickness of the sample space is about 50 fjm for the
efficiency of x-ray transmission. The cells of this type
are useful for the measurements of semiconductors with
rather low melting points such as Se. However for the
measurements of 1-Ge, the sample reservoir and a channel between the reservoir and the sample space must
be heated up above the melting point of 936°C. To
achieve such experimental conditions, a new cell is designed. Since the vapor pressure of 1-Ge is very low, the
reservoir is put close to the sample space and heated
up simultaniously using Mo heater.
Figure 2 shows a high pressure vessel used for XAFS
measurements of dense Se vapor.2' The vessel permits
the measurements at high temperature and high pressure upto 1600°C and 800bar. The incident and transmitted x-ray beams pass through Be windows with
lOmin in thickness and 8mm in diameter. The vessel is pressurized by high purity grade (99.9999%) He
gas with a low absorption coefficient for x-ray.

Introduction
In a solid state, Ge is one of typical semiconductors
and has a diamond structure, where valence electrons
form sp 3 hybrids and atoms are covalently bonded with
tetrahedral form. When Ge is melted, dc conductivity increases to lO^fi-cm)" 1 , which suggests a semiconductor-to-metal transition on the melting. The results of X-ray and neutron diffraction measurements on
liquid Ge (1-Ge) show that the first peak in the structure factor is smaller than those of simple liquid metals
such as alkali metals and that it has a shoulder in larger
momentum side. The coordination number of the nearest neighbors is about 6 in 1-Ge. The value is larger
than that of the tetrahedral structure while it is smaller
than those of the simple liquid metals. These results
suggest that 1-Ge has a rather complicated structure
compared to the simple liquids. A recent study using
computer simulation shows that there exist covalent
bonds in 1-Ge while the bonds are often broken with
atomic motions. The simulation also shows that the
distribution of the coordination numbers is large and
1-Ge seems to be a mixture of tetrahedral and planar
hexagonal coordinations.
XAFS spectroscopy is expected to give the information on the local structure of 1-Ge from a viewpoint
different from diffraction measurements. Recently Italian reseachers have carried out XAFS measurements of
1-Ge at high temperature^. We plan to measure XAFS
of 1-Ge from the melting point to 1600°C.

References
A. Filipponi and A. Di Cicco, Phys. Rev. B51,
12322 (1995).
S. Hosokawa, et al, J. Chem. Phys. 27, 786
(1992).
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Figure 1: The construction of polycrystalline sapphire
cellwith the enlargement showing the sample space.

Figure 2: Side view of the high pressure vessel.
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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 1>2)- These results suggest the existence of a cluster in the molten mixtures.
It is interesting to study partial structures in the
molten mixtures. We have carried out XAFS measurements on Ag- and I-K edges for molten AgBr-AgI
mixtures using the spectrometer installed at BL14A.
Figure 1 shows normalized XAFS oscillations around
Ag-K edge, \{k), of molten Ag(Bri_ z I z ) near the melting 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 x{k) around I-K edge of the molten
mixtures. Note that the maximum concentration of
AgBr is 0.8. The x(k) around I-K edge for the molten
mixtures show similar patterns. However, the first
peak of molten Ag(Bro-iIo.e) is slightly shifted towards
larger k. This result may be correlated with the maximum of the prepeak intensity obtained from our neui—i—i—i

tron diffraction measurements.
The nearest neighbor ionic distances obtained from
curvefitanalysis 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. These results suggest that the structure obtained from XAFS spectra
of largely disordered systems does not agree with the
results of diffraction measurements.
In this study, we plan to measure XAFS spectra
about Br- and Ag-K edges for molten AgBr-AgI mixtures.
Experimental
XAFS measurements are carried out about Br- and
Ag-K absorption edges by a transmission method using
the spectromator installed at BL10B. Si(311) channelcut crystal monochrometers is used. The sample thickness in each fused quartz cell is adjusted to the values from 50/j.m to 180/j-m which give the edge jump of
about 1. The sample is melted under He atmosphere
to eliminate bubbles from the melt.

1)

2)

i—i—i—i—i—i—

References
M. Inui, S. Takeda, Y. Shirakawa, S. Tamaki,
Y. Waseda and Y. Yatnaguchi, J. F'hys. Soc.
Jpn., 60, 3025, (1991).
Y. Shirakawa, S. Tamaki, T. Usuki, K.
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63, 1814 (1994)
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LOCAL ATOMIC ARRANGEMENT IN AMORPHOUS As-X-I (X:Se, Te)
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Department of Material and Biological Chemistry, Yaraagata University, Yamagata 990
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Introduction
1

Halide and chalcogenide glasses are both
transparent in the mid-infrared (IR) wavelength range.
However, the relatively poor chemical durability of
halide glasses, together with their low glass transition
temperature, Tg, and poor mechanical strength, pose
serious problems
for practical
applications.
Conversely, chalcogenide glasses are well known for
their high chemical durability but they possess a high
refractive index and intrinsic optical loss, which
clearly imposes difficulties in long distance fibre
communication Fortunately, chalcohalide glasses can
be made'1 which combine the best qualities of the two
different systems and thus emerge a strong candidates
for potential application as mid-IR transmitting
materials. However, very poor information has been
available to-date about the local atomic arrangement
of amorphous chalcohalide systems
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Fig. 1. The radial distribution functions, \F\r)\, around a
central As atom for amorphous AsSe (a), ASJQSC^I^ (b),
(c), AsjjSegQljj (d), As^Te^I^ (e) and
), respectively.

Experimental
Amorphous samples (As40_vSe60It: >r=0, 15, 20 and
30, As5(M.Te5(llv JC=10 and 20) were prepared by
heating the required amounts of elemental materials
(purity all more than 99.99%) sealed in an evacuated
quartz ampoule very slowly up to 600°C and thereafter
quenching the ampoule into ice water.
The EXAFS measurements around the As and Se
K-edges for amorphous samples were performed in the
BL-10B station at KEK-PF, with a silicon (311)
channel-cut monochrotnator The storage ring was
operated at 2 5 GeV and ~ 3 5 0 mA The intensity of
the incident beam, /0, and that of the transmitted beam,
/, were measured using two ionization chambers filled
with N,(85)-Ar(15) mixture for /() and with N2(5O)Ar(50) mixture for /.

Results and discussion
Figure 1 shows the radial distribution functions,
\F{r)\, around As atoms obtained by a Fourier
transform of As K-edge EXAFS oscillation functions,
k*X(k). Typical values of i r a and £max were taken to
be 3 OA"1 and 16.0A'1, respectively For the
amorphous AsSe a mam peak exists around 2.1 A,
corresponding to the covalent bond length of As-Se
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pairs. In the amorphous As4u.vSe6lllv system the peak
position shifts toward a large r side with increasing I
content The shift and broadening of the peak against
.v may reflect the enhancement of longer As-I bonds
This assumption is supported by a recent report of
Raman scattering experiments2' in which the
amorphous As4(l.vSe60Ir may be basically composed of
three structural units, i.e. AsSe3/2 connecting units,
discrete Asl? units and Sen clusters In order to obtain
the atomic arrangements of Se and 1 atoms around a
central As atom, we carried out a curve fitting analysis.
The bond length of As-Se, ^.^=2.42 A, is roughly
equal to the covalent value, whereas that of As-I pairs,
rAs.]=2.62 A, is obviously nearer to the ionic value
This difference in the nature of the bonding between
the As-Se and As-I pairs may be considered to prohibit
the formation of mixed-anion units m this system
The analyses for the Se K-edge and for the
amorphous As-Te system are now in progress, and
results will be reported elsewhere in detail.
1) J. Heo and J.D. Mackenzie, J. Non-Cryst. Solids
113(1989) 1.
2) K Saitoh, O Uemura, T Usuki and Y. Kameda; J
Non-Cryst Solids 192&193 (1995)286-291.

Proposal No. 95-G187
STUDY O F THE Rh-Mo BIMETAL CATAYSTS PREPARED FROM THE PLANAR
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Bunkyo-ku, Tokyo 113, Japan; Research Center for Spectrochemistry, Faculty of Science, The
University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113, Japan*
shown in Fig.l. On the Rh K-edge EXAFS,
Introduction
one peak corresponding to Rh-Rh interaction
Bimetallic systems have been often utilized in
appeared at about 0.25 nm for both supports.
order to modify catalytic properties and to
But the height was much smaller for SiO2produce new catalysts for industrial purposes.
supported one than that on AI2O3. Moreover the
The bimetallic clusters used as precursor could
structure and state of Mo species on both
provide a homogeneous and well-controlled
supports were different. The position of second
bimetallic surface structure on supports which
shell peak in Mo Fourier transformation shifted
will be helpful to understand the catalytic
to
a lower side on AI2O3 supported compared to
mechanism on the surface. In this study, we
9
SiO2-supported one.
Thus the interaction
employed an [RhMo6O24] "heteropolyanion
between
Mo
and
Rh
was
varied under the
(Anderson-type) with a plane structure as a
influence of supports. Further studies for the
precursor for Rh-Mo bimetallic system. We will
determination of the surface structure are in
report the change of surface structure of
progress.
[RhMo6O24]^'supported on various oxides
(SiO2, AI2O3 and MgO) by EXAFS.
Experimental
The catalysts were prepared by impregnation
with the aqueous solution of the [RhMo6O24]9"
polyainon. The metal loading was the same
for all catalysts( 1 wt% for Rh and 5.5 wt% for
Mo). Rh and Mo K-edge EXAFS spectra of the
catalysts were measured at BLIOB(KEK-PF)
with Si(311). Samples were calcined at 773K
for lh, then reduced at 773K under flowing H2
(30 ml/min). The measurements were followed
at room temperature, in-situ sample was
prepared
under the various reduction
temperatures where the reduction of RhMo6 took
place as was found by TPR(Temperature
Programmed Reduction) spectra.

ST

(a) RhMo6/SiO2 after reduced at 773K

x

30
25
20
15
10

1

1

Rh K-edge.

5

u_

Results and Discussion
After the impregnation, it was found that the
planar structure was not kept for the MgOsupported catalyst while alumina and silicasupported one show no change in the structure.
After calcination at 773 K all samples became to
Rh oxide and Mo oxide species. However, the
reduction at 773 K produces the different
structures on the AI2O3 and S1O2 supports as
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(b) RhMo/Al2O3 after reduced at 773K
Fig.l
Rh K-edge and Mo-K edge EXAFS
spectra (a) RhMo6/SiO2 after reduced at 773K
(b) RhMo/AhO3 after reduced at 773K.
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Introduction
In the rutile type structure Ge is octahedally
coordinated and the four coplanar Ge-0 bonds are
shorter than the two axial bonds. In the a-quartz
type structure Ge is tetrahedally coordinated by the
oxygen atoms.
In order to study if the effective pair potential
changes significantly with structural transformation,
we tried to determine the effective pair potential of
Ge-0 bond in GeO2 polymorphs by the EXAFS
method in temperature range from 10 K to 1000 K.

Reference
1 )O. Kamishima, H.Maeda, T. Ishii and S.Kashino
EXAFS Study on the Anharmonic Pair Potential
in CuBr, to be submitted

Table.l The obtained values of a, P and y
a(ergA-2) P(erg A-3) Y(erg
rutile type
32.2(7)
0
0
2-fold
10.2(0)
0
0
4-fold
28.7(9)
0
-54.1(5)
a-quartz type
26.0(2)
0
0
vitreous

Experimental and analysis
The rutile type GeO2 was synthesized under 6.1
GPa at 1000 K. The specimens of rutile type, aquartz type and vitreous GeO2 identified by X-ray
diffraction.The fine powder samples were pressed
with powder of boron nitride into pellets. The Ge Kedge EXAFS of rutile type, a-quartz type and
vitreous GeO2 has been measured from 10 K to 1000
K at beam line 10B of the Photon Factory in KEK.
EXAFS interference function was extracted from
the measured absorption data using standard
techniques. The
structure
parameters
were
determined by the least-squares parameter fitting
with analytical EXAFS formular.
An anharmonic effective pair potential
V(u)=l/2au2+l/3!Pu3+l/4!Yu'* for Ge-O bond has
been determined by the numerical integration of
EXAFS fanction1) with assuming the classical
Boltzmann distribution. The rutile type GeO2 was
treated as two shell model.

10M2erg

Result and disscution
Table.l shows the obtained values of a, p and YFig.l shows the effective pair potentials of rutile type
(at 1000K), a-quartz type (at 1000K) and vitreous
(at 900K) GeO2. The effective pair potential of Ge-0
bond is not appreciably changed with structural
transformation, except for the four coplanar Ge-O
bonds in the rutile type structure.

Fig.l The effective pair potentials of rutile type (at
1000K), a-quartz type (at 1000K) and vitreous (at
900K) GeO2.
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u
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Introduction
The purpose of this work is to observe the aggregation state of Cu atons in the conpositc films
of Cu, Hydrogcnatedphthalocyanonedlz Pc), Paraffin
(Pa) by using EXAFS.
Experinental
Cu-H2 Pc-Pa composite filn (CuxD2 PcxPa) was prepared by sinultaneous evaporation of each components froB difffemt sources in vacuua [1]. The
EXAFS spectra were neasurcd at the Cu K-edgc on
the bcaa-linc 10B at the Photon Factory . The radial distribution functions (RDF) around Cu atOB were derived by the Fourier transfoni of EXAFS signal, k 3 i(k) using Program EXAFS3A. These results were conparcd with that of the evaporation filn of only Cu or the powder of Cu-phthalocyaninc coaplex (CuPc).

(a)

Results and discussion
The radial distribution functions (RDF) around
Cu atcw in each filns provided by the Fourier transfoni of the EXAFS spectra arc shown in Fig. ].
In Fig. I (a) the nain peak apears at 1.6A . The
peak corresponds to the bond distance of Cu-N in
CuPc noleculc. This peak distance agrceds with
that of the Bain pesk in Fig. K b ) . This result
shows CuPc coaplex foraation in Cuxfl s PcxPa which had also been already observed by FTIR in
the previous paper[2]. At 2~4k sone snail peaks
appear. As the lattice spacing of Cu crystals is
2. 3A, above dispersion of peak distance in Fig. 1
(a) suggests the irregular aton packing in the Cu
clusters in the present organic-inorganic conposit filns.

174

2
3
DISTANCE R(A)

DISTANCE R(D
Fig. 1 Radial distribution function around
Cu aton in (a) Cuxli 2 PcxPa and in (b)
powder of only CuPc
Reference
[1]K. Orihara et al., Koubunshi Ronbunshu
53(1996), p. 15-19
[2]K. Orihara and K.Tsuchiya et al.,
Makronol. Cheaie. in contribution
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COORDINATION STRUCTURE AROUND THE ZN CATION
IN ZINC SALTS OF FATTY ACIDS
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Makolo HARADAt and Shigchiro KAWAUCHlt
Faculty of Science, Toyama University, Gofuku, Toyania 930
and t Faculty of Science, Osaka University, Toyonaka, Osaka 560

Introduction

coordination forms of 4, 5 and 6, which have different
Zn-O lengths or 1.94-1.95, 2.02 and
2.16A,
respectively. This length can be used as a criterion of
Ihc coordination number.
By the curve filling of
k^xCO spee'ra, we obtained Zn-O length (r) of the first
coorination shell and coordinalion number (N). These
parameters also indicate that ihc coordination numbers
of Zn stearale and Zn ionomcr arc 4.
We cannot
distinguish wether Ihc 4 coordination structure is
isolated bidcnlatc or bridging bidentale at Ihe present
stage.

Mclal salts of saturated Tally acids arc model
compounds of lipids which constitute biomembrancs
and arc also important for industrial usages. However,
their syntheses having high purity over 99% were not
reported until 1980s, and only a few crystal structures
have been known until today.
In this study, we made XAFS experiments for two
Zn soaps and tried to reveal the coordination structure
of them.
Experimental
Samples investigated are Zn stcaratc (99%) and Zn
salt of cthylenc-co-mcthacrylic acid ionomcr (Zn
ionomer of a polymeric Zn soap). The water content
in Zn stcarale was estimated as a few % by infrared
spectrum. Zn(OI l2)6 2 + a c I' ZnAc2' 2112O and ZnAc2
(Ac: acetate) were used as standards of 6, 6, and 4
coordination forms of oxygen.
The purity of
ZnAc2-2l I2O is 99....% and ZnAc2 was prcparacd from
ZnAc2'2H2O by drying all20°C under vacuum for a
week.

9650
E /eV

Fig. I. XANES spectra of Zn stearale
, ZnAc2
2+
ZnAc2.2H2O - - - and Zn(OH 2 )6 ---••

Results and Discussion

",

Table I. Structural parameters of Zn soaps.

Zn cation lakes three different axirdination numbers
of oxygen of 4, 5 and 6. The standard materials we
have used are ZnAc2 having 4 coordinations of
carboxylatc oxygens of bridging structure, and
Zn(OH2)6 having 6 coordinations of water oxygens.
ZnAc2-2H2O showed uncxplainablc EXAFS spectrum
and thus was not used as a standard.
Fig. I shows transmission XANES spectra at room
temperature of Zn stcaratc, ZnAc2, ZnAc2'2H?O and
Zn(OH2)62+- Zn(OH2)6 2+ shows strong white line
which is characteristic of 6 coordinations.'
The
spectra for Zn stcaratc and ZnAc2 arc very similar each
other with only a small difference in the fine structures
over the white line region, indicating that they take the
same lelrahedral structures.

sample

shell r/A

N

a/A

AE()/eV <|>Q/rad

ZnAc2
Zn(OH2)62+
ZnAc2
al70K
Znslcaratc

I(O) 1.96 4.0 0.053 7.02
1(O) 2.07 6.4 0.083 4.66
I(O) 1.95 3.7 0.022 5.41

0
0
0

I(O) 1.95 4.2 0.050 7.13

0

at room temp.

Znslcaratc 1(O) 1.95 4.2 0.035
al70K
Znslcaralc I(O) 1.95 4.0 0.058
at 170'C
Zn ionomcr 1(O) 1.95 4.2 0.051
dry
Zn ionomer I(O) 1.96 4.1 0.057
wet

XANES spectra at room temperature of ZnAc2 and
Zn ionomcr in the dry and wet stales arc also closely
resembled each other. I lence, the coordinalion number
of the Zn ionomer in the two slates is 4.
From the EXAFS analyses, the structure parameters
listed in Table I were evaluated. Zn cation lakes three

7.57

0

7.47

0

8.20

0

6.65

0

I. H. K. Pan, G. S. Knapp and S. L. Cooper, Colloid
& Polymer Set., 26 2, 734 (1984).
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in situ XAFS SPECTROSCOPIC MEASUREMENTS OF DIFFRENT OXIDATION
STATES OF MIXED-METAL TRINUCLEAR COMPLEXES
Seiya MIYATA, Mats J.VALLI, Toshio YAMAGUCHJ, Hisanobu WAKITA,
Akihiro KIKUCH1*, Keisuke UMAKOSH1*, Yoiclii SASAKI*
Department of Chemistry, Fukuoka University, Jonan-kii, Fukuoka 814-80, Japan
Department of Chemistry, Hokkaido University, Kita-ku, Sapporo 060, Japan
Introduction
Acetate-bridged trinuclear metal complexes with an
oxide ion in the center of the inetal triangle, [M2M(|X3OX|x-CH3COO>i(L>]n+(L=neutral monodentate ligand),1
ha\'e played an important role in understanding the
nature of metal-metal interaction, in particular magnetic
properties of first row transisition elements M'. The
mixed-metal trinuclear complexes containing Ru ( IE )
ions are interesting, because they have much stronger
metal-metal interaction through the central oxide ion as
manifested by strong visible absorption bands and a
series of reversible redox processes. An in situ
electrochemical cell for use in synchrotron-radiation
XAFS experiments has been developed to investigate the
structures and electronic states of metal complexes with
different oxidation states. The structures and electronic
states of different oxidation states of a trinuclear complex,
[Ru; Co((i3-OXu.-CH3COO)6(py)3] (py=pyridine), Fig.l,
in acetonitrile solution have been studied.

References
1)A. Ohto, Y. Sasaki and T. Ito, Inorg. Chem., 33, 1245
(1994).
py
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c
CHs
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Fig. 1 The mixed-metal trinuclear complex
(Ru,Ru,Co)

(Dl.in.II)

-—(IV.ffl.Q)
- — ( i v , m. Hi)

Experimental
Ru K- and Co K-edge XAFS spectra were recorded at
25 °C by transmission and fluorosence modes on BL10B
and BL7C, respectively, in Photon Factory, National
Laboratory for High Energy Physics. The concentration
of the complexes was lOmM. The supporting electrolyte
was 0.5M tetramethyleammonium hexafluorophosphate.

7680

7700

7740

7720

Energy (eV)

Fig.2. Co-K edge XANES spectra

Co 2+
Results and Discussion
The Co-K edge XANES spectra for Ru2Co( I , m, U ) and
Ru;Co( IV , III , II ) species are approximately identical,
whereas that for Ru2Co(IV, m, ID ) is different (see Fig.2).
An explanation may be that Co24 was oxidized to Co3+in
two electron oxidation prosess. The atom-atom distances
are summarized in Fig.3. The Co-Ru distances decrease
with increasing oxidation states, but the Ru-Ru distance
increases with increasing Co oxidation state. The
shortening of the metal-oxygen bond length by
increasing metal oxidation state is interpreted as a result
of increased electrostatic attraction. The distance to the
harder cobalt ion is thus more decreased than that to the
softer ruthenium ions. The average increase in formal
oxidation state is also larger on cobalt than to
ruthenium ,1.0 and 0.5, respectively.

3.5+

3.5+
336

Fig.3. The atom-atom distances(A)
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Satoshi Kaida ' and Iwao Watanabe^
l)Technical Department, Matsushita Technoresearch Inc. 3-1-1, Yagumo Nakamachi,
Moriguchi, Osaka, 570, Japan
2)Departmennt of Chemistry, Faculty of Science, Osaka University, 1-1, Machikaneyama, Toyonaka, Osaka, 560, Japan
INTRODUCTION
Nickel(U) hydroxide being insulating material can be
oxidized in alkaline solution to give electroconductive
Ni(ni) complex. The electrochemical reduction of the Ni(III)
complex
yields electroconductive nickel(II) hydroxide.
The reversible redox reaction afterwards has been considered
to accompany proton diffusion taking place in the solid
phase.
It is known that the oxidation of /J-Ni(OH)2 induces the
change in a- and c-axis lengths during the process to form
Ni(IJJ) complexes, possibly NiOOH.l) Since the mechanism
of the redox reaction is not fully understood, the structure
change during the redox reaction was studied by the XAFS
method.2,3,4)
EXPERIMENT
Samples were prepared by electrochemical oxidation of
/3-Ni(OH)2. (1) 0%,(2) 25%,(3) 50%,(4) 75%. and (5)100%
oxidation product, and (6) the product of more than 100%
oxidation were obtained.
Ni K-edge X-ray absorption spectra by transmission
method have been obtained at BL10B of the Photon Factory.
The phase shift and backscattering amplitude values used for
the Fourier transform calculation were taken from the tables
by Teo and Lee, and McKale et al.

RESULTS AND DISCUSSION
The normalized XANES spectra shown in Fig.l indicate
considerable shifts in the main peaks position.
The peaks and the edge energies are in the order of (1) < (2) <
(3) <(4) <(5) < (6). The order is those of their oxidation
states.
The profiles of (1) and (2) differ from that of (3), (4), (5), and
(6). We can see a gap between (2) and (3).
A simulation XAFS spectrum for the 25% oxidation
product (2) was generated by summing the two spectra of (1)
and (6) in the proportion of 1 to 3. We describe this Fourier
transform spectrum as (7). The Fourier transform spectra
from (2) and the generated one (7) are shown in Fig.2. It is
interesting to find slight differences in Ni-O and Ni-Ni peak
positions between them.
The bond lengths for (2) are
longer than those foT (7). It is concluded here that the 25%
oxidation product still holds more of Ni(H) structure than that
expected for 25% oxidation product.
REFERENCES
l)Livingstone, A.,Bish, Mineral. Mag., £6, 1 (1982)
2)J.McBreen, W.E.OGrady, K.I.Pandya. R.W.Hoffman and
D.E.Sayers, Langmuir, 3, 428 (1987)
3)K.I.Pandya, R.W.Hoffman. J.McBreen and W.E.OGrady,
J.Electrochem.Soc, 137, 383 (1990)
4)K.I.Pandya, W.E.OGrady. D.A.Corrigan, J.McBreen and
R.W.Hoffman, J.Phys.Chem., £4, 21 (1990)
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Fig.2 EXAFS Fourier transforms for (2) and (7)

Fig.1 XANES spectra for Ni compounds
(1)0%.(2)25%,(3|50%.(4)75%. and (5)100% oxidation product, and
(6)lhe product ol more than 100% oxidation

(2)25%, (7)a simulation XAFS spectrum for the 25%
by summing the two spectra of (1) and (6) in the proportion of 1 to 3.
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plots gave one straight line within statistical
errors for all the different NaCl concentrations,
(as shown in Figure.) It is often said that in a
supersaturated states there are three kinds of
phases, such as metastable zone, nucleation zone
and precipitation zone. The specific protein
concentration might correspond to the boundary
between metastable zone and nucleation zone.

Understanding nucleation from the microscopic
viewpoint is evidently one of the most important
steps in rationally growing protein crystals.
Based on the interest in the nucleation stage of
protein crystallization, the aggregate formation in
under- and super- saturated solutions has been
already discussed in our papers. ^ )

References
1) N.Niimura, Y.Minezaki, M.Ataka &
T.Katsura; J. Cryst. Growth, I 3 J 671(1994)
2) Y.Minezaki, N.Niimura, M.Ataka &
T.Katsura; Biophys. Chem. Biophys.Chem., 5_8_
355(1996)
3) N.Niimura, M.Ataka, Y.Minezaki &
T.Katsura, Phvsica B213&214 745(1995)
4) N.Niimura, Y.Minezaki, M.Ataka &
T.Katsura; J. Cryst. Growth, 154 136(1995)

The SAXS measurements were performed by
using a synchrotron-radiation X-ray scattering
instrument for enzyme installed at BL IOC beam
line of the 2.5GeV storage ring in the Photon
Factory of the National Laboratory for High
Energy Physics, Tsukuba, Japan. The X-ray
wavelength used was 1.5A. The lysozyme
concentrations were varied from 3.0 mg/ml to
126.75 mg/ml and the NaCl concentrations were
fixed at 2, 3 or 5 wt%. Samples were contained
in a quartz cell, net thickness of which is lmm.
The temperature of the sample was 18.0°C.

flg96040507

A straight line was obtained in the Q range of
0.01 A-1 <Q<0.05A"1 when the Guinier plot
was carried out. The radius of gyration Rg was
extracted from the results. The aggregate volume
is estimated from Rg if it is assumed to be
sphere. The aggregate volume, V, vs. lysozyme
concentration, C, plot shows that in the solution
of a fixed NaCl concentration the data in the
highly supersaturated region fall on a straight
line, and moreover, the slope of the straight line
changes at a point of a specific protein
concentration. The crossing points at each NaCl
concentration have been estimated by least
square fitting of the two straight lines. The
obtained specific protein concentrations are
78.3mg/ml at NaCl 2wt%, 35.9mg/ml at NaCl
3wt%, and 12.2mg/ml at NaCl 5 wt%,
respectively. When we normalize lysozyme
concentration by CQ, the ( V - V Q ) VS ln(C/Q))

O

I
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2

-

1

0

Reduced Concentration

178

1

proposal No 92-G201
APPLICATION OF IMAGING PLATE TO SOLUTION X-RAY SCATTERING
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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).

Fig. I

104
o

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.

200

—

1—

Ftg.2
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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 value of
pixel is transformed into the s value, which is
defined by s=(2 sin 9)/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.
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BY SMALL-ANGLE X-RAY SCATTERING METHOD
Yoh SANO, Hideki MINOWA and Eiko KURAKAMI
National Food Research Institute, Tsukuba City, Ibaraki 305
the smaller Q-ranges, which indicates the presence of microgels. The abnormal structural change by the intensive presence of microgel was also
observed in cellohexaose. These microgels in
cello-pentaose and -hexaose may be formed by the
entanglement of each oligosaccharide chains structured like cellodextrins. When urea is added
in the aqueous solution of cellopentaose (• in
0.5M urea, A in 1M urea, respectively), intermolecular hydrogen bond breaks and the Guinier plot
was fitted well by almost straight line over the
wide Q-range. Under the strong alkali pH region
such as pH=12 the hydroxy groups of cellopentaose
can dissociate into ions and behaves as weak electrolytes. As is shown with rectangle, microgel
formation of cellopentaose were not observed in
this condition. Therefore, the 0-glycosidic linkage appears to be more flexible in the maltothan in the eello-oligosaccharides and the micro
gel formation occurs more easily in the cellooligosaccharide solutions.

INTRODUCTION
Oligosaccharides containing sequences of Dmannose or D-glucose linked by different glycosidic linkages are widespread in nature. Oligo
saccharide units occur as an inner core in both
soluble and cell surface glycoproteins of yeast,
fungi, higher plants and animals, and there are
anple indications that they play important biological roles, for example, in the stabilization
of protein conformation. Properties of the oligosaccharides include a decreasing water solubility
with increasing molecular weight, limited solubility in nonaqueous or partially aqueous solvents,
and a melting point which increases with increasing Molecular weight. The structural characterization of cellooligosaccharide and maltooligosaccharide in solution are, therefore, an important base for elucidation of the spatial arrangement of oligo- and polysaccharide chains.
In the present work, the size and shape of
oligosaccharides of cello- and malto- types in
solution were determined as a function of the
degree of polymerization (DP) by using the smallangle X-ray solution scattering (SAXS) method.
RESULTS AND DISCUSSION
SAXS experiments were performed with the optics
and detector system of SAXS, in the Photon Factory of the National Laboratory for High Energy
Physics, Tsukuba, Japan (BL10C). The net scattering intensities were calculated by subtracting
the scattering intensities of a blank solution
from those of the sample solution. Since the
scattered intensity I(Q) at smaller scattering
angles is generally approximated in terms of an
exponential function of the mean-square radius
of gyration of a solute, the radius of gyration
Rg can be evaluated from the initial slope of the
straight line by plotting the natural logarithm
of I(Q) against Q 2 (the Guinier plot).
The Guinier plots were approximated by almost
straight line in smaller DP regions in cellooligosaccharide and in wide DP regions of maltool igosaccharide. In this region, both parameters
of 1(0) and Rg increased almost linearly with the
increase of DP, as shown in Fig.l. However, for
higher DP regions of cellooligosaccharide such as
cellopentaose, the Guinier plot curved upward in

DP
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STRUCTURE DETERMINATION OF THE Si(lliy3xV3-Bi SURFACE
BY SURFACE X-RAY DIFFRACTION METHOD
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Institute for Solid State Physics, University of Tokyo
*The Institute of Physical and Chemical Research
The recent advance of synchrotron radiation
sources has enabled us to investigate crystal
surface structures by X-ray diffraction method.
Using the surface X-ray diffraction method, we
have investigated the structure of the
-Bi surface.2)
In the previous report, by analyzing the
absolute reflectivity of X-rays from the surface,
we got the conclusion that there exist two phases
of the Si(lll)/3xV3-Bi surface: the 1/3 ML
phase called the a-phase and the 1 ML phase
called the P- phase.2)
However, the Bi adsorption site of the a-phase
is yet unclear because in the previous report only
the 00 rod profile was analyzed and the 00 rod
profile dose not have any information on the
lateral atomic position.
The answer is derived from the analysis of the
12 rod profile that was measured in the Laue
geometry, in which the diffracted x-ray beam
penetrates the substrate crystal and goes away
from the rear surface. The reason why the 12 rod
profile is selected is briefly explained as in the
following. The candidates of the Si(lliy3xV3 Bi structure model of the a- phase are the T4model and the H3- model, which are associated
with the adsorption site, shown in Fig.l. The
structure factors of these two models are given as
for the T4 model and
for the H3.
model, where FBi and F s i are structure factors of
Bi adsorption layer and Si crystal substrate,
respectively and the origin of the lateral axes is
located on the T4 site. Therefore reflectivities of
T4- model and H3- model differ when (h+k)/3 is
not integer.
Thus the T4. model and the H3. model are
easily distinguished by the 12 rod profile
measurement. The fitting result of the 12 rod
profile shown in Fig.2 obviously denotes that
the
T4 model is suitable for the Si(lll)/3xv/3-Bi
surface of the a- phase structure.
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iron core of a 72A diameter[2]. Therefore, the
evaluation of the core size by the anomalous SAXS
experiment is considered to be accurate and reliable.

Introduction
Ferritin is the iron-storage protein and its 24
subunits form a roughly spherical protein shell
providing a cavity in which up to 4500 iron atoms
are stored as a hydrous ferric oxide. Anomalous
small-angle X-ray scattering (SAXS) is an effective
technique to study the structure of a core composed
of such a large number of iron atoms. In the
previous report[l], it was described that anomalous
terms in the scattering curves measured at various
wavelengths near the K absorption edge of ferric iron
were analyzed and that the size of the iron core was
evaluated. Here we report the result of SAXS
experiment for apoferritin solution. The core size
estimated from anomalous SAXS study is compared
with the size of the cavity obtained by determining
the hollow structure of an apoferritin molecule.

References
[1]Y. Inoko et al., PF Activity Rep. 12, xxx(1994).
[2]P. M. Hanna et al., J. Biol. Chem. 266, 886(1991).

Experimental
Apoferritin was prepared from horse-spleen
ferritin by stepwise dialysis against from 1 to 0.1%
thioglycolic acids in the presence of 0.1M Hepes and
0.1M NaCl at pH5.5[2]. The apoferritin solution was
purified by gel filtration on a Sephacryl S-300
column and dialyzed against 50mM phosphate buffer
(pH7.0). SAXS experiments were carried out at BL10C using X-rays of 1.488A wavelength. The
scattering patterns were recorded at camera settings
of 2 and 0.9m.
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Fig.l Guinier plot of the scattered intensity for
apoferritin at 7.8mg/ml in 50mM phosphate buffer.
S=2sin#/>1 where 20 is the scattering angle.
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Results and Discussion
Figure 1 shows a Guinier plot of the scattered
intensity at small angles for apoferritin solution. The
plot exhibits a very narrow linear region for the
Guinier approximation. The radius of gyration of
apoferritin was calculated to be 52.5±0.7A from the
slope of the straight line.
Figure 2 shows a scattered intensity curve of
apoferritin over a wider angular range, together with
a theoretical curve of a model. The scattering curve
was simulated with hollow sphere models. Hollow
spheres with an outer radius of 62-64A and an inner
radius of 38-40A were found to fit well the
experimentally observed curve up to the first four
maxima. These models give radii of gyration of 5254A, which are also in agreement with the
experimental value. This result indicates that the
iron-storage cavity in a ferritin molecule has a size
of 76-80A in diameter, allowing the existence of the
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Fig.2 Scattering curves of apoferritin solution of
9.9mg/ml(***) and a modej(
) of hollow sphere
with an outer radius of 63A and an inner radius of
39A.
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Macromolecuiar Research Laboratory, Faculty of Engineering, Yamagata University, Yonezawa 992,
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Introduction
Calmodulin (CaM) is a protein of small size which
appears in all eukaryotic cells and regulates many
significant cellular function as a versatile decoder of
Ca2* signals. The structure of Ca2*-saturated vertebrate
CaM in the crystalline state resembles a dumbbell in
which the N-lobe is connected to the C-lobe by a central
linker-helix of approximately eight turns. A pair of Ca**
binding sites is located in each of the lobes (Ca**-binding
sites I and II in the N-lobe, and III and IV in the C-lobe).
Much effort has so far been devoted to the study of
structure-function relationships of CaM. The major
questions are the functional differences among the four
Ca2* binding sites. The present study has focused on the
solution structure of yeast CaM alone and complexed
with model peptides in order to identify the low-affinity
and less active structure. As model peptides, we chose
mastoparan and MLCK-22 (a synthetic peptide
corresponding to residues 577-598 of skeletal myosin
light chain lei naze) in order to confirm the results obtained
with mastoparan.

calmodulin decreased from 21.1 to 19.9A when excess
Ca2* ions were added. The profiles of the distance
distribution function suggested that yeast calmodulin
without Ca2+ has a dumbbell-like shape which changes
toward a rather asymmetric globular shape, form its
dumbbell shape, by the binding of Ca1+. In the presence
of a calmodulin binding peptide such as MLCK-22, the
radius of gyration of yeast calmodulin decreased by 1.6A,
and the molecular shape of it estimated from the profile
of P(r) was globular but less compact than that of
vertebrate calmodulin. These results for the structure
of yeast calmodulin complexed with Ca1* and with Ca1*peptides are quite different from those of vertebrate
calmodulin. Thus the functional differences between
yeast and vertebrate calmodulin which reported
previously (2) have been interpreted on the basis of the
structure differences between them.
Moreover, the
structural studies on chimeric proteins of chicken and
yeast calmodulin suggest that Ca1* binding at site IV is
essential to form the full active dumbbell structure, which
is characteristic of vertebrate-type calmodulin.

Experimental
Mastoparan was purchased from the Peptide Institute
Co. The MLCK-22 peptide was synthesized on an
Applied Biosystem Model 431A Peptide synthesizer.
Bovine brain CaM and recombinant yeast CaM were
described elsewhere (1,2).
The solution X-ray scattering (SOXS) data were
obtained using the SOXS optics. The details of the
optics and instruments are given elsewhere (4,5). We
evaluated the radius of gyration (Rg) and the distance
distribution function (P(r)) as the structural parameters.

References

1) H-Yoshino, M.Wakita & Y.Izumi, (1993)
J. Biol. Chem. 268,12123-12128.
2) I.Matsuura, EKimura, K.Tai & M.Yazawa,
(1993) ibid. 268, 13627-13273.
3) H.Yoshino, Y.Izumi, K.Sakai, et al., (1996)
Biochemisty, in press.
4) T.Ueki, et al., (1983) KEK Progress Reports
83-1, Photon Factory Activity Report,
1982/1983, VI-70-VI-71.
5) Y.Izumi, M.Wakita, H.Yoshino & N.Matsushima,
(1982) Biochemistry 31, 12266-12271.

Results and Discussion
The structural parameters of CaMs obtained by SOXS
are compiled in table 1. The radius of gyration of yeast

Table 1. Structural Parameters of CaMs obtained by SOXS
Guinier analysis [Rg(A)l
CaMs
brain CaM
YCMO
C4Y
C4Y140E

P(r) analysis [dmax (A)]

-Ca2*
-Ca1* SCa2* 5Ca2*/MP 5Ca**/MLCK-22
5Ca1+ SCRIMP 5Ca**/MLCK-22
20.9
69
55
53
21.5
17.8
17.9
66
21.1
19.9
19.2
18.3
80
73
65
85
20.6
57
58
19.5
19.0
18.0
67
72
55
20.5
20.2
183
18.2
67
67
55
YCMO: recombinant yeast CaM/ C4Y: Alal-Ilel30of chiken + Aspl31-Lysl48 of yeast CaM/
C4Y140E: a single substitution of Glu for Gin 140 in the C4Y.
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Introduction
Gel Ian gum is a microbial polysaccharaide derived
from Pseudomonas elodea. Many important results on
the mechanism of gel-sol transition in gellan gum
solutions were obtained using phenomenological
methods. In particular, both type of cation and the
concentration affect the gel strength. Both monovalent
and divalent cations promote the gelation, but divalent
ions do so at much lower concentrations than monovalent
cations. The most suitable value exists in the concentration
of cation. However, these results have seldom
investigated from the structural view-point.
In the present work, the small-angle X-ray scattering
using synchrotron radiation (SR-SAXS) measurement
has been performed to study the mechanism of the gel-sol
transition of gellan gum solutions.
Fig. 1 The Holtzer plots for gellan gum solutions of
various concentrations without salt. The arrows
indicate two broad peaks around h=0.07 and
0.14A"1. 1: 0.5, 2: 2.0, 3: 4.0, 4: 5.0wt%.

Experimental
The sodium-salt type gellan gum was supplied by
Kelco Division of Merck & Co. Inc., Califomia,USA.
The number average molecular weight was 4.9xlO4 (1).
The gellan gum solutions were prepared according to
ref. 2.
The details of the SAXS measurements are
given elsewhere (3).
Results and Discussion
Fig. 1 shows the Holtzer plots for the gellan gum
samples without salt as a function of gellan gum
concentration at 25°C. The Holtzer plots at higher
concentrations than 3 wt% are characterized by a SAXS
at lower h than 0.04 A 1 and two peaks around h=0.07
and 0.14A 1 .
The gel is formed in this range of
concentration. The result suggests that an ordered
structure is formed in the gel. The ordered structure is
smeared, as the concentration increases.
Fig. 2 shows the Holtzer plots for the gellan gum
samples containing 2.0mM CaCl r From Figs. 1 and 2,
it is clear that the concentrations of both gellan gum and
CaClj significantly affect the SAXS behaviors. It is
known that the gel strength at 2wt% has a maximum at
around 2-3mMCaCl r Then, the Holtzer plot is
characterized by the appearance of three peaks around
0.05, 0.1 and 0.2A"', indicating an ordered structure in
the gel. The ordered structure is not appeared at much
higher concentrations (>5mM) of CaCl2, in which the
gel is brittle. The result indicates that gel strength is
regulated by the microscopic structure appeared in the
gel.

Fig. 2 The Holtzer plots for 1.0 (no. I) and 2.0wt%
(no. 2) gellan gum solutions containing 2.0mM
CaCl2. The arrows indicate three broad peaks
around 0.05,0.1 and 0.2A1.
References
1) E-Ogawa & FCOgino, (1994)
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2)EMiyoshietal..(1994)
Food Hydrocolloids, 8,505,542.
3) T.Ueki, et al., (1983) KEK Progress Reports
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1. The Graduate School of Science and Technology, Kobe University. 2. Department of Earth and Space,
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Introduction
Structural information of non-native
conformers such as folding intermediates and
denatured states is essential to solve the protein
folding problem. So far we have investigated
methanol-induced conformational transitions of
cytochrome c (cyt c) at acidic pH values with a
combined use of the far- and near-UV CD,
fluorescence, NMR spectroscopy and found two
methanol-induced non-native states1'. First,
addition of intermediate concentration (ex. 20-25%
at pH 3.0) of methanol induced a compact denatured
conformer (IM)- Further addition of methanol
transformed this IM state into the expanded and
highly helical denatured state (H). The
compactness and the shape are two important
properties of a protein molecule characterizing the
non-native structure. Small angle X-ray scattering
(SAXS) would be the best available technique for
elucidating these properties of a protein. Therefore
we used SAXS technique to structurally characterize
two methanol-induced denatured states.
Results
The radius of gyration (Rg) value of the IM
state (25% methanol and pH 3.0), 17.7 A, obtained
from the Guinier plot of SAXS data is significantly
larger than 14.6 A for the native state (pH 4.5), but is
far smaller than 31.7 A for the alcohol-denatured
state (60% methanol and pH 2), 30.1 A for the aciddenatured state (pH 2), and 32.1 A for the ureadenatured state (4.5 M urea and pH 2). The value
is close to 17.4 A for the anion-induced molten
globule state (0.5 M KC1 and pH 2).
Kratky plots for 0% to 30% methanol at pH 3.0
clearly showed globular patterns. By increasing
methanol concentration up to 50%, the
conformation of the protein transformed from a
globular into a coil-like shape. Figure 1 shows the
Kratky plots for the IM and H states superimposed
on those for the typical conformational states of cyt c.
We found that the plot for the IM state is closely
similar to that for the anion-induced molten
globule state, while the plot for the H state is similar
to that for the acid-denatured state.
Discussion
From the SAXS and CD, fluorescence, NMR
spectroscopy, we concluded that the IM state is a
compact globular denatured state with a
significantly native-like helical content but with a
disordered tertiary structure. All the structural

features of the IM state of cyt c share commonness
with the anion-induced molten globule state (MG)
of this protein.
The H state had a helical content much
higher than the native state monitored by far-UV
CD spectroscopy. However, the observed Rg value
for the H state, 31.7 A, is close to the values for the
acid-denatured state (30.1 A) and the urea-denatured
state (32.1 A), indicating that the polypeptide chain
in the H state is expanded to a similar degree in the
two denatured states. The Kratky plot in Figure 1
demonstrates a complete lack of globularity and a
highly disordered chain conformation close to a
random chain for the H state. All the results
summarized, we conclude that the H state of cyt c
has a considerably expanded and chain-like
conformation with an extremely high helical
content.

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Q (A'1)
Fig. 1. Kratky profiles of cytc in the IM( t ) , H
(A ), native (N; + ), acid-denatured (D; ^ ), and
anion-induced molten globule (MG; O ) states at 25
°C. The experimental conditions were as follows:
pH 3.0 and 25% methanol for the IM state; pH 1.7
and 60% methanol for the H state; pH 4.5 for the N
state; pH 2.0 for the D state; pH 2.0 and 0.5 M KC1 for
the MG state. The protein concentrations were
kept at 10 mg/ml for all the profiles.
Reference
1) Y. O. Kamatari, T. Konno, M. Kataoka and K.
Akasaka. (1996)/. Mol. Biol. in press.
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Introduction
Poly(Y-bcnzyl L-glutamatc) (PBLG) was the polymer
chosen for this work, primarily due to solubility in
common organic solvents and degree of chain rigidity.
The rod-like shape of the polymer in both the solid state
and in solution is the result of an a-hclix stabilized by
hydrogen bonds. The phase separation and gelation of
PBLG were studied in an effort In understand the
mechanism by which microccllular materials are made
via thermally induced phase separation processes. PBLG
pel is characterized by the two-stage melting and the
possibility as a new microcelluar foam material is
presented (I).
In this work, the two-step melting of PBLG/benzenc
gel has been studied by small-angle X-ray scattering
using synchrotron radiation (SR-SAXS).
Experimental
PBLG was synthesized by the NCA method. The
viscosity average molecular weight of PBLG is about
33\1O4.
PBLG/bcnzene gels with three different
concentrations (3.0, 6.7 and I3.3wl9f.) were prepared as
follows: after the annealing at 75oC for nl least 24 hour,
the gels were quenched to lOoC. The details of the SRSAXS are given elsewhere (2).

Photon Factory Activity Report, 1982/1983, vi-70-vi-71.
3) I.Uemalsu & Y.Uematsu, (1984)
Adv. in Polym, Sci., 59,37.
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Results and Discussion
Fig. I shows the Guinier plot of the cross-section
factors of PBLG gel at 6.7wt% as a function of
temperature. The resulting values for the radius of
gyration of the cross-section Re and the mass per unit
length Me rapidly decrease accompaning with the twostep melting. The value of Re is almost prortional to
thai of Me in the range of the temperature. Fig. 2 shows
the value of Re of PBLG gel at 6.7wt% as a function of
temperature. The value of Re decreases from 9.6A to
8.4A in the 1st melting and from 8.4A to 4.6A in the
2nd melting. The value of 4.6A corresponds to Re of
single a-hclix of PBLG.
The mechanism of the two-step melting is considered
as follows. The starting point is the model for networks
formed by aggregation of rigid rodlikc polymer proposed
by Ucmatsu (3). The cross-links first melt and then the
parallel aggregates of PBLG are separated into single
a-helix.

Fig. 1 Guinier plot of the cross-section factors of
PBLG/benzene gel at 6.7wt% as a function of
temperature.

V

s.

•a
OS

•

•

•

4.

20

40

«0

lem permlure/*C

References
1) C.L.Jackson & M.T.Shaw, (1990) Polymer, 31, 1070.
2) T.Ueki el a l , (1983) KEK Progress Reports 83-1,

Fig. 2 Radius of gyration of the cross-section Re of
PBLG/benzene gel at 6.7wt% as a function of
temperature.
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Introduction
monotonically with co and the <o dependence
Fibers made by spinning of segmented
becomes smaller as [NCO]/[OH] increases.
polyurethaneurea (SPUU) solutions are
G"(o>) is always larger than G'(<o) at low
regarded as one of important materials having
[NCO]/[OH]'s, i.e., 1.4 and 1.5. At
high elasticity, e.g., Spandex. However, the
[NCO]/[OH] = 1.6, G'(co) and G"(«) curves
mechanical properties of SPUU fibers are
approach each other and become collinear. For
significantly depressed if those are spun from a
[NCO]/[OH] = 1.7 and 1.8, G'(to) has a slope
spinning solution containing gelled SPUU.
smaller than G"(a>) and also G'(o>) becomes
Therefore, the microstructure and mechanical
larger than G"(o>). Such a cross-over of G'(o>)
properties of SPUU in concentrated dimethyl
and G"(co) is commonly observed in a gelation
acetoamide (DMAc) solution were investigated
process of polymer solutions. The gelation
as a function of the hard segment content by
threshold is defined as the point that G'(co)
means of small-angle X-ray scattering (SAXS)
exceeds G"(o>), i.e., G'(w) = G"(co). Similarly,
and viscoelastic measurements, respectively.
we regard the curves at [NCO]/[OH] = 1.6 as
Experimental
the gelation point for SPUU solutions.
SPUUs supplied by Asahi Chemical
As a result, both SAXS and viscoelasticity
Industry Co. Ltd., Japan consist of soft
indicate the formation of microstructure with
segment [poly(tetramethylene glycol)-4,4'increasing [NCO]/[OH].
diphenylmethane diisocyanate (PTMG-MDI)]
25
[NCO1/[OH]
and hard segment [ethylenediamine/diethylo 1.4
amine-MDI (EDA/DEA-MDI)]. The SPUUs
• 1.6
1.7
have different ratios of isocyanate to hydroxyl
0 1.8
groups, [NCO]/[OH]'s (1.4, 1.5, 1.6, 1.7, 1.8).
The larger the [NCO]/[OH] becomes, the
higher the fraction of hard segments in the
SPUU polymer becomes.
Results and Discussion
Figure 1 shows the Kratky plots (q2l(q) vs
q) of SAXS intensity functions for samples
with polymer concentration, C p , of 35 wt%. q
0.02
0.04
0.06
0.08
0.10
0.12
is the magnitude of the scattering vector.
q [A -' ]
Although there is no peak in q 2 l(q) for
Figure 1 Kratky plots of SAXS intensity
[NCO]/[OH] = 1.4, a scattering maximum
functions.
appears in q 2 l(q) for SPUU solutions with
1
1
[NCO]/[OH] ;> 1.6 at around q = 0.05 A .
1.7
[NCO]/[OH]=1.8
1.6 1.5 1.4
This peak increases with [NCO]/[OH]. The
o
c
long period of this microstructure, L (•
5 2n/qmax), is estimated to be about 125 A, where
T ? ? ' AA # O
qmax is the peak position in the scattering
A ^
-• °
4curves. Since q max has little dependence on
i
a
[NCO]/[OH], it is obvious that the contrast
•V
-l
y
;
•
0 o
a 3A
between the hard and soft segment domains
0
o o
increases with [NCO]/[OH], while keeping a
1
Cp = 35 wt%
constant L.
2°
temp.= 25 "C
Figure 2 shows the frequency dependence
4
2
0
2
4
of dynamic storage and loss shear moduli,
A + log (w /sl)
H
G'(co) (open symbols) and G (<o) (closed
Figure 2 Frequency dependence of G'(ca)
symbols), for 35 wt% solutions with different
(open symbols) and G"(m) (closed symbols).
[NCO]/[OH]'s at 25 °C. The curves were
References
shifted horizontally by factor A to avoid
1)
F.Ikkat,
M.Shibayama,
H.Kashihara, and
overlap. Both G'(OJ) and G"(w) increase
S.Nomura, submitted to Polymer.
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Magnetic Field Dependent Phase Behavior of Supermacromolecule Liquid Crystal
Mitsuhiro Hirai,1 You Sano,2 Shigeki Arai,1 Sadato Yabuki,1 Toshiharu Takizawa,1 Toshihiro Hirai,3
Katsumi Kobayashi,4 and Yoshiuki Amemiya4
1
Faculty of General Studies, Gunma Univ., Maebashi 371, 2National Food Research Inst.,
Tsukuba 305, 3Faculty of Textile Science and Technology, Shinshu Univ., Ueda 386, 4 Photon
Factory, KEK, Tsukuba 305.
Introduction
As we have already reported elsewhere,1
the application of magnetic field to a nematic liquid
crystal of the supermacromolecules (TMV
(Tobacco Mosaic Virus), 180 A in diameter, 3000
A in height) induces the drastic change of the
scattering profile. The analysis of the time course
of the change of the scattering intensity and profile
can provide us a magnetic-field orientational
relaxation time of the nematic multidomains to
form a single domain. We have measured the
magnetic-field dependence of the relaxation time
and the domain size in the TMV nematic liquid
crystal phase. In addition we have found an
evident lyotropic liquid crystal phase transition
from a nematic phase to smectic phase at a much
higher TMV concentration. The behaviors of the
smectic liquid crystal TMV dispersions under the
magnetic field have been also observed.

-molecular translational ordering. At the smectic
phase the application of the magnetic field did not
induce any rotational orientation of the domains.
The detailed analysis is in progress.
6 10

0 10°
0.8

1

1.2

1.4

magnetic field strength (tesla)

Experimental
The supermacromolecule used for the
present experiments was TMV whose structure is
well known to have the cylindrical structure as an
ideal model system of hard rods. TMV viruses
were dispersed in 10 mM phosphate buffer at pH
7.2. The solute concentration was varied from
106 mg/ml to 266 mg/ml, and the magnetic field
strength from 0.84 tesla to 1.4 tesla. Small-angle
X-ray scattering measurements were performed by
using X-ray scattering spectrometer for enzymes
(SAXES) installed at BL10C line in the PF of
KEK. The exposure time was 60 s for each shot
in the time-transient measurements. The magnetic
field was applied by using a high-performance
magnetic circuit as reported elsewhere.2
Results and Discussion
Fig. 1 shows the magnetic field
dependence of the orientational relaxation time
and the estimated domain size of the nematic
liquid crystals. The increase of the field strength
induces the decrease of the size of the nematic
domains which can rotate to align along the field.
The domain size is mostly in the same order of a
magnetic coherent length. Fig. 2 shows the
lyotropic phase transition of the TMV suspension
from a nematic phase to a smectic phase. At the
highest concentration we can recognize the higher
oider correlation peaks resulting from the inter-

Fig.l. Magnetic field dependence of the
orientational relaxation time and the estimated
size of the nematic domains. Full and open
circles, 106 mg/ml TMV; Full and open
squares, 88 mg/ml TMV.
TMV cone*
106 mg/ml

0.1

0.15

0.2

q (1/A)
Fig.2. Concentration dependence of the
scattering curve of TMV dispersion.
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STRUCTURE STUDY OF EPOXY RESIN DURING THERMOSETTING PROCESS
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Introduction

ther investigate the correlation between the SAXS
profiles and the structures of epoxy resins, we are now
preparing for the measurements using other harder.

The epoxy resin is one of the most popular thermosetting resins. It is well known that this resin shows
insulating, heat-resisting, and chemicals-resisting
characters. These various characters are utilized in industry, laboratory and various fields. The dynamic
observation during curing process of thermosetting
resins is of interest for material science as well as industrial application. Generally, the curing process of
thermosetting resins from the liquid state to the solid
state is characterized by gelation and vitrification, as
shown in Fig. 1.u > In this study, the structure change
of epoxy resin during thermosetting process was investigated by time resolved SAXS measurements.

Vitrification
J

i

Lsevw ijiciuujn

1
•»>«.

x)- Gel Glass

Gelation y

gelT,

Increasing Tg
Liquid
Sol Glass

Log Time
Fig. 1 Generalized time-temperature-transformation (TTT)
cure diagram. (T „: the glass transition temperature(T()
of the fully cured resin, gel T f : T ( of the gel, T^ : Tf
of the uncured resin)

Experimental
The epoxy resin used as a sample is Epon 815
and a harder is Epon DMP-30 (2,4,6-Tris
(dimethylaminomethyl) phenol, 5% by weight). The
weight-averaged molecular weight of Epon 815 was
330. A sample cell was kept at constant temperature
of 40 °C during the measurements. The SAXS measurements were carried out at BL-10C of KEK-PF.
Results and Discussion
Figure 2 shows the SAXS profiles at several
different curing times. As time passed, a central peak
became broad and the intensities increased in all q
range. However, at curing time of 104s, the appearance of a peak at 3.5nm ' is worth noting, and the intensities in lower q range decreased. For the present,
the change of profiles and the appearance of the peak
is not known. However, the decomposition of the
harder seems to be the most probable, and the possibility of the formation of small structures as pores in
gels made by side chains still remains. In order to fur-

Fig. 2 SAXS profiles of epoxy resin at several curing times.
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Introduction

the double helix unfolds first at the ends, not at the

The native a -tropomyosin molecule comprises
two 284 residue right-handed a • helical
polypeptidechains setsidebyside in parallel and
in register and given a slight, lefthanded
supertwist1 In the absence of interchain crosslinks,
the double helix unfolds to two separated,
randomly coiled chains as the temperature is
raised. The purpose of this investigation is to
study which part of the double-helical, rodlike
dimer unfolds first with temperature by comparing
the observed scattering curves with the theoretical
particle scattering function P( 0 ) for two typical
models. Model I corresponds to the conformation
realized when the molecule unfolds first by fraying
at both ends of the double-helical rods, and model
U. to the conformation realized when the middle
part unfolds first P( 6 ) were computed by
modifying the previous results for broken-rodlike
chains.2

middle as temperature increases. The presentresult
of the investigation was recently published.'

(R)
—S

nooEi n

rr

(0)
MODEL I I

Experimental
TTT

The SAXS was measured with the equipment
installed in BL-10C for samples having protein
concentrations = 6.3 mg/mL at 10—50 "C. The
helix fraction (g) at each temperature was
estimated to be 0.95 ~ 0.40.

Figurel Comparison between the observed scattering
and the theoretical scattering functions for models I
(solid curve) and D (dotted curve) at 10 tj (A) and
40 X: (D).
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The observed sacttering curve was compared with
P{ 0 ) for the two models. Two examples are
shown for the data at 10 £ (g=0.95) and 40 TC
(g=0.40) in Figure 1 A and D, respectively. In
conclusion, the scattering curves
for a tropomyosin obtained in the temperature

range less than 40 "C support the suggestion that
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Introduction
The effect of D2O concentration on the micelle In neat H2O the thickness of both micelles is 24
formation of three isomeric taurin conjugated A, equal to the length of the bile salt molecules.
bile salts, sodium taurodeoxycholate (NaTDC), Thus, the present results suggest that NaTUDC
micelle grow by stacking of the disk micelles, in
sodium taurochenodeoxycholate (NaTCDC), and
sodium tauroursodeoxycholate (NaTUDC) in contrast with the increase in diameter of the
aqueous solution was previously investigated at disk for NaTDC. The present results strongly
high concentrat ons of the bile salts (CB = 100 support a mono-molecular disk model for the
micelles.
mM ) and added sodium chloride ( Cg = 0.5, 1.0
M) by small-angle X-ray scattering.*^) It has
been found that with increasing D2O
composition at high C% = 100 mM and low Cg =
0.5 M the disk-like micelles of NaTDC and
NaTCDC do not grow, while the size of NaTUDC
disk-like micelles increases in Rg and Re. The
purpose of this experiment is to examine the
micellar growth of disc-like micelle of NaTDC
and NaTUDC with increasing D2O composition at
low CB and high Cg in terms of the radius of
B0 100
20 40
gyration (Rg), the radius of intersection (Re),
DO/%
and the thickness of the micelles. The change in
Fig. 1. The D2O effect on Rg (open symbols)
the thickness of the disk micelle with the D2O
and Re (filled symbols) of NaTDC O, • and
content will give us a hint on stacking of the
NaTUDC A, A micelles at (% =5 mM, Q = 1.0
disk-like micelles to a rod-like micelle.
M, and 25"C .
Experiment
The 5 mM bile salt solutions containing sodium
chloride ( 0$ = 1.0 M) and different D2O
contents (0, 25, 50, 75, 100%) were measured by
small-angle X-ray scattering at BL10C of KEKPF. The analysis of the data was done by the
Guinier method.
Results and Discussion
The values of Rg and Re obtained are plotted
against the D2O content in Fig. 1. With
increasing D2O content the NaTDC micelles
gradually grow whereas NaTUDC micelles show a
0 0 / *
little growth. Under these conditions both
Fig. 2. The D2O effect on the thickness of the
micelles seem to be the disk-like. The
NaTDC O , and NaTUDC A micelles at C^ =5
thickness of the micelles was estimated by the
thickness plot and is shown in Fig. 2. With
mM, G; = 1.0 M, and 25°C .
increasing D2O content the thickness of the
References
NaTDC micelles increases a little, whereas that
1) Y. Murata et al., PF Activity Report, 1 3
of the NaTUDC micelles increases significantly.
(1995) in press. 2) T. Yamaguchi et al., PF
Activity Report, 1 8, 273 (1992).
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SMALL-ANGLE X-RAY SCATTERING STUDY OF LONG CHAIN POLY(OXYETHYLENE)
SURFACTANTS IN AQUEOUS SOLUTION
Yasuhiro MAEDA. Yoshio MURATA. Toshio YAMAGUCHI. Hisanobu WAKITA. Mitsuru TANAK.A.
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Introduction
Deca-. eicosa-. triaconta-, and tetraconta(oxyethylene)
/?-dodecyl ethers. Ci2H25O(CH2CH2O)nH abbreviated as
Ci2En(n=10. 20, .10. and 40). are nonionic surfactants
which are widely used as emulsifying, washing, and
solubilizing agents. Previous surface tension experiments
on aqueous solutions of Ci6En(n=10, 20. 30, and 40)
showed that the critical micelle concentrations of these
surfactants decrease as n increases^. 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.
An increasing spiral configuration due to the TGT
(Trans-Gauche-Trans) conformation of poly(oxyethylene)
chain may change the property of oxyethylene groups as
ihc poly(oxyethylene) chain length becomes extremely
long. In the present study, we have performed SAXS
measurements to determine the shapes and sizes of C^E,,
(/;=10. 20. 30. and 40) micelles and examine the effect of
poly(oxyethylene) chain length on micelle formation.

3

4 -

Fig. 1. SAXS curves and fitting results of the prolate
ellipsoid model for the micelles in 7 mM CnE,,(/r=10,
20,30, and 40) aqueous solution at 24.8 t .
Table 1. The values of radius of gyrations Rg, long axis
a, and short axis b of the prolate ellipsoid model for
the micelles in 7 mM Ci2En(w=10, 20, 30, and 40)
aqueous solution at 24.8 °C.
alb
Surfactant
a/A
A/A
Rg/A
36.6
69.4
30.6
2.3
C12E10
38.7
36.8
1.9
69.2
C12E20
39.2
69.7
37.6
1.9
C12E30
1.8
C12E40
37.9
67.3
36.5

Experiment
C,:En(/7=M>. 20. 30. and 40) were supplied by Nihon
Surfactant Industry Co. Ltd. in Japan. These samples
have narrowly distributed poly(oxyethylene) chain
lengths. SAXS measurements were performed at BL-10C
of KEK-PF. The concentrations of the surfactants
prepared were 1. 2. 3. 4. 5. 6, 7. and 10 mM in water
distilled three times; the temperatures of the solutions
were 24.X. 40.0. and 56.2 °C

of each surfactant was increased, the values of a and h
were both elongated for the Ci;Eio micelle, almost
constant and elongated, respectively, for the C12E20
micelle, and shortened and elongated, respectively, for
both C12E30 and C12E40 micelles. These results are
interpreted in such a way that the poly(oxyethylenc)
chains in the hvdrophilic portion of the micelles are
entangled with one another as the poly(oxyethylene)
chains are elongated.
[II| The effect of temperature
When the temperature was increased, the values of a
for the Ci2En(/7=10. 20, 30. and 40) micelles were
lengthened, in particular, for the C12E10 micelle, while
those of b for these micelles were almost constant. Thus,
these micelles grow from prolate ellipsoid to rod-like as
temperature is increased. These results suggest that the
water molecules expelled on the hydrophilic portion of
the micelles are dehydrated and the hydrophilicity of the
surfactants is decreased at the elevated temperature.

Results and Discussion
The sphere, oblate ellipsoid, prolate ellipsoid, and
cylinder were examined as models of the Ci2En(w=10. 20.
30. and 40) micelles. The micellar shape and dimension
were determined by comparing the SAXS curves
measured with the ones calculated on these models by
performing a least-squares fitting procedure with long
and short axes a and b as adjustable parameters and
constant radius of gyration Rg estimated by the Guinier
plot in the region O«Rg~\ As a result, we found that the
prolate ellipsoid is the most suitable model for these
micelles. The measured and calculated SAXS curves are
shown in Fig. 1.
[I] The effect of the surfactant concentration
The values of Rg. long axis a, and short axis b for the
micelles in the 7 mM C|2En(/7=10. 20. 30, and 40)
solutions are shown in Table 1. When the concentration

Reference
1). K. Ogino et al.../. Am. Oil Chem. Soc. 65. 405 (19XX).
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COCRYSTALLIZATION AND PHASE SEGREGATION PHENOMENA IN
POLYETHYLENE BLENDS OF DEUTERATED AND HYDROGENEOUS SPECIES:
STRUCTURAL CHANGE OF CRYSTALLINE LAMELLAE
DURING THE ISOTHERMAL CRYSTALLIZATION FROM THE MELT
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Richard S. STEIN,*3 and Katsumi KOBAYASHI*4
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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. They exhibit the cocrystallization
and/or phase segregation phenomena depending
on the degree of branching of the hydrogeneous
species when the blends are slowly cooled from
the melt. In order to clarify the origin of these
phenomena we have to understand the basic
concept of the crystallization mechanism, in
particular the crystallization kinetics, of
polyethylene itself from the molecular level.
we have performed the temperature jump
experiments, during which the small-angle Xray 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 obtained SAXS data were used for the
calculation of the correlation function K(z)
which is defined as below.
K(z) = j4Jts 2 I(s) COS(2JISZ) ds

the quantity x(nc - T]a)2 associated with the time
dependence of the thus evaluated do, dtr,
do+dtr, and x(ric - iia)2; the used sample was
the linear low-density polyethylene sample
[LLDPE(2)] with ca. 17 ethyl branchings per
1000 carbon atoms, where the degree of
supercooling AT was 4.5°C [the AT is defined
as AT = T°c - Tc where T°c is the quasistatically determined crystallization temperature
and Tc is the actual crystallization temperature
used in the experiment]. From this figure we
may say that the lamellar thickness is increased
rapidly at the early stage of the isothermal
crystallization and saturated afterwards. The
increment of x(t]c - Tla)2 or the crystallinity
increases more slowly, suggesting that the new
lamellae might be generated between the
initially generated groups of lamellae and the
number of these newly grown lamellae
increases with a passage of time.
1 .5
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where s = 2 sinBA, I(s) is the scattering
intensity and z is the 1-dimensional positional
coordinate. K(z) is correlated also with the
electron density distribution r\(z) as shown in
the above second equation. From the thus
calculated K(z), the structural information of
the generated lamellae has been deduced: dtr =
the boundary thickness of the lamella, do = the
net lamellar thickness, <d> = the averaged
degree of crystallinity x. Figure 1 shows the
thickness of the lamella, L = long period, and
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Figure 1. Tune dependence of lamellar structural
parameters during isothermal crystallization process.
References K. Tashiro et &L,Macromolecules, 2 5 ,
1801,1809 (1992); 27, 1221,1228, 1234, 1240
(1994); 2 8, 8477, 8484 (1995).
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STRUCTURE OF GIANT MICELLES IN AQUEOUS SOLUTIONS OF SURFACTANTS
Tadashi KATO', Hiroshi IUIMAi. and Hirohisa YOSHIDA*
1 Department of Chemistry, Tokyo Metropolitan University, Minamiohsawa, Hachioji, Tokyo 192-03
2 Department of Industrial Chemistry, Tokyo Metropolitan University, Hachioji, Tokyo 192-03
Introduction
In recent years, much attention has been paid to the
structure and dynamics of semidilute and concentrated
solutions of surfactants." In the previous study*), we have
measured static and dynamic light scattering and pulsedgradient spin echo on aqueous solutions of nonionic
surfactants CnHIn+1(OC2H4)OH (C£m). From the results,
entanglement of wormlike micelles has been suggested in a
certain temperature range. In the more higher concentration
range, on the other hand, liquid crystal phases exist
Recently, we have found that the nematic phase exists
between (he hexagonal phase and the isotropic micellar
phase in C 16 E 7 -D 2 O system. The nematic phase is composed
of rodlike micelles whose lengths are much shorter than in
the hexagonal phase. It is then expected that the micelle
aggregation number decreases with increasing concentration
as the solution approaches the nematic phase. In the present
study, we have measured small angle x-ray scattering (SAXS)
in order to elucidate the change in the micelle structures in
the vicinity of the boundary between the isotropic phase and
nematic phase.

of water molecules attached to the oxyethylene group. If we
assume that the minor axis a,, is equal to the extended length
of hydrophobic chain, I(q) can be expressed in terms of the
aggregation number m and hydration number per
oxyethylene unit h. In the calculation of S(q), only the
excluded volume interactions are taken into account
Figure 2 shows best fit for the scattering curve for
prorate ellipsoid. The fitting parameters are m = 200 and h
=1 (corresponding to b/a = 2.5), suggesting that micelles
are relatively small even in the isotropic phase.
References
1) M. E. Cates and S. J. Candau, J. Pkys. Condens. Matter,
2, 6869 (1990).
2) T. Kato et al.. J. Phys. Chem., 94, 7255 (1990), 97.
3910 (1993), Langmuir, 10, 4468 (1994), 11, 1867
(1995).
3) H. Yoshida et al., PF Activity Report, 10, 272 (1992).

Experimental
Water was degassed before dissolving the sample in order
to avoid an oxydation of the surfactant.
SAXS measurements were performed at BL-10C by using
the DTA/SAXS instrument reported before3) and a sample cell
made of copper with mylar windows. The sample thickness
is 1 mm.

0.25

Results and Discussion
Figure 1 shows examples of SAXS spectra observed for the
29wr% solution at 28% (nematic phase) and 42% (isotropic
phase). We have analyzed the observed scattering curve by
using the following equation for the SAXS intensity.
Kq) = n [<F(q)2> + <F(q>2 (S(q) - 1)]
<F(q)2> 3 J | F(q,x) I *dx = P(q)
<F(q)>23[$ F(q.x)dxF
W

Fig. 1 Observed SAXS spectra of 29wt% solution at 28%
(nematic phase) and 42% (isotropic micellar phase).

F(q,x) S(Bc-B s )V e PJ(Uc)/uc ]+ (B,-BW)V Pj(u)/u]

u s qa[x* +
where n is the number density of micelles, S(q) the structure
factor, B c B, and B w are the scattering length density of
micellar core, micellar shell, and water, respectively, Vc and
V are the volumes of micellar core and whole micelle,
respectively, a and b are the minor and major axis of
ellipsoid. The quantities B, and V are affected by the number

0.1

0.15

0.2

0.25

Fig. 2 Theoretical fit to scattering curve on the basis of Eq.
1 (m=200 and h=l).
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Introduction
Polystyrene-WocA:-polybutadiene-Woc£poly styrene (SBS) triblock copolymers are
widely used as thermoplastic elastomers. It is
well known that the elastomeric properties
strongly depend on the morphology of the
microdomain structures. Therefore, change in
the domain structures deserves the fundamental
research problem. We previously reported1 that
this sample formed
a
non-equilibrium
morphology of polybutadiene (PB) cylinders
when cast from its methyl ethyl ketone (MEK)
solution where MEK is a selective solvent, i.e.,
good for polystyrene (PS) chains but poor for
PB chains. The PB cylinders transformed into
lamellae through coalescence when the samples
were annealed at temperatures above the glass
transition temperature of PS. In order to discuss
quantitatively the morphological transition and
the subsequent lamellar ordering, we conducted
time-resolved small-angle X-ray scattering
(SAXS) measurements and analyzed temporal
change in the measured SAXS profiles.

plotted against q [= ( 4 J I A ) sin(6/2); 8: scattering
angle, \ : wavelength of the X-ray]. In Figure
l(a), one can see clearly deceasing of peaks
("V3" and "2" diffraction peaks). These peaks
are ascribed to the interparticle interference of the
hexagonally-close packed cylinders. Evolution
of a peak ("3" diffraction peak), which is
ascribed to lamellae, can be seen in Figure l(b).
We conducted peak decomposition and evaluated
decay rates for deceasing cylinders and for
ordering lamellae from temporal changes in the
peak area for thus decomposed individual
diffraction peaks. Then, we evaluated apparent
activation energies for the coalescing cylinders
and for the ordering lamellae from the Arrhenius
plot for the decay rate as a function of the
annealing temperature.
These values were
approximately in accord with each other and also
identical to the value evaluated from the
rheological measurements with an oscillatory
shear flow. Based on these experimental results,
we discussed the mechanism of lamellar
ordering. Local dissociation-and-recombination
of the wavy lamellae was considered to be the
most realistic model for the spontaneous
formation of the well-ordered lamellar structures
with considerably small activation energy.

Experimental
The number-average molecular weight, M«, the
heterogeneity index, MWM/i, and the weight
fraction of PS, wPS, were determined to be 6.31
x 104, 1.15, and 0.56, respectively. The film
samples were obtained by evaporating the
solvent MEK from ca. 5 wt% polymer solution
at room temperature. Time-resolved SAXS
measurements were performed to investigate the
kinetics of the morphological transition. We
used synchrotron radiations as an X-ray source
at the BL-10C beam line in the Photon Factory.
The wavelength, X , was 0.1488 nm. The
measured scattering intensities were corrected for
air-scattering, for absorption due to the sample,
and further for the thermal diffuse scattering
arising from density fluctuations. Thickness of
the samples were about 0.5 mm.

References
1) S. Sakurai et al. Macromolecules 26, 485
(1993).

q ( nm

)

q ( nm ' )

Fig. 1 Temporal changes in the SAXS profiles
for the T-jump to 114 °C, where the scattering
intensity I(q) is plotted against q with the range
(a) 0.30 s q s 0.55 run"1 and (b) 0.60 s q s 0.75

Results and Discussion
Figure 1 shows temporal changes in the SAXS
profiles for temperature jump (T-jump) to 114
°C, where the scattering intensity I(q) was

nm
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INTRINSIC OPTICAL AN1SOTROPY OF SOUTHERN BEAN
MOSAIC VIRUS IN COMPACT STATE
Yoh SANO and Eiko KURAKAM1
National Food Research Institute, Tsukuba City, Ibaraki 305
INTRODUCTION
The plant viruses contain different aiounts of
nucleic acid and proteins, although some of these
viruses produce nucleic acid-free isometric particles. The former consists of various kinds of
amino acid residues and the latter consists of a
long backbone of alternating sugar and phosphate
residues with one of five different purine or pyrimi dine bases attached to each sugar residue. Th
ese residues have an anisotropic structure.
A particle constituting each residual structure
has two kinds of optical anisotropy; i.e., "intrinsic" and "fora" anisotropy. The forn anisotropy
is the optical anisotropy caused by anisonetry.
For the intrinsic anisotropic particle, the refra
ctive index of the dispersed phase may vary depen
ding on the vibration direction of the electric
vector.
Southern bean mosaic virus (SBMV) is a small
icosahedral plant virus of average diameter 28.4
na with a mass of 6.6xlO6. The. RNA, which is enca
psulated by coat protein, comprises 21% of the to
tal particle weight. In the coat protein having 1
80 subunits in SBMV, there are three quasi-equiva
lent subunits A,B and C whose individual conforma
tions are slightly different. The A subunits clus
ter about fivefold vertices whereas sets of three
B and three C subunits cluster about quasi-sixfol
d vertices. SBMV is believed to be isometric vir
us and the intrinsic (structural) anisotropy abo
ut the principal particle refractive indices have
not been hitherto discussed in detail.
In the present paper, the intrinsic anisotropy
parameter of SBMV particle in compact spherical
state was calculated with small-angle x-ray solution scattering (SAXS) and laser light scattering
(LALS) methods.

exponential function of the lean-square radius
of gyration of a solute, the radius of gyration
Rg can be evaluated from the initial slope of the
straight line by plotting the natural logarithm
of I(Q) against Q 2 (the Guinier plot).
SBMV was approximately spherical, as was sugges
ted by transmission electron microscopy. However,
SBMV is known to have two states, that is, compa
ct and swollen states, depending on divalent cat
ions, pH, buffer species, and the sedimentation
coefficient decreases from 115S to 100S. The swel
ling process is reversible and the swollen virus
becomes sensitive to protease and nuclease attack
present in solution.
In order to study the structural properties of
compact SBMV, the overall radii of SBMV in this
study was checked by small-angle X-ray scattering.
The diameter of spherical particle of SBMV obtain
ed from the Guinier plot, as is shown in Fig.l,
was 27.9 nm for bean strain in this study. This
value corresponds to compact SBMV, judging from
the values obtained for compact SBMV, 29.5 nm of
Ghana strain by photon correlation spectroscopy
and 28-6 nm of cowpea strain by neutron scattering.
The size parameter and the phase shift of SBMV
are 0.27 and 0.11, respectively. This condition
is well presented within the Rayleigh-Gans Sphero
id theory. The principal refractive indices along
the major and minor axes of the excess polarizabi
lity of SBMV are calculated as 1.73 and 1.56, res
pectively, and the mean refractive index is 1.60.
Therefore, the relative deviations of the princi
pal refractive indices obtained are 8.2% higher
for the major axis and 2.3% lower for the minor
axis, respectively.

RESULTS AND DISCUSSION
SAXS experiments were performed with the optics
and detector system of SAXS, in the Photon Factory of the National Laboratory for High Energy
Physics, Tsukuba, Japan (BL10C). The net scattering intensities were calculated by subtracting
the scattering intensities of a blank solution
from those of the sample solution. Since the
scattered intensity I(Q) at smaller scattering
angles is generally approximated in terms of an
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Structural Study or Ganglioside/Phospholipid Aqueous Dispersion
Mitsuhiro Hirai,1 Toshiharu Takizawa,1 Sadato Yabuki,1 Shigeki Arai,1 Toshihiro Hirai,2
and Katsumi Kobayashi.3
department of Physics, Gunma Univ., Maebashi 371, 2Faculty of Textile Science and
Technology, Shinshu Univ., Ueda 386, 3Photon Factory, KEK, Tsukuba 305, Japan.
Introduction
By using a solution X-ray scattering
method we have studied the structure of the binary
lipid mixture of ganglioside-phospholipid system
dispersed in aqueous solution as functions of
temperature and pH. The glycolipid, the
gangliosides, is composed of a oligosaccharide
chain with one or more N-acetylneuramic acid
(sialic acid) residues as a hydrophilic portion and
of a ceramide as a hydrophobic portion.
Gangliosides have been clarified to be 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. Although the
gangliosides have rather different physicochemical
characteristics compared with other lipids such as
phospholipdids, the effect of the presence of the
gangliosides on the membrane structures and those
stability have not been studied and remains
ambiguous in spite of many investigations on
physiological functions of gangliosides. In the
recent report we have shown that the gangliosides
form a micellar structure in aqueous solution and
that the hydrophobic portion of the micelle changes
drastically depending on the variation of
temperature.* Thus the studies of the effects of the
presence of the gangliosides on the structure of the
binary mixtures with phospholipids would give
another important aspect on the basic role of the
presence of ganglioside for the membrane
structures.

10b

Fig. 1 Variation of scattering curve depending
on the weight ratio of x= Goia/DPPC. Lipid
contents of the samples in Hepes buffer at pH
6.8 are 1.0% w/v.
-detector distance was 87 cm. The exposure time
was 150 s for each measurement and the
integrated exposure time for temperature elevation
measurements was below 3000 s. Temperature
was varied from 20 °C to 60 °C, and pH from 4 to
8.
Results and Discussion
Figure 1 shows the change of the
scattering curve depending on the Goia/DPPC
ratio. The scattering profile of the Goia results
from near-spherical micellar structure. The
presence of the peaks in the scattering curve of
the DPPC is attributed to the lamellar ordering.
Thus it is clear that the relatively minor presence
of gangliosides in DPPC lamellae induces the
drastic structural change from lamellae to micelles
(or vesicles). Detailed analysis and discussion
will appear elsewhere.

Experimental
The ganglioside used here was disialogangliosides (Goia)Dipalmitoyl
phosphatidylcholine (DPPC) was used as a
phospholipid. The mixing of G o i a with DPPC
was done with the use of the biphasic solvent
system (chloroform/methanol/water). 2 After
mixing the solvent was vaporized in vacuo, the
mixture was dissolved in Hepes buffer adjusted at
pH 6.8 and used for scattering experiments. The
solute concentration was 1.0 % w/v. X-ray
scattering experiments were carried out by using
References
the small-angle X-ray scattering spectrometer 1) M. Hirai, et al., Biophys. /., 1996, 70, 1761.
SAXES installed at BL10C line of PF. The 2) K. Hayashi, et al., Biochim. Biophys. Ada,
wavelength used was 1.49 A and the sample-to1974, 107.
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Introduction
Insect laccifer product, so-called Shellac resin, has been
widely used in industrial applications, owing to its
characteristic physical and chemical properties. However,
studies on the aggregates structure of Shellac resin in
various solvents are very few. We report the aggregate
structure of Shellac resin in the ternary system Shellac
resin-H20-/i-hexylalcohol studied by small-angle X-ray
scattering.

Small-Angle X-Ray Scattering Measurements
Small-angle X-ray scattering measurements used a
synchrotron radiation X-ray scattering spectrometer for
enzymes (BL-10C) at the National Laboratory for High
Energy Physics, Tsukuba, Japan. X-ray beam is
monochromatized by using a double crystal
monochromator and focused with a toroidal focusing
mirror.
Scattering data are recorded by using a one-dimensional
position-sensitive proportional counter with a probe 20cm
in effective length. The 1.49-A radiation and a sample-todetector distance of 65cm were used. Samples were placed
in a quartz cell with 1-mm path length, and the
temperature of the sample holder was kept at 25±0.1°C by
circulating water.

Materials
Shellac resin sodium salt (SHR'Na) was prepared by
neutralization with a methanol solution of NaOH. The
sample solutions of the ternary system SHR'Na-H2O-/ihexylalcohol (nHexOH) were prepared as follows.
To an aliquot of the stock solutions of SHR>Na/H2O (10
and 15% by weight), n-hexylalcohol was added by
microsyringe. The SHR'Na/H2O/nHexOH samples with
different [nHexOH]/[SHR*Na] weight fractions (R) (the
SHR'Na 10wt% samples, R=0, 0.2, 0.4, 0.6 and 0.8, and
the SHR«Na 15wt% samples, R=0-0.6) were prepared.

Result and Discussion
The intensity spectrum of water was subtracted from
those of the SHR'Na solution measured at various R
values.
Fig.l shows the SAXS spectra of the SHR«Na-H2OwHexOH system with different R values at 25°C. The Xray scattering intensity (I(QJ) for the samples depends
upon the quantity of n-hexylalcohol added to the
SHR«Na-H2O solution.
For the observed I(Q) values, in a Guinier plot of l n [ / ^ ]
vs. Q2, a straight line is drawed in the small Q region,
indicating that the SHR'Na aggregates in the solutions are
monodispersed. A Guinier plot provides the amplitude (/0)
and the radius of gyration (Rg) of an aggregate. The 70
term depends upon the aggregation number of an
aggregate and Rg contains information on its shape.
Table 1 lists the Rg values of the SHR'Na samples at
different R values. The Rg values seem to have a
maximum at R=0.2. This observation may indicate the Rdependence of the size of an aggregate.

0.04

0.03

0.02

0.01

0 L
0.01

Fig.l

0.02

0.03
Q /A1

0.04

Table 1
R

The radius of gyration (Rg / A)
10wt%
15wt%
92.7
0
116.0
154.6
154.5
0.2
97.1
0.4
66.4
70.5
0.6
64.1
—
0.8
99.0

0.05

Q vs. I(Q) plot of SHR«Na-H2O-nHexOH
system (15wt%)
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EFFECT OF PRESSURE ON THE SOLUTION STRUCTURE OF GLOBULAR
PROTEINS BY SMALL-ANGLE X-RAY SCATTERING1
Minoru KATO0 and Tetsuro FUJISAWA2)
1) Department of Chemistry, Faculty of Science and Engineering, Ritsumeikan University, Kusatsu 525-77
2) The Institute of Physical and Chemical Research (RIKEN), Wako 351-01

radiation damage to samples was detected during
each measurement.
The volumes of lysozyme at high pressures
were determined using Prod's raw.
The
scattering regions used for volume determinations
were fixed for all pressures.
The volume
changes were corrected for X-ray absorption
change by pressure. The apparent volume
decreased by about 20 % with increasing
pressure up to 400 MPa. We determined the
isothermal compressibility Br from the pressure
dependence of the volume up to 400 MPa. The
value via the present X-ray scattering work is list
in Table I, together with the other reported values
via X-ray crystal3 and ultrasonic methods.5
These values are significantly different from each
other. In particular, it is characteristic that the
value by SOXS is remarkably larger than the
other values. We will discuss these differences
in terms of hydration change of the protein
elsewhere.
We appreciate Dr. Katsumi Kobayashi at BL10C.

Introduction
In the previous report2, we applied a
hydrostatic cell with synthetic diamond windows
to measure solution X-ray scattering (SOXS) of
protein under high pressure. We described the
high performance using lysozyme solution as an
example. We obtained high quality scattering
data enough to determine the radius of gyration of
the protein under high pressure up to 400 MPa.
In the present report, we investigate the effect of
pressure on the volume of lysozyme. The
isothermal compressibility of a system is related
to the volume fluctuation. Thus the isothermal
compressibility of proteins is of vital importance
to understanding the protein function in terms of
the structural fluctuation. There has been only
one work
to directly
determine the
compressibility for lysozyme using X-ray crystal
diffraction.3 The other indirect works on the
compressibility have been done via ultrasonic
methods. Here we estimate the compressibility
of lysozyme by the SOXS method.

Methods and Results

Table I. Isothermal Compressibility of
Lysozyme.

The SOXS experiments were at beamline
IOC of the Photon Factory. With the installed
monochrometer of silicon 111 double crystal, the
wavelength of the X-ray was tuned to 1.3 A.
The beam size at the sample position is 1.2x 1.2
mm. The X-ray scatterings were recorded using
PS PC. We also measured direct beam attenuated
by 1.3 mm Al foil at each pressure to correct the
cattering intensity change due to the pressure
dependence of X-ray absorption of solvent. The
high pressure cell used in this work were
described in detailed elsewhere.4
The
temperature of the cell was maintained to be 25
°C by using temperature-controlled water
circulating into a cell jacket. Lysozyme was
purchased from Sigma. The 1.34% (w/v) protein
was dissolved in lOmM Mes buffer (pH 5.7).
Protein
concentration
was
determined
spectrophotometrically using E ^ l m g / m l ) =
2.64. It took 600 sec to obtain the scattering
profile of proteins at high pressures.
No

lO'^cnrdyn'
SOXS

X-ray crystal*

Ultrasonicb

47.3

4.4

7.3

a;Ref. 3, b; Ref. 5
1

This work was in part supported by a Scientific Research
Grant from the Ministry of Education.
2
M. Kato, T. Fujisawa, Y. Inoko, and K. Kobayashi,
Photon Factory Activity Report 1995, in press.
3
C. E. Kundrot and F. M. Richards, J. Mol. Biol. 193,
157(1987).
4
M. Kato And Y. Taniguchi, Rev. Sci. Instrum. 66,
4333(1995).
5
K. Gekko and H. Noguchi, J. Phys. Chem. 83, 279
(1979).
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MELTING BEHAVIOR OF £-CAPROLACTONE-BUTADIENE DIBLOCK COPOLYMERS
Shuichi NOJIMA, Yukiyo KANDA, and Shintaro SASAKI
School of Materials Science,
Japan Advanced Institute of Science and Technology (JAIST),
Tatsunokuchi, Ishikawa 923-12, JAPAN

at around Tm. The spacing, on the other hand,
shows a sudden decrease at around T m , indicating
that the microdomain structure prevails over the
lamellar morphology in the system.
The melting behavior shown in Fig. 1 is significantly different from the crystallization behavior of the same PCL-6-PB, where the angular
positions of the two intensity peaks (due to microdomain structure and lamellar morphology) do
not change during crystallization and we can analyze these peaks independently. In the case of
melting, however, these peaks relate intimately
to each other to result in the complicated timeresolved SAXS curves.

Introduction
We have recently observed the crystallization process of e-caprolactone-butadiene diblock
copolymers (PCL-fe-PB) by synchrotron smallangle X-ray scattering (SR-SAXS), and showed
that the crystallization brings about the morphological rearrangement from the microdomain
structure into the lamellar morphology (alternating structure of lamellae and amorphous layers).1
In this study, we investigate the melting process of
PCL-6-PB by SR-SAXS, where the lamellar morphology will turn into the microdomain structure.
From the SR-SAXS results, we elucidate the characteristics of the melting behavior in crystallineamorphous diblock copolymers.
Experimental
The PCL-fr-PB copolymers with various molecular weights and block ratios were synthesized by
an anionic polymerization under vacuum. The
SR-SAXS experiment was carried out with smallangle X-ray equipment for solution (SAXES) installed at a beam line BL-10C.2 The samples,
crystallized at various temperatures by quenching from the melt, were heated with a constant
heating rate (ca. 2 °C/min), and the SAXS
curves were obtained at every 10 sec on heating.
The melting behavior was also measured independently by differential scanning calorimetry (DSC).
Results and Discussion
The SAXS curves below melting temperature
Tm (ca. 42 °C) show the intensity peak arising
from the lamellar morphology, and the peak decreases in intensity and shifts to higher angles with
the temperature approaching to Tm. The peak becomes considerably broad at around T m , and the
sharp diffraction due to the microdomain structure emerges from this broad peak. Finally the
SAXS curves have a set of diffractions at above
Tm. The temperature dependence of the peak intensity and spacing is shown in Fig. 1. The peak
intensity gradually decreases with increasing temperature and then increases through a minimum

30

40
50
Temperature {°C)

Fig. 1. Temperature dependence of peak intensity and spacing during the melting of PCL-fr-PB.
Tm represents the melting temperature of the PCL
block.
References
1) S. Nojima, et al., Polymer, 35, 3479 (1994).
2) T. Ueki, et a/., Biophys. Chem., 23,115 (1985).
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Thermotropic Conformationai Change of Lysozyme at Low pH
Shigeki And,1 Mitsuhiro Hirai,1 Sadato Yabuki,1 Toshiharu Takizawa,1 Toshihiro Hirai,2
and Katsumi Kobayashi.3
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Introduction
The knowledge of the pathway of protein
folding has been of fundamental importance to
clarify the mechanism that a polypeptide chain
attains its native conformation. Some papers
reported that the folding of hen lysozyme
involves partially structured intermediates and
multiple pathways.
In this report we will
discuss the variation and characteristic of the
thermal denaturation process of lysozymes
depending on pH by using small-angle X-ray
scattering and calorimetry. oc-lactalbumin was
used as a control showing well-defined molten
globule state.
Experimental
Small-angle X-ray scattering experiments
were carried out by using the synchrotron
radiation X-ray scattering spectrometer for
enzymes (SAXES) which is installed at BL10C
line in the Photon Factory of KEK.
Calorimetric experiments were carried out by
using Perkin Elmer DSC-7 spectrometer.
Samples used were hen egg-white lysozyme
from and bovine milk a-lactalbumin from Sigma
Chemical Co..
0.2
„ .. , 0.4
q (I/A)
Results and Discussion
Figures (a) and (b) show the changes of Fig.l Lysozyme 5 % w/v, (a) at pH 7; (b) at pH 1.
the scattering curves of the lysozyme at pH 7 and
1 depending on the temperature elevation. The the thermogram at pH 7 indicates an irreversible
inserts indicate the Kratky plots of the scattering thermal denaturation process with an evident
curves. The change of the scattering curve and endothermic peak, and by lowering pH the
the Kratky plot at pH 7 evidently shows a sharp endothermic peak becomes broader with
structural phase transition, which would be accompanied by the low-temperature shift of the
described by a two-step denaturation process. transition mid point. Combined the results from
However, in the case at pH 1 the structural the scattering experiments with those from the
change of the lysozyme is different from that at calorimetric ones we found that the evident
pH 7 and can be recognized to occur rather structural change with the elevation of temperature
gradually. The distance distribution functions at pH 1 starts below the on-set temperature.
The present results suggest the possibility
obtained from the Fourier transform the
of
the
presence
of the intermediate structure in the
scattering curves also well reflect the difference
process
of
thermal
denaturation of the tertiary
between the thermal denaturation processes at pH
structure
of
the
lysozyme
at low pH. The related
1 and 7. The region of the change of Rg (the
experiments
are
now
in
progress
combined with
radius of gyration) at pH 1 is different from that
at pH 7. Although Rg at pH 7 increase above the use of CD and calorimetric measurements.
60°C, the Rg at pH 1 begin to increase from 40°C The further results and discussion will be given
elsewhere.
and 60°C. Our calorimetric measurements show
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Introduction
The sol-gel process is a popular technique to prepare silica
glasses. Hydrolysis of Alkoxysilane and following
polycondensation are main reactions. When mixture of
trialkoxysilyl-terminated organic polymer and tetraalkoxysilane is subjected to the reaction, organic/inorganic hybrid
gel can be prepared. This hybrid gel has potential as a
new functionality material, and its high order structure is
important. In the synthesis of inorganic silica glasses, it is
already known that the reaction behaviors are much different
depending on the catalyst used i. e. acid or base1'. Therefore,
the structure formation of the organicAnorganic hybrid gels
may also be different by the nature of the catalyst for the
gelation. In this study, we investigated gelation leading to
the organic/inorganic hybrid gel by the sol-gel process.
Time-resolved small-angle X-ray scattering (SAXS)
measurement was used and observed scattering intensities
were analyzed in terms of electron density fluctuation.
Experimental
Two series of organicAnorganic hybrid gels were prepared
from triethoxysilyl-terminated polyCoxytetramethylene)21
(ET-PTMO) whose Mn was 1.35xl03 and tetraethoxysilane
(TEOS). As catalysts for gelation, 1M hydrochloric acid
(series A) or 0.2M butyl amine (series B) was used.
Ethanol/water system was chosen as a solvent. Timeresolved SAXS measurements were performed at 50°C
with a SAXES optics installed at BL-10C. Two-minutes
SAXS measurements were repeated with an appropriate
time interval over their gelation time that was determined
by preliminary experiments. All scattering intensities were
corrected with respect to the background scattering and
the absorption of the samples.
Results and Discussion
Scattering intensity I(q) from a volume of a homogeneous
amorphous material is given by the correlation function of
electron density fluctuation y(r) as
Kq^\a'AKrltr){s\nqrlqr)dr
(1)
where q = Ansia(dP)/X is the magnitude of the scattering
vector with A. and 6 being the wavelength and the scattering
angle, respectively. By the decomposition into Gaussian
in the lower and Debye-Bueche term in the higher ^-region,
/(<7)=/c(0)exp(-^V/2)+/ M (0)/(l+aV) 2
(2)
was found to fit the observed scattering profiles. Here the
correlation functions are given as ydr)=exp(rfp.£(?) for
the Gaussian term3), and y(r)=exp(-r/a) for the DebyeBueche term4), which contain the correlation length £ c and
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a to specify the range of correlation, respectively.
For series A, £, and a were 20 to 25 A and 3 to 5 A,
respectively; however they were little dependent both on
the ratio of TEOS and amount of catalyst. Despite the
observed macroscopic gelation of the system, neither £ c
nor a was little changed and we did not observe divergence
of the correlation length of the system at the gel point5*.
It is considered that the scatters from this system were not
due to polymer but silica domain and that the infinite
siloxane network was not formed because the ratio of
TEOS was relatively low in this study. All the Kratky
plots of each sample were monotonous curves to increase
and the scattering intensity increased monotonously. These
results suggest that gelation by acid catalysis is mild and
progresses relative homogeneously to form gel in which
organic component and inorganic component are well
mixed to the order of 30 A.
On the other hand, distinct changes of scattering profiles
during gelation were observed for series B. Their behaviors
depended on the ratio of TEOS. Both £ o and a increased
with time in an early stage, but soon came to the constant
value. The constant values were larger when the ratio of
TEOS was larger. In addition, the resulting gels had socalled 'island and sea' micro-phase separated structure.
From these results, gelation of series B was considered to
have two stages. Nucleation and aggregation of silica
('island') were occurred immediately when the amine
catalyst was added. In this early stage, both £ c and a
increased with time. Increase of <£, reflected that the
repulsive force of silica domains became stronger by larger
silica domains due to aggregation. At the next stage, ETpolymer ('sea") soon gelled and the aggregation was
prevented. £c and a were settled in almost constant value
in the latter stage.
These distinctions between series A and B are estimated
to be due to the deference of reactivity between ethoxysilyl
group of TEOS and that of ET-Polymer.
References
1)D.W. Schaefer and K.D. Keefer, Mat. Res. Soc. Symp.
Proc, 22,1(1984)
2)S. Kohjiyaef. al.,J. Non-Cryst. Solids,Ul. 132 (1990)
3)S. Mallam el. al.,Macromolecules, 24, 543 (1991)
4) P. Debye and A.M. Bueche, J. Appl. Phys., 2Q, 518
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22,231(1994)
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95G 326

CRYSTALLIZATION DYNAMICS OF PVDF ON COOLING OBSERVED
BY THE SIMULTANEOUS DSC/SAXS MEASUREMENT
Hirohisa YOSHIDA
Department of Industrial Chemistry, Tokyo Metropolitan University,
Minami-Osawa, Hachiouji, Tokyo 192-03, Japan
Introduction
Poly(vinilidenefluoride) (PVDF) has six
crystal forms consisted with three
molecular conformations and two packing
states. Non-polar a-form crystal obtained
by cooling from the melt is composed by
anti-parallel packing of TGTG1
conformation. For crystalline or semicrystalline polymers, crystal lamella and
amorphous layer stack alternatively. Such
regular structure gives scattering maximum
in the small angle X-ray scattering (SAXS)
region, so called long pried. Recently,
Imai et al [1] reported that electron density
fluctuation occurred before long period
appeared at the induction period of
crystallization of amorphous poly(ethylene
terephtalate). In this study, long period
formation process during crystallization of
PVDF was observed by the simultaneous
differential scanning calorimetory
(DSQ/SAXS measurement.
Experimental
PVDF supplied from Kureha Chemical
Co., Ltd. with Mn=26.0xl0- 5 was used
through the experiment. DSC/SAXS
measurement was carried out using the
simultaneous DSC/SAXS instrument [2]
setting SAXS optics at BL10C, PF.
Wavelength of X-ray was 1.488 A. Sample
was heated up to 463K and then cooled at
0.5K/min. During cooling DSC signal and
SAXS profile were stored at every 1 sec
and 55 sec, respectively.
Results and discussions
The simultaneous DSC/SAXS
measurement results are shown in Figs 1
(DSC) and 2 (SAXS). Crystallization
exothcrm started at 448.5K and small
SAXS peak with the peak maximum at
Q=1.2xlO"3 A"l was observed under this
time resolution. SAXS peak according to
long period was observed at 447.5K, at
which 5% of total crystallization exotherm
was detected. The SAXS peak maximum

was shifted to the large Q from at 1.2xlO"3
A"l to 1.6xlO'3 A"1 with proceeding
crystallization. According to the
simultaneous DSC/WAXD [3], diffraction
from crystal planes was observed at the
same time of crystallization exotherm.
These simultaneous DSC/WAXD and
DSC/SAXS results suggested that regular
crystal lattice and long period formed at the
initial stage of crystallization.
References
1) M.Imai et al, Polymer, 33, 4451 (1992)
2) H.Yoshida, Thermochimica Acta, 264,
173(1995)
3) H.Yoshida, Thermochimica Acta, 267,
239 (1995)
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Fig.l DSC result of PVDF crystallization
cooling at 0.5K/min observed by the
simultaneous DSC/SAXS measurement.
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Fig.2 SAXS result of PVDF crystallization
cooling at 0.5K/min observed by the
simultaneous DSC/SAXS measurement.
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Introduction
Aggregation phenomena of photosynthetic pigments play an essential role in the light-harvesting
process. Rescachers in this field are no longer
satisfied with the spectroscopic information
implying that some regular arrangements may exist
in such aggregates, and have long been working
hard eagerly to find direct evidence for the ordered
structure and its approximate size. However, such
efforts had not succeeded. Here, we report
synchrotron X-ray diffraction results on the
aggregate of bacteriochlorophyll (BChl) c extrated
from green photosynthetic bacterium.
Experimental
BChl cwas extracted from dry cells of Chlorobium
tepidum with methanol and purified as described
elsewher^. Aggregates of BChl c were formed by
dissolving dried pigments in a small amount of
methylene chloride and then diluting with an excess
of n-hexane. The aggregates were collected by a
centrifuge, and dried in a vacuum desiccator to
give the powder samples. Powder diffractions were
measured with the small-angle scattering
equipment for enzymes (BL-10C) at PF.
Results and Discussions
Figure 1 shows the diffraction pattern of the
BChl c aggregates. We observed five well-resolved
diffraction peaks at Q values of less than 0.8 A"1.
The diffraction pattern can be indexed as a BChl c
lamellar phase with an interlamellar spacing of d
= 55.5 A. Five intense ( 00/ ) peaks ( / = 1, 2, 4,
5, 6 ) are evident which suggests the existence of
a long-range ordered structure in these BChl c
aggregates. The size of the BChl c ordered region
7000

6000

800
55.5

13 .7

Chlorin

c 600
400
200
0.4

can be estimated from the peak width, based on
Scherrer's equation. o For most samples, the sizes
varied between 570 A and 830 A. The diffraction
patterns seem to show a second phase as well as
the predominant lamellar BChl c phase. This phase
is attributable to amorphous BChl c aggregates,
which give strong scattering around Q = 0 and a
further rather diffuse band centered at Q=Q33 A"1.
Taking into account the size of BChl c molecule,
the lamellar diffraction pattern favors a model with
stacked bimolecular layers (Fig. 2), in which the
famesyl chains are almost fully extended and
perpendicular to a bilayer plane. This configuration
of the farnesyl chains is supported by the
observation of a broad diffraction band at 4.3 A(data
not shown J , similar to that observed from Chi a
aggregates2' and in diffraction studies on many
biological membranes and hydrocarbon analogues.
This broad band is caused hirgely by scattering
from the hydrocarbon chains. The hydrocarbon
regions are packed in fairly large groups in which
almost fully extended chains lie with their axes
parallel. Because the famesyl chain is long, its
axis must have a marked preferential orientation
perpendicular to the bilayer plane. This model
explains the long spacing observed well and agrees
with other studies
Most models proposed so far have attempted to
explain only the results from spectroscopy, so in
most cases (lie long ester groups have been omitted,
because they hardly contribute to the spectral
properties of these pigments. However, the long
chains are important in stabilizing and maintaining
the physical integrity of the bilayer structure by a
balance of their non-polar region with the polar
part of chlorin macrocycles in analogy to lipids,
and therefore must be incorporated in the model
construction.
Voids
Farnesyl

^ .

10.9
9.32
1v — A ^

1

0.5

0.6
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Q (A 1 )

Fig. 2 The model proposed for BChl c aggregates
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Fig. 1 Powder diffraction patterns of the BChl c aggregates
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1. Introduction

2. Experimental Results and Discussion

The necessity of x-ray detectors having a
good sensitivity to an energy range from 1 keV
down to a few hundred eV is recently enhanced
due to the development in fusion-oriented plasma
investigations. However, most of commercially
available detectors including Si(Li) and pure-Ge
detectors [1] cannot be employed for x-ray pulseheight analyses (PHA) in this low energy region
because of the existence of the detector vacuumwindow. X-ray measurements in this region
were previously tried out using windowless
Si(Li) detectors. These detectors, however, had
some trouble with temporal variations in the
quantum efficiencies because of their detector
surface deteriorations due to impurities in
vacuum chambers.

The data on the detection-efficiency of the
ULE Ge detector for a unit incident photon flux
normalized by the photon energy, rj G e / E [2], are
plotted in Fig. 1. The data are well fitted by the
curve calculated theoretically using a nominal
response curve of the 4000-A thick polymer
window along with the 1400-A thick Al layer and
a 0.12-fim thick Be. This removable Be is
prepared for guarding against the surface
deterioration of the fixed ultra-thin polymer
window during plasma experiments. Here, the
relative values of the data are normalized to the
theoretical value at E = 0.5 keV. As shown in
Fig. 1, we may actually expect to investigate
plasma x-ray spectra even in a few hundred eV
using such an easily handled semiconductor
detector in a PHA mode for the first time.

Here, we characterize a newly developed
ultra-low-energy measurable pure-Ge (ULE Ge)
detector using synchrotron radiation at the
Photon Factory of the National Laboratory for
High Energy Physics. This detector has a 4000A thick polymer window metalized by a 1400-A
thick Al supported by a 100-|im apart Si-ribbed
structure. This ultra-thin vacuum window
extends the x-ray-diagnostics energy range down
to a few hundred eV. In spite of such remarkable
features and convenience to various research
fields, there are no available precise data on the
x-ray-energy response even at this time.

[1] T. Cho et al., Phys. Rev. Lett. 64. 1373
(1990).
[2] J. Kohagura et al., Rev. Sci. Instrum. ££.
2317 (1995).
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2

peak assignments for poly-(3-methylthienylene)[l] and
thiophene[2], the peak at the lowest photon energy (peak
A) can be ascribed to the Cls -*• n* transition. The
spectra strongly depend on 6, indicating the successful
preparation of a highly oriented film.
The molecular orientation angles of 6T in thin
film were quantitatively evaluated by fitting these 9
dependences to the theoretical curves formulated by
Stohr and Outka[3]. In Fig. 2, the filled circles show the
observed resonance intensities normalized to that for
normal emission I(<?)/I(£=90o). Assuming perfect
polarization of incident X-rays, the experimental data
were best fitted by the curves of a = 55°, 70° and 75°
for Au, Ag and Cu, respectively, which are shown by
the solid lines in Fig. 2. On the other hand, the results of
IR-RAS measurement indicate that the molecular long
axis of 6T on Ag and Cu are oriented almost parallel to
the surface normal and that on Au have nearly random
orientation.

Introduction
a-Sexithienyl (6T), which is a model compound
of polythienylene, has been used fabricating devices,
because its chemical structure is well defined and the nconjugation length can be controlled. In order to attain
good electrical characteristics, it is necessary to control
the molecular orientation. In this study we applied
polarized near edge X-ray absorption fine structure
(NEXAFS) spectroscopy to thin films of 6T on Au, Ag
and Cu substrates.
Experimental
The 6T thin films were prepared by vacuum
deposition on Au, Ag and Cu polycrystalline substrates
under the vacuum of 10"6 Pa at room temperature with
the rate of 2nm/min. C K-edge NEXAFS spectra were
measured at the beamline BL-11A at Photon Factory
using a Grasshopper monochromator with a grating of
2400 lines/mm, in the total electron yield mode using a
channeltron.
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Results and Discussion
The C K-edge NEXAFS spectra for the 6T thin
film on Cu are shown in Fig. 1 as a function of the Xray incidence angle, 9, defined in the inset. All the
spectra are normalized by the intensity at 325eV. Three
sharp transitions are observed at low photon energy, and
three broad ones at high photon energy. Following the
C-K tdge NEXAFS
6T/Cu/Si
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Fig. 1 C K-edge NEXAFS spectra of the
6T thin film on the Cu as a function of Xray incidence angle 6.
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Fig. 2 Observed dependence of resonance intensity on peak A on the
X-ray incidence angle 0 for 6T on (a) Au, (b)Ag and (c)Cu. The
intensity is normalized at 9 = 90°. The solid lines are best-fit curves
assuming perfect polarization of light.
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an antibonding nature of excited state. Since the
o*(C-D) molecular orbital has a strongly
antibonding character, the excited state must
have a much larger equilibrium C D distance
than that of the ground state. If the C-D distance
is reduced by the effect of approaching neighbor
molecules in the bulk DCOOD the energy of the
excited state may be raised, resulting: in the shift
of the absorption peak toward higher energy.
The results have broad implications for the
assignments of NEXAFS spectra.

Introduction
C A'-shell near edge X-ray absorption fine
structure (NEXAFS) spectra of condensed layers
of formic acid (DCOOD) have been recorded
using C KVV Auger electron yields (AEY) and
photon-stimulated ion desorption (PSJD) yields
of D + . It is well known that Kydberg excitations
observed in the gas phase are severely broadened
and shifted to higher energy in the solid, which
results from final-state interactions. On the other
hand, little attention has been given to such
energy shifts in excitations of molecular orbitals.
This is because that molecular orbitals are. in
general, compact and localized and then it is
expected that a molecular orbital of one molecular
unit may not interact with those of another
through "the excitation of the orbital. In this
workT we show that a strongly antibonding
molecular orbital shifts to higher energy in the
solid by final-state interactions.
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Experimental
Experiments were performed at the soft X-ray
beam line I 1A with optical resolution of -1 eV at
C A'-edge. The experimental details have been
described elsewhere". Briefly, ions were detected
and analyzed by a time-of-f light (TOF) mass
spectrometer using a pulsed synchrotron
radiation. As a sample preparation, a -50L
DCOOD was exposed to a Cu substrate at -120K.
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Results and discussion
The PSID yield curve of D + ions from the
condensed DCOOD in the C Is excitation region
is shown in Fig. I together with the AEY curve
which represents a photo-absorption cross section.
The resonances observed in the AEY were
assigned to transitions from C Is into ;r*(C=O) at
288.6 eV. ti*(C-D) at 293.7 eV, <i*(C-O) at
297.5 eV and <T*(C=O) at 301.4 eV on the basis
of the results on adsorbed formic acid NEXAFS2).
It is found that the excitation energy of o*(C-D)
orbital in the AEY at 293.7 eV is much higher
than that in the D+ PSID yield at 292 eV which
is similar to that in a 1gas-phase absorption
spectrum of formic acid* and also that in an
AEY of formic
acid monolayer^.This indicates
that the D + ions desorb from a top-most layer
corresponding to a surface rr*(C-D) state in the
DCOOD condensed layers, while the Auger
electrons reflect a bulk <r*(C-D) state. The higher
energy shift of the a*(C-D) can be explained by

i -

"

280

a*(C-D) surface

290

300

310

320

Photon Energy (eV)
Fig. 1. Comparison of AEY and D + PSID yield
from condensed DCOOD as a function of
excitation energy near the C A'-edge.
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The sensitivity curve is given from comparison of the
detected power of one PIN diode for the incident beam
through a pinhole with a standard one that has been
calibrated absolutely.
As a result, the sensitivity of each diode is more
than 80 % at most of the wide region of 300 - 1200 eV.
(Fig-2)
The relative sensitivity between each diode is less
than ±5 %. The crosstalk is less than 0.2 %.

Introduction
The measurement of temperature fluctuation or density fluctuation in plasma is important for the study of
transport in high temperature plasma.
In order to measure electron temperature with a high
time resolution, we made a soft X-ray spectrometer
with a multi-layer X-ray mirror. This mirror reflects
an incident X-ray in the manner of Bragg reflection.
Soft X-ray emitted from plasma is decomposed to
the spectrum by the X-ray mirror. The intensity of
the soft X-ray with specified energy (350 - 500 eV) is
measured with a PIN diode detector array, and the
electron temperature is derived from the gradient of
the spectrum.
As the energy dependence of the reflectivity of the
X-ray mirror and the sensitivity of the PIN diode detectors have direct relation to the result, we neet to
investigate the reflectivity of the mirror and the sensitivity of the detectors in the region of 350 - 500 eV.

Future
From the calibration data, the electron temperature
measurement system is expected that the resolution of
the measurement of electron temperature fluctuation
is fe/Te < 7% under S/N > 100 in the circuit.
We will measure the electron temperature fluctuation of high temperature plasmas by use of this SXR
spectrometer.
20
15

Reflectivity Measurement of the X-ray Mirror

10

The multi-layer X-ray mirror is made of W/Si that
thickness of a pair of its layers (W-layer and Si-layer)
is 33.2A.
A curve as shown in Fig.l is given from the intensity
of the reflection, scanning the energy of the incident
beam with the incident angle fixed. The envelope of
each curve shows the reflectivity of the X-ray mirror.
As a result, the reflectivity of the X-ray mirror is 3
to 10 % at the region of 350 - 500 eV. (Fig.l)
The spatial extent of the reflected X-ray is approximately 0.2 degree as FWHM, and its value is constant
at any incident angles.

5
300

400

500
600
700
Photon Energy [eV]

800

Figure 1: reflectivity of the mirror

Sensitivity Measurement of the PIN Diode Array
200

The PIN diode array has 16 diodes that its sensitive
area is 1.175mm x 2.0mm, and its pitch is 1.575mm.
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Figure 2: sensitivity of the diode
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Introduction

spectra clearly dissolved C=N to three peaks (Fig. 2). In
contrast histone had single significant peak probably
attributable to C=C. These different structures between
DNA and proteins strongly suggest the possibility to
image DNA surrounded by nuclear proteins in a cellular
nucleus. For sialic acid, at the O or C absorption edge a
peak probably resulting from the absorption of C=O was
observed at the same energy as in the case of DNA and
proteins. The absence of C=C peak at the C absorption
edge may be utilized to discriminate sugar from other
molecules.

XANES profile gives the information about the local
chemical structure around the concerned element. From
the view point of molecular imaging, this characteristics
means that XANES has a possibility to discriminate
molecules using specific absorption peaks. However,
XANES spectra of biological macromolecules have been
scarcely reported except two reports which describe
DNA and albumin XANES at the carbon K-absorption
edge1', and DNA at the nitrogen K-absorption edge'*. In
the present study, we surveyed and compared XANES
spectra of nucleic acid (DNA), proteins (albumin,
histone, and iron-containing proteins such as ferritin and
cytochrome C) , and sugar (sialic acid), at the Kabsorption edges of C, N and O, the major elements in
biomolecules.

1
1
1
1
1—
1
••1

Materials and Methods
XANES spectra were measured at BL-11A with a
wavelength resolution of AX=0.006nm. Incident X-rays
were transmitted through dry thin film samples deposited
on a collodion film supported by an EM-grid, and then
detected with an X-ray diode (AXUV-100, International
Radiation Detectors Inc., U.S.A.). Output signals were
measured with a picoanmeter followed by PF-98
computer system for spectrum measurement equipped at
the beamline.
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Fig. 1. XANES at oxygen K-absorption edge.
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XANES of all kinds of proteins we tested showed very
similar profiles at C absorption edges, probably mainly
reflecting peptide bond abundantly distributed in
proteins. For albumin and histone no difference in
spectra was observed at the O and N absorption edge. On
the other hand DNA spectra has a distinct structure
compared with proteins; at the O absorption edge,
although two peaks, probably assigned to ls-»n* (a
sharp one) and l s - * o * (a broad one), were located at the
same photon energy for both compounds, the ratio of the
intensities of a* and n* peak was largely different (Fig.
1). Furthermore the difference appears more evident for
N- and C-XANES. At the N absorption edge, the n* peak
of DNA splits to two peaks as previously shown by
Kirtley et al.25, in contrast to single n* peak of proteins.
At the C absorption edge, DNA exhibited much more
complex profile with several peaks which were suggested
as C=C, C=N (three peaks) and C=O in the order of
increasing photon energy by Ade et al.1', showing that our

2 r a » > 3 > 2 a M a M 2 M a g o 2 M a » 4 2 M H « x o
Photon •fwrfly («V)

Fig. 2. XANES at carbon K-absorption edge.
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INTERNATIONAL COOPERATING STUDIES OF NEW SEMICONDUCTOR
X-RAY DETECTORS FOR FUSION PLASMA DIAGNOSTICS
M. Hirata, T. Cho, J. Kohagura, Y. Sakamoto, S. Kanke, K. Takahashi, T. Kondoh 1 ,
N. Yamaguchi, K. Yatsu, T. Tamano, S. Miyoshi, K. Hirano2> H. Maezawa2
Plasma Research Centre, University ofTsukuba, Ibaraki 305, Japan,
hAERI, 2Photon Factory.
1. Introduction
theory1 on a semiconductor response with ddep
Under the US-Japan fusion cooperating
= 30 u.m and the thermal diffusion length L of
program, a new semiconductor x-ray-detector
100-150 jim. Here, note that the conventional
array and a new "high-energy-sensitive"
theory2 on the detector response cannot trace the
semiconductor x-ray detector are characterized
data points [see the dot-dashed curve on Fig.
and installed for the observations of the GAMMA
l(b)]. The channel variations in the 19-channel
10 tandem mirror plasmas at the University of
output signals are shown in Fig. l(c); a good
Tsukuba as well as the DIII-D tokamak plasmas
uniformity for the 10-keV x rays is observed.
at the General Atomics in San Diego. The
On the other hand, our designed detector
combination of this detector array and our newly
using our new theory1 has the parameters of the
designed semiconductor detector covers both
wafer thickness of 525 jim, ddep - 2 1 2 jim and
bulk (from hundreds eV to a few keV) and highL = 120 jim; the surface of the detector is
energy (ranging a few tens keV) plasma electron
covered with a 1800-A Al so as to block UV and
components. In particular, our newly designed
visible light from the GAMMA 10 and the DIII-D
detector is fabricated for the purpose of the
plasmas. The data points (crosses) are followed
studies of the 10-keV-range electron behavior;
by our theoretically predicted curve [Fig. l(b)] 1 .
these electrons are expected to play an important
The combination of these high-energyrole in electron-cyclotron-heating and rf currentoriented x-ray detector and x-ray-tomography
drive experiments for studying future possibility
detector array will provide to give important
of steady-state fusion-plant operations.
information on plasma behaviors in both devices.

2. Experimental Results and Discussion
Both detectors are precisely characterized
using synchrotron radiation (BL15C and BLl 1A)
from a 2.5-GeV positron storage ring at the
Photon Factory of the National Institute of High
Energy Physics. Also, the channel variations in
the x-ray sensitivity of the new DIII-D detector
array is experimentally investigated.
The new DIII-D detector array is fabricated
using a 150-jim-thick silicon wafer. The
synchrotron-radiation experiments provide the
filled-circle data points in a 2-V bias operation
[Fig. l(a)]; the data are fitted using our new

*T. Cho, M. Hirata et aL, Nucl. Instrum.
Methods A348, 475 (1994).
2
W. J. Price, Nuclear Radiation Detection
(McGraw-Hill, New York, 1964), Chap. 8.
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Fig. 1
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Introduction
Recent improvement of preparation and
separation technology of fullerene soot has
brought about a large number of investigations
dealing with higher fullerenes. We have reported
Near Edge X-ray Absorption Fine Structure
(NEXAFS) spectroscopy measurements of thin
evaporated films of C60, C70 and C76 demonstrating that NEXAFS spectroscopy is a useful
method to probe the vacant electronic structures
of fullerenes1).
In this study we report NEXAFS
measurements of five higher fullerenes with
carbon number n £84, and examine how their
electronic structures change with increasing n. We
also measured isomer-separated C84 and C90, and
examined dependence of their electronic
structures on isomer symmetry.

sharp peaks, while higher fullerenes with low
symmetries show broad structures similar to each
other. This broad structure is probably peculiar to
the mixture including some isomers.
The NEXAFS spectra of isomer-separated
fullerenes showed electronic structures reflecting
difference between isomer structures. These
spectra showed fine structures at the it* excitation
region slightly simpler than those in the spectra of
mixtures, indicating that the overlap of
contributions of isomers also broaden the spectral
features.
We are going to compare these observed
spectra with densities of unoccupied states
simulated by ab-initio calculations.

Experimental
Fullerene soot obtained by arc-heating of
graphite was separated by liquid chromatography.
Separated fullerene fractions of C84, C86, C88, C90
and C96 were characterized by mass spectrometry
and NMR measurements about their carbon
numbers and symmetries. By further separation,
two fractions of C84 with (D2+D2d) and C2
symmetries and C90 with C2 symmetry could be
obtained. The samples for the NEXAFS
measurements were prepared as thin films by
vacuum evaporation. NEXAFS measurements
were performed at the beamline 11A of KEK-PF
and at the beamline 2B1 of the UVSOR facility at
IMS using total electron yield mode. The
resolution at carbon K-edge was 0.3 eV at KEKPF and 0.5 eV at IMS, respectively.
Results and Discussion
NEXAFS spectra of C84, C86, C88, C90 and
C96 are shown in Figure 1 with those of C60, C70
and C76 we obtained previously1). Sharp peaks at
lower energy region and structures at higher
energy region correspond to transitions to the n*
and the a* states, respectively. The spectrum of
each fullerene reflects its vacant electronic
structure. At the n* resonance region, the spectra
of higher fullerenes with n£84 show broad
structures peaked at 287 eV with at least three
shoulders, while the spectra of C60 and C70 show
some sharp peaks. This may be explained that
smaller fullerenes with high symmetries have
highly degenerated electronic structures leading to

211

Photon Energy /eV

310 315

Fig.l NEXAFS spectra of fullerenes.
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Yb 3d PHOTOEMISSION SPECTRA OF Yb(Bao.8Sro.2)2Cu307 AND YbF 3
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the satellite and the main peaks. The quantities, A,
SA-H-Ufk), V and nf were estimated to be 5±2 eV,
-6±2 eV, 0.5*0.1 eV and 13.01±0.01, respectively,
when we took Up-ll eV. These quantities are
largely different from those for light rare-earth
oxides; A, A* V and nsfor La^Os were estimated to be
12.5 eV, -0.2 eV, 2.13 eV and 0.08, respectively.11
For light rare-earth oxides, the intensity of the
satellite is nearly equal to that of the main peak.
For the Yb oxides, on the other hand, the intensity
of the satellite is very weak. The intense satellite
for light rare-earth oxides is due to the strong
mixing between the 3d94f and 3d94/"+1£< final state
configurations." The weak satellite for the Yb oxides
is considered to be due to the weak hybridization
strength and the large charge transfer energy. The
aatellite is due to the mixing between the if13 and
4/14& configurations in the initial state.3'

Introduction
It is well known that the 3d photoemiasion
spectra of light rare-earth aeaqui-ozides RgOs (R=La,
Ce, Pr and Nd) exhibit a two-peaked structure
conaiating of main and aatellite peaks.1' For R2O3 of
heavy rare earths, on the other hand, Arai2)
reported that the Yb 3d photoemission spectrum of
YD2O3 shows a weak satellite structure at about 10
eV below the main peak. According to the
theoretical analysis,11 the possibility that the
satellite is due to a Yb2* state on the surface layer
could not be excluded. To examine experimentally
whether the aatellite is due to intrinsic bulk origin,
we chose oxide superconductors YbdiaoeSro 2)2^307
(YbBCO) and Ybo^Yo.eBaaCuaO? (YbYBCO) with
trivalent Yb ions as a bulk sample and measured the
Yb 3d photoemission spectra for clean surfaces of
these samples. The Yb Sd photoemission spectrum of
Yb was measured as reference spectrum.

References
1. A Kotani and H. Ogasawara, J. Electron
Spectrosc. Relat. Phenom. 60 (1992) 257.
2. H. Arai, Doctor thesis, Tohoku Univeraity (1987).
3. H. Ishii, K. Jokura, T. Mitsuishi, H. Arai, S.
Nakai, H. Kataura and T. Hanyu: to be published
in J. Electron Spectrosc. Relat. Phenom. (1996).

The photoemission measurements were performed
using synchrotron radiation (Av-1900, 2400 eV) at
the beam line BL-11B of the Photon Factory as an
excitation source.
The overall
instrumental
resolution was 1.6-2 eV. We obtained clean surfaces
of the YbBCO and YbYBCO samples by scraping them
in situ with a diamond file.

Yb 3d,, XPS

Results and Discussion

M
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Figures 1 (a), (b) and (c) show the Yb 3d 5/2
photoemission spectra of YbBCO, YbYBCO and YbF3
respectively. These spectra show common structures
denoted by Mi, M2, and M3. For YbF3, the tailing
structure S which was detected for the oxides was
not observed. Kotani and Ogasawara1' calculated the
Yb 3d photoemission spectrum by considering the
effect of the multiplet coupling. Their theoretical
spectrum of YbjOs is shown in Fig. 1 (d). The fine
structures corresponding to the 3d94fia configuration are in agreement with the observed structures,
M1( M2 and M3. On the other hand, the structure S
is different in energy position and in intensity from
the satellite due to the 3d94f*% (L denotes a ligand
hole) configuration in the theoretical spectrum.
According to the theoretical calculation,1' the position and intensity of the satellite depend strongly
on the charge transfer energy and the hybridization
strength. Thus, it can be considered that the
structure S is the satellite corresponding to the
3d94fi*l, final state configuration due to bulk origin
The charge transfer energy (A), the 3d core-hole
potential (t//t>, the number of 4/ electrons (nf in the
ground state were estimated from the experimental
results of the intensity ratio of the aatellite to the
main peaks and of the energy separation between
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Fig. 1.
Yb 3dg/2 photoemission spectra of
YWBaoaSroj^CusOy,
Ybo.4Yo 6 Ba 2 Cu 3 O 7 and
YbF3, and the theoretical spectrum of Yb^Os
calculated by Kotani and Ogasawara.1' The origin
of the binding energy was taken at the Yb 3d
main peak.
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Introduction
Adsorption and decomposition of SO2 on
metal and metal oxide surfaces have extensively
been investigated because of industrial and environmental importance of SO2. Although adsorption
of SO2 on Cu(100) at room temperature was previously investigated by means of HREELS and the
adsorbed species were identified as atomic S and
SO3,0 other detailed surface structure is still uncertain. In the present work, we have studied this system
by means of S K-edge XAFS,Sis XPS, AES.LEED
and STM.

trigonal pyramid upward, this leading to direct OCu interaction. From the polarization dependence
of the S-Cu shell, it is also concluded that atomic S
locates on the normal fourfold hollow site accompanied by small lateral outward movements of surface Cu atoms.
The STM images revealed that two phases
coexist in this system; one is a (2x2) domain which
was also characterized by LEED, while the other is a
c(4x6) overlayer detected only by STM. By comparing contrasts of the STM images, we found that in
the (2x2) domain only the SO3 species are found to
exist (one SO3 in a unit mesh), while in the c(4x6)
unit cell there are one SO3and two atomic S species.
These findings imply that noticeable migration of
reacted species should take place around room temperature to form two different domains.
A surface structure model is consequently
depicted in Fig. 1. The present study successfully
demonstrated usefulness of the combined methods
of XAFS and STM, whose information is fully
complementary to each other.

Experimental
Clean and ordered Cu(100) was dosed with~5
L (saturated amount) SO2 at room temperature. S
K-edge fluorescence-yield XAFS spectra and S i s
XPS were taken at BL-11B using I n S b ( l l l ) as a
monochromator. STM images were observed using
an Omicron bolt-on module STM apparatus.
Results and Discussion
The S and O saturation coverages were estimated by AES and XPS to be 0.15±0.01 ML for S
and 0.30±0.03 ML for O, respectively. The Sis XPS
shows two peaks at 2469.8 and 2475.3 eV. The
former is attributed to atomic S,and the latter can be
identified as SO3. This finding is consistent with the
previous HREELS results.0 It is concluded that upon
adsorption of SO2 at room temperature a disproportionation reaction of 3SO2(a)-»S(a)+2SO3(a) occurs
quantitatively. S K-edge NEXAFS confirmed the
presence of atomic S and SO3. Two resonances
originating from SO3 show noticeable polarization
dependence, which are ascribed to the S ls-to-e* and
a* transitions. This clarifies that the polar angle of
the Q axis of SO3 is almost perpendicular to the
surface.
From the S K-edge EXAFS analysis, the S-O
distance was estimated to be 1.49±0.03 A, which is
close to that of Na2SO3 (1.50 A), while the S-Cu
distance was estimated to be 2.30±0.02 A. In order
to clarify whether the SO3 species is directed upward
or downward, EXAFS simulations using FEFF6 were
performed. It was found that in the case of downward orientation the S-Cu contribution is too strong
compared to the experimental data, while the upright orientation shows good agreement. We can
conclude that the SO3 species is oriented with the

Reference
1) K. T. Leung, X. S. Zhang and D. A. Shirley, J.
Phys. Chem. 93,6164 (1989).

-[Oil]
Fig. 1.
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Results and Discussion

Because of the environmental interest, studies
of the reaction of SO2 on metal surfaces have
recently become an attractive subject. Although
there were some previous studies, most of them
were qualitative. In this study we have
investigated
the
temperature
dependent
disproportionation reaction of SO2/Pd(100) and
SO2/c(2x2)O/Pd(100) by means of S K-edge
NEXAFS and S Is XPS and have clarified the
amount of chemical species quantitatively such as
S, SO2 and SO4.

Fig. 1 shows the temperature dependent S Kedge NEXAFS spectra of SOz/Pd(100). The
resonances were assigned made by our previous
experiments. The amount of each chemical species
was estimated by the analysis of these spectra and
S Is XPS spectra (not shown). They are plotted in
Fig. 2, as a function of the substrate temperature.
On both surfaces, at ~ 200 K some part of SO2
desorbs, and SO4 and S species appear, this
implying that the reaction 2SO2 -> SO4 + S occurs.
It should be noted that the creation of SO4 is
enhanced on the O-covered surface, suggesting
that atomic oxygen promotes the formation of the
SO4 species.
It is interesting to note that no SO4 but SO3
appears on Ni(100). Such a metal dependent
behavior would be derived from the difference of
the O-metal bond strength .

flxp g ri m ental
A clean and ordered Pd(lOO) single crystal was
prepared by mechanical polishing and electrochemical etching. An oxygen precovered surface
was made by dosing 55 L O2 at room temperature
and a weak c(2x2) LEED pattern was observed. 0.5
L SO2 was exposed on clean and oxygen covered
Pd(100) at 100 K.
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Fig. 1 Temperature dependent S K-NEXAFS
spectra of SO2/Pd(100).

Fig. 2 The amounts of each chemical species,
(a) SOa/PdaOO). (b) SOs/O/PdQOO)
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Introduction
Methanethiol is the simplest molecule in the
alkanethiols, which are famous for creating selfassembled monolayer on metal surfaces. Prince el al.
[1] have investigated the surface structures of
methanethiol on C u ( l l l ) by means of S K-edge
SEXAFS and NEXAFS, and found that the CH3SH
molecule is adsorbed with S-C bond perpendicular
to the surface and the S atom locates at the hollow
site. In this work, the adsorption of methanethiol on
Cu(100) has been studied using S K-edge SEXAFS
and NEXAFS spectroscopies in comparison to the
previous investigation.

1.82±0.02 A and 14± 14°, respectively. These results
indicate that the distance of S-C bond is as long as
that of gas phase (1.819 A) and the S-C bond is
almost perpendicular to the surface. The S-Cu distance was found to be 2.29±0.02 A and the adsorption site of S atom was determined to be fourfold
hollow site. The strain of the Cu atoms around the S
atom seen in the results of CH3SH/Cu(l 11) was not
found in this system. Figure 2 shows the adsorption
model of CH3S/Cu(100) derived from the above
results.
References
[1] N.P.Prince etd, Surf.Sci. 215 (1989) 566.
[21Y. Kitajima etd. PF Activ. Report p. 17, 18 (1993).
[3] Y.Takataefof, Surf. Sci. 259 (1991) 266.

Experimental
A Cu(100) single crystal was mechanically
and electrochemically 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 CH3SH adsorption on the clean
Cu(100) was carried out by dosing ~5 L CH3SH at
~280±10 K. The temperature was kept at 100 K
during the spectroscopic measurements.
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CHjSH mutti layer

\
B

^>v^_^
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Results and Discussion
Fig. 1 shows the NEXAFS spectra of CH3SH
/Cu(100), together with that of multilayer CH3SH.
Comparing with the multilayer CH3SH spectrum, the
feature at 2473.6 eV was assigned to the a*(S-Q
transition. The o* (S-Q resonance is most enhanced
at grazing X-ray incidence which indicate that the
S-C bond is perpendicular to the surface. The higher
energy shift of a* (S-Q resonance comparing to
multilayer one indicate that the S-H bond is cleaved
and the adsorbed species were methanethiolate
(CH3S") [2][3].
From the analysis of the EXAFS spectra, the
S-C distance and the polar angle of the S-C bond a)
with respect to the surface normal were found to be

\ "*»T
CHJSH/Cu(100)
(ubmonolayw

2470

2410

Photon Energy («V)

Fig 1 S K-edge NEXAFS of CH3SH/Cu(100).

CH,

Fig. 2 Schematic surface structure of CH3S/Cu(100).
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Introduction

found to be tilted ~24° from the surface normal,
this being consistent with the NEXAFS remarks.
The S atom was revealed to locate on the bridge
site. Fig. 2 shows the schematic surface structure
of SO2/Pd(100). Differences of the surface
structures between Pd and Ni are explained in
terms of the amounts of the charge transfer,
namely the strengths of the adsorbate-substrate
interaction.

As we have reported, SO2 adsorbs on
Ni(100),(lll) and (110) [1] with the molecular
plane parallel to the surface. On the other hand.
Burke et al.[2] concluded by means of HREELS on
Pd(100) that the molecule adsorbs with the
molecular plane normal to the surface. In order to
reveal the nature of this difference, we have
investigated XAFS of SO2/Pd(100) and clarified the
difference of the amounts of charge transfer and of
the surface structures between these two systems.

Experimental
All the experiments were carried out at KEKPF BL-11B. A clean and ordered Pd(100) was
dosed with 0.5 L SO2 at -170 K. During all the
spectroscopic
measurements
the
sample
temperature was kept at 100 K.

Results and Discussion
Fig. 1 shows the polar-angle dependent S Kedge NEXAFS spectra of 0.35 ML SO2 adsorbed on
Pd(100). The lower energy peak (2473.6 eV) is
attributed to the Sls-to-7t* resonance and the
higher-energy ones to the a* resonances. From the
polar dependence of the 71* peak, we can deduce
SO2 adsorbed with the molecular plane normal to
the surface. From the suppression of the 7t* peak
compared to the multilayer spectrum (not shown),
the amount of charge transfer from Pd to n* is
estimated to be 0.8 e which is smaller than that of
SO2/Ni(100) (1.2 e). The deconvolution analysis of
the two a* peaks (ai, b2) shows that the C2 axis of
the molecule is tilted from the surface normal.
From the SEXAFS analysis, we can conclude
the S-0 distance was elongated to 1.48 A (cf. 1.43 A
gas SO2) because of the charge transfer to the
antibonding n* orbital, but was shorter than that,
on Ni(100) (1.51 A). The C2 axis of the molecule is

2460

2470

2480 2490 2500
Photon Energy (eV)

2510

Fig. 1 SO2/Pd(100) S K-NEXAFS.

2.26 A
1.48A
Fig. 2 Schematic view of SO2/Pd(100).
[1] T. Yokoyama et al., Surf. Sci. 324 (1995) 25
[2] ML. Burke et al.. Surf. Sci. 194 (1988) 223
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Introduction
A Cu(llO) surface gives various phases of
atomic sulfur adsorption. At low coverage, a
diffuse c(2X 2) USED pattern is observed. Upon
increasing S coverage, a p(5 X 2) LEED pattern
appears [1]. The p(5 X 2) structure has been
studied by the SEXAFS [2] and STM techniques
[3]. These two conclusions, however, show a
contradiction. We reexamined SEXAFS and we
will propose a new structural model which
meets both the findings.

effective coordination numbers agree with the
experimental ones. In order to meet the STM
results, we introduce a missing-row type reconstruction along the [001] axis.
References
[1] J.LDomange et al., Surf. Sci. 11(1968)124
[2] A.Atrei et al., Surf. Sci. 254(1991)66
[3] I.Stensgaard et al., Surf. Sci. 269/270(1992)81

Table 1 The ratios of effective coordination
numbers

Experimental
A clean and (1 x l)-ordered Cu(llO) crystal
was prepared by dosing with ~350 L H2S at
room temperature and then annealed to 840 K.
A clear p(5X2) LEED pattern was observed. S
K-edge SEXAFS (2400-3000 eV) measurements
were carried out at BL-11B in the S-K fluorescence yield mode. The SEXAFS spectra of p(5X
2)S / Cu(110) were taken at 7!=100 K and 9
=90° (normal incidence), 55° and 15° X-ray incidence with two independent azimuthal directions where the lateral components of the electric field vector of X-rays are parallel to the
[llO] and [001] axes .

Angle of Azimuth
incidence

Experi
mental

hollowsite

Model A

15°

1.40

1.07

1.33

1.00

1.00

1.00

90°

[HO]
[Ho]
[I To]

0.740

0.96

0.813

15°
55°
90°

[001]
[001]
[001]

1.25
1.34
1.44

1.10
1.58
1.84

1.37
1.51
1.59

55°

Results And Discussion
The S-Cu distance was determined to be 2.30
±0.02 A, irrespective of polar and azimuthal Xray incidence. This implies that even in the
presence of some inequivalent S atoms as the
STM investigation indicated, all the S-Cu distances should be almost equal to each other.
Analyzing the effective coordination numbers,
no typical geometries could be concluded, but
the hollow-site adsorption is most probable
(Table 1). For the model proposed by STM investigation, a small amount of S locates on the
hollow-site adsorption and the calculated effective coordination numbers don't match the experimental values. We thus propose new model
as shown in Fig.l. In this model, the calculated

Fig. 1A structural model of p(5 x 2)S / Cu(110)
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The information depth X in x-ray
photoelectron spectroscopy (XPS) is defined by
L = _L + -L. [A« and Ax are the photoelectron
inelastic mean free path (IMFP) and the x-ray
evanescent length in the solid, respectively].
To choose several information depths, we have
used the x-ray total reflection technique [1-3].
We can estimate Ae from the reduction factor of
backgrounds.
Total reflection XPS of flat Ag was
measured on BL-11B (Fig. 1). The electron
analyzer was concentric hemispherical analyzer
(Rigaku XPS-7000). The sample current was
measured as a function of glancing angle (Fig.
2). The glancing angle at which the sample
current had a maximum was 26.0 mrad (the
critical angle of x-ray total reflection).
The measured XPS spectra at 0 = 20 and
97 mrad are shown in Fig. 3. The x-ray
evanescent length of these glancing angles were
2.4 and 65.7 nm, respectively. The inelastic
background of the Ag 3d peaks is weaker when
measured at 20 mrad than at 97 mrad.
The observed spectral background
reduction (Fig. 3) is reproduced when XQ = 1.00
nm using Tougaard background [4].

SO

100

ISO

Glancing angle (mrad)

Fig. 2 Measured glancing angle dependence of
sample current.

-400

-300

Binding xiargy (tV)

Fig. 3 Measured XPS spectra in the vicinity of
Ag 3d peaks with glancing angles 20 and 97
mrad.

Electron analyzer

Monochromatized
incident x-ray

References
[1] J. Kawai, S. Hayakawa, Y. Kitajima, and
Y. Gohshi, Anal. Sci. 11,519 (1995).
[2] J. Kawai, S. Hayakawa, Y. Kitajima, K.
Maeda, and Y. Gohshi, J. Electron

Reflected x-ray

Spectrosc. Relat. Phenom, (1995) (in press).

[3] J. Kawai, S. Kawato, K. Hayashi, T.
Horiuchi, K. Matsushige, and Y. Kitajima,
Appl. Phys. Lett. 67,3889(1995).
[4] S. Tougaard, Solid State Commun. 61, 547
(1987).

Fig. 1 Schematic illustration of the present
experimental setup (top view).
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Introduction

ZnSe based II-VI
alloys have received much
attention due to their promising potential for optoelectronic
devices. In the way of applications of ZnSe, employing chlorine
for donor doping progressed the control of doping
concentration. However, characterization of defect structures in
Cl doped ZnSe is still significant for technological applications.
We present Cl K-edge extended X-ray aborption fine structure
(EXAFS) study to elucidate structural characteristics of heavily
Cl doped ZnSe.

2800
3000
3200
Photon Energy (eV)

Experimental

Figure 1
Cl doped ZnSe films were grown on GaAs(100)
substrates by molecular beam epitaxy. The film thickness of
samples is about 1 5j*m. Cl K-edge EXAFS (2750-3200 eV)
measurements were carried out at BL-1 IB with a gas-flow
proportional counter for a carrier saturated sample (NdNa=3xlO"cm"1), an over doping sample (Nd-Na=lxlO"cm">)
and a carrier saturated sample with post-growth annealing
treatment. The sample temperature was kept at about 100K with
Iiquid-N2 cooling. The EXAFS data are analyzed according toa
standard procedure by adopting the parameters calculated with
the FEFF6 program for the backscattering amplitude |f(k)| and
the phase shift functions 6.
Results and Discussion
Figure 1 shows Cl K edge EXAFS spectra of three
samples; (a) a carrier saturated sample, (b) an over doping
sample and (c) an annealed sample. Fourier transforms of their
EXAFS functions kx(k) are presented in Fig.2. The analytical
results for the nearest neighbor peaks a, a', p" and a " are
summarized in table I. The 025 nm-bond can be assigned as
the bond related to the normally substituted Cl atoms at Se
lance sites. On the other hand, the 0.28-0.29 nm-bonds are
considered to correspond to the Cl-Zn vacancy complex, that is,
three-coordinated Cl atom associated with one Zn vacancy,
because the existence of these bonds corresponds to the deep
level emissions around 600 nm in photoluminescence spectra
which have been ascribed to Cl donors with adjacent Zn
vacancy." The assignment of the 0.31 nm-bond in the ovadoping sample is difficult, but we consider its structure as twocoordinated Cl atom associated with divacancy.
References
"KM. Lee. L.S. Dang, and G.D. Watkins, Solid State Commun.
3J. 527 (1980).
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carrier saturated
sample (a)
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over doping
sample (b)

0.25
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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 Cu(100) by means of S
K-edgeXAFS [l],and found thatC4H4S 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 C u ( l l l ) has been
studied to compare with the previous investigation.
Experimental
A clean Cu(l 11) single crystal was dosed with
submonolayer amount (~5 L)of C4H4S at~220±10 K.
The sample temperature was kept at 100 K during the
spectroscopic measurements at BL-1 IB.
Results and Discussion
Figure. 1 shows angular dependent S K-edge
NEXAFS spectra of submonolayer C4H4Son Cu(l 11),
together with that of QH 4 S on Cu(l 11) and randomly
oriented solid C4H4S. Comparing with the multilayer
QH 4 S spectrum, two features at 2472.6 eV and 2473.5
eV were assigned to the n* and a* (S-Q transitions,
respectively. The a*(S-C) resonance is most enhanced
at normal X-ray incidence and it* resonance is enhanced at grazing incidence. This implies the flatlying orientation of the molecular plane on the surface.
Although polarization dependence is effectively canceled out at 55° incidence for any specific sample
orientation, the x* resonance is suppressed comparing
to that of multilayer C4H,S. This originates from the
charge transfer from the Cu substrate to the re* orbital,
and we can estimate the amount of charge transfer by
comparing the intensity of n' resonance of QRtS
/Cu(lll) with that of multilayer C4H4S. It was estimated as (0.5±0.2)e, which is smaller than that of
QH4S/Cu(100) ((1.0±0.2)e).
From the analysis of the EXAFS spectra, the SC distance and the polar angle of the S-C bond w with

respect to the surface normal were found to be
1.72±0.05 A and 90±10° 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
C4H,S is completely flat on the surface. On the other
hand, the elongation of S-C bond was observed on
Cu(100) (the S-C distance of 1.76±0.05 A), which was
caused by the charge transfer from the substrate to n'
orbital. These results were consistent with the smaller
amount of charge transfer. The S-Cu distance was
found to be 2.51±0.02 A. The adsorption site of S was
not determined clearly. All the results mentioned
above indicate that the interaction between C ^ S and
the substrate is weaker on Cu(l 11) than on Cu(100).
These results are reasonable because fcc(l 11) surfaces
are more closed packed than fcc(lOO) surfaces.
References
[1] A. Imanishi et al. PF Activity Report (1994) in
press, and J. Electron Spectrosc. in press.
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Fig. 1 S K-edge NEXAFS of submonolayer and
multilayer Q ^ S / C u O 11)
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Introduction

Fig. 1 (those with E//[001] are not shown). A principal contribution at - 2 A can be ascribed to the
first nearest neighbor Cl-Ni coordination. Table 1
gives the ratios of the effective coordination numbers //r(9,<j>) = jV*(9,<}>)/7V*(e=15°, E//[U0]) determined by the experimental EXAFS spectra, together with the calculated values for typical adsorption sites: hollow, long-bridge, short bridge
and atop. By comparing the experimentally obtained Nr(d,§) to the calculated ones, the shortbridge site adsorption can exclusively be concluded.
The Cl-Ni bond length was determined to be 2.23 ±
0.03 A. Fig. 2 shows a schematic view of the surface structure of Cl/Ni(110).
[1] Y. Takata et al., Surf. Sci. 265 (1992) 111.
[2] N.D. Spencer et al., J. Vac. Sci. Techno! A 1
(1983) 1554.

The metal-halogen interface has been attractive from the point of view of the incipient stage of
the corrosion reaction. Recently, we have investigated the structure of (V3xV3)R30°Cl/Ni(lll) and
concluded that Cl atoms adsorb on the fee hollow
site [1]. This report describes the Cl K-edge EXAFS study of c(2x2)Cl/Ni(110).

Experimental
A clean and (lxl) ordered Ni(llO) crystal was
made in a UHV chamber. As a chlorine source a
solid-state electrochemical AgCl cell was used [2]
in order to avoid Cl contamination in the UHV
system. Cl K-edge EXAFS spectra were measured
by the fluorescence yield at BL-11B. Azimuthalangle dependence of the spectra were investigated
in different runs. In the first run, the electric field
vector E of the X-rays was kept perpendicular to
the [001] axis, while in the second run, E was
perpendicular to[l 10] axis.

Results and Discussion
The coverage of Cl was estimated to be 0.33 ±
0.04 ML. At this coverage, we observed a weak
c(2x2) LEED pattern. Fourier transforms of the
SEXAFS functions with E//[fl0] are depicted in

Table 1. The ratios of effective coordination numbers obtained by EXAFS and those by simulations.
AngUi

en
E//[UO]

15
55
90

E//[001]

15
55
90

2

Exp.

Calc.
hollow
long1
bridge
1.00
1.000 1.000
0.71±0.14 1.026 0.388
0.42±0.08 1.040 0.054
1.01±0.20 1.064 1.114
0.58±0.12 1.323 1.295
7.354 1.758

shortbridge
1.000
0.656
0.469
0.970
0.701
0.014

atop
1.000
0.353
0.000
1.000
0.719
0.000

3 . 4
Distance R (A)

Fig. 1 Fourier transforms of the Cl K-edge SEXAFS functions of Cl/Ni(ll0) with E//[fl0].

Fig. 2 Schematic view of Cl/Ni(l 10).
• Cl O 1st layer Ni ©2nd layer Ni
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phase-difference methods and the differences of the
cumulants of C2 and C3 were obtained .
Assuming a simple third-order polynomial
potential function for the Cl-Ni atom pair, die force
constants a (harmonic) and /? (anharmonic) can
immediately be evaluated from experimentally obtained AC2 and AQ. The results are 0^=0.49
(mdyn/A) and /&=0.41 (mdyn/A2} for the 0.50 ML
phase, and o=0.58 (mdyn/A) and /3=0.21
(mdyn/A2) for 0.25 ML. Adsorbed Cl of lower coverage was actually found to yield stronger Q-Ni
bonds with less anharmonicity. This is consistent
with the fact that the Q-Ni distance in 0.25 ML is
slightly shorter than that in 0.50 ML. It seems that
the negative charge of Cl in 0.50 ML is smaller than
that in 0.25 ML, leading to weaker Coulomb interaction between Cl and positively charged surface Ni
atoms.

Introduction
Surface vibration has become an attractive
subject in recent years. SEXAFS clarifies relative
motions of adsorbate atoms with respect to subtrate
and is useful to compare bond strengths of adsorbate-substrate interaction. In the present study, we
have measured and analyzed temperature dependence of Q K-edge SEXAFS of two a/Ni(100)
phases with saturated and low G coverages, and
discuss the difference of the Cl-Ni bondings.
Experimental
Clean Ni(100) was dosed with Cl2 prepared by
the electrolysis of AgCl. The Cl coverages employed
were 0.50 ML (saturation) and 0.25 ML. The former provided a sharp c(2x2) LEED pattern. Polarization dependent Cl K-edge SEXAFS spectra of the
two Cl/Ni(100) phases were recorded at BL-1 IB at
temperatures of 100, 300 and 500 K with the Cl-K
fluorescence yield mode.
Results and discussion
The structure analysis for the 100 K spectra
was at first performed using the theoretical EXAFS
code FEFF6. Both phases showed similar Fourier
transforms (not shown) except the presence of the
Cl-Cl shell (3.51 A) at normal X-ray incidence in the
0.50 ML phase. On both surfaces, Cl was found to
locate on the fourfold hollow site with the Cl-Ni
distance of 2.31 A for 0.25 ML and 2.35 A for 0.50
ML, respectively. Although almost no lateral displacements of surface Ni atoms were found even for
the 0.25 ML phase, slight expansion of the first-tosecond Ni layer spacing was also concluded for both
cases.
Figure 1 show the filtered EXAFS function
ky^k) at .grazing (15°) X-ray incidence for the first
nearest neighbor (NN) Cl-Ni shells. Although noticeable temperature dependence was observed in
both phases, the amplitude reduction and the phase
delay with a temperature rise are more significant at
high k regions in the 0.50 ML phase. These findings
clearly show that temperature dependence of mean
square and cubic relative displacements Q and C3
are larger in 0.50 ML, implying stronger Cl-Ni
bonds in 0.25 ML. The quantitative analysis was
performed by means of the amplitude-ratio and
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Fig. 1. Filtered kftk) of the first NN Cl-Ni shells in
(a) the 0.50 ML phase at 100 (solid line), 300
(dashed) and 500 K (dotted) and (b) the 0.25 ML
one at 100 (solid) and 300 K (dashed).
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To clarify the influence of hydrogen adsorption
Introduction
on the white line, the difference spectra were
obtained by subtracting the spectra measured
When hydrogen adsorbs on highly dispersed Pt
under vacuum from those measured under
particles, the Pt L2,3-edge peaks are broadened to
hydrogen. The new peak appeared in the
the higher energy side and the new peak appears
difference spectra at about 9 eV above the edge as
at 6-8 eV from the edges in difference spectra
shown in Fig. l(b).
obtained by subtracting the spectra in vacuum
The new peak in difference spectra was similar
from the ones with adsorbed hydrogen [ 1,2].
to the case of Pt/SiO2. The results suggest that
But the origin of the broadening is still not
the change in the edge region is generally
clarified. We measured Pd L3-edge XANES
observed on the metals which adsorb hydrogen,
spectra of Pd particles supported on SiO2 with
and without hydrogen adsorption.
Experimental
Invacuum
lnS.OkPtofHt

Pd/SiO2 (1.0 wt%) were prepared by ionexchange method using aqueous solution of
[Pd(NH3)]Cl2. The obtained sample were
calcined at 573 K in a flow of Q2. The samples
thus obtained were placed in a U-shape Pyrex
glass tube combined in a closed circulating
system, and oxidized with oxygen, followed by
reduction with hydrogen and evacuation at given
temperatures. Pd L3-edge XANES spectra were
measured at BL-1 IB in a fluorescence mode
using the gas-flow proportional counter [3]. The
synchrotron radiation was monochromatized by a
Ge(l 11) double-crystal monochromator. The
sample treated in a closed circulating system was
transferred to a cell with two Kapton windows
without contacting air. Those cells were set in the
UHV chamber which is installed the detector.
The XANES spectra of the supported Pd particles
were measured under vacuum and under 8.0 kPa
of hydrogen. The spectra were normalized by
the edge height at 20 eV above the edge.

3150 3160

3170

3160

(a)

3190

Photon energy/eV

31S0 3160 3170 3160 3190
Photon energy/eV

Fig. 1 (a) Pd L3-edge XANES spectra in vacuum
and in 8.0 kPa of H2, (b) difference spectra for
the sample in H2 with respect to the sample in
vacuum.
Reference
[1] T. Kubota, K. Asakuraand Y Iwasawa,
Chem. Phys. Lett, to be published.
[2] K. Asakura, T. Kubota and Y. Iwasawa,
Proc. 11th Int. Cong. Catal., to be published.
[3] M. Funabashi.T. Ohta,T. Yokoyama.Y.
KitajimaandH. Kuroda, Rev. Sci. Instrum.,
60(1989)2505.

Results and Discussion
Fig.l(a) shows Pd L3-edge XANES spectra for
the Pd/SiO2 catalysts with the dispersion (H/Pt)
of 0.71 and 0.68 before and after H2 adsorption
at room temperature. Both of spectrum of
Pd/SiO2 was broadened by the adsorption of H2.
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Results
In Fig.l, the relative efficiency is plotted as a
function of wavelength on the spectrograph.
These data are taken for the irradiation position at
the center of the grating and for P polarization
geometry. Results are compared between the
case of the brazed grating and that of the laminar
grating in the beam line monochromator. It is
noted that the measured efficiency for the brazed
grating is higher than that for the laminar one in
the longer wavelength region (A>1000 A)
because the higher order diffracted light is
suppressed for the laminar grating.

Introduction
Measurements of spatial and temporal
variation of spectra in the wavelength range from
the vacuum ultraviolet (VUV) to soft x-ray are
necessary to determine radiation power losses
and ion density profiles which directly relate the
impurity transport, confinement and sources in
the magnetically confined plasmas. We have
developed space- and time-resolving VUV(1501050 A ) 1 ) and soft x-ray(20-350 A ) 2 )
spectrographs and applied for impurity
diagnostics in the tandem mirror GAMMA 10.
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^).

References
1) N. Yamaguchi et al., Rev. Sci. Instrum. 65,
3408 (1994).
2) N. Yamaguchi et al., J. Plasma and Fusion
Res. 71, 867(1995).
3) N. Yamaguchi et al., Photon Factory Activity
Report #12, 1994, Proposal No. 93G323.

Experimental
In the space- and time-resolving VUV
spectrograph, a concave grating ruled with varied
spacing (Hitachi, P/N001-0464) has been used,
which has a radius of curvature of 500 mm, a
nominal groove density of 1200 g/mm and a
ruled area 48x48 mm 2 . The incident angle is 51°
and the effective braze wavelength is 600 A. The
entrance slit has a 100 p.m 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
at the beam line 11C. Two different gratings has
been used in the S-N beam line spectrometer, that
are a gold-coated brazed grating and a laminar
type grating. The incident photon intensity was
monitored just behind the entrance slit by using
an XUV silicon photodiode (IRD, AXUV100)
and then the output spectral image was recorded
by using an instant camera. Measurements are
repeated for incident wavelength from 300 A to
1150 A, for P polarization geometry in the
spectrograph. Recorded images were analyzed
by using an image scanner and a personal
computer.

10

*

&

*

Au-coatcd grating 1 ;
laminar grating
|

i
•...A

i 10 2

i;
' &
: &

*
.o2

'
U
A

j

rr©
200

400

600

800

i

i

*

*

.

.

1000

Wavelength (A)

Fig.l Relative efficiency of the VUV
spectrograph.
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A number of studies have been made both
experimentally and theoretically concerning the relation
between the excitonic transitions in alkali halides and the
location of critical points in the band structure. However,
only a few magnetic-circular-dichroism (MCD) studies
have been reported concerning alkali-halide excitons,1'2)
though MCD experiments could provide valuable
information about the electronic states relevant to optical
transitions. Here we report on the MCD spectra of KI and
Rbl in the region up to 9.5 eV.
The MCD measurements were made both at 30 K and
at 300 K with a reflection method in the Faraday
configuration. A magnetic field of 5 T was applied to the
sample using a UHV superconducting magnet. linearly
polarized monochromatized SR was converted to 50-KHz
left- and right-circularly polarized light by a CaF 2
photoelastic modulator. The light was nearly normally
incident onto a cleaved surface of single-crystal samples.
Figures l(a)-l(c) show the reflection MCD (RMCD),
logarithmic energy derivative of reflectance, and reflectance
spectra, respectively, of Rbl measured at 30 K. The
spectra for KI taken at 30 K are similar to those in Fig.l.
Comparison of Fig. l(a) with Fig. l(b) shows that the
RMCD signal for each exciton peak below -7.5 eV is
well proportional to the corresponding logarithmic energy
derivative of the reflectance. This result implies the
validity of the rigid shift model. Hence, without making
Kramers-Kronig analyses, we can directly determine the
gdf for each exciton from relation,
(AR/R)MCD = -

1)
2)
3)

R. K. Ahrenkiel and K. J. Teegarden, Phys. Stat.
Sol. b51 (1972) 603.
R. Onaka et al., J. Phys. Soc. Jpn. 52 (1983) 1045;
52 (1983) 3248.
F. Beerwerth et al., Phys. Rev. B36 (1987) 6239; 38
(1988) 4250.
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where Hg is the Bohr magneton and H is the applied
magnetic field. It was found that the rigid-shift model
also holds for dominant exciton peaks in the spectra taken
at 300 K. The experimentally determined values of g^ for
the prominent excitons are tabulated in Table I.
Peaks ® , <2) and 3 ) show nearly equal positive g ^
values and can be attributed to the F excitons.
By
combining the g ^ of peak0with that of a pure triplet F
exciton deduced from three-photon spectroscopy by
Beerwerth et al., 3 ) we obtained the separate g values of the
F£ conduction and F* valence band edges: g & = 1.77 for
KI and 1.72 for Rbl, and gg v = 1.21 for KI and 1.20 for
Rbl. Prominent peaks @ and ® exhibit negative g ^
values, which are in sharp contrast to p e a k s ® , 3)and 3}.
From piezoreflectance studies the present authors have
assigned peak 4 to an exciton at the L point and feature (&
to a composit structure of excitons at the L and X points.
The preliminary result of tight-binding calculations for
gjg. is consistent with the above assignment.
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Fig. 1. (a) Reflection MCD spectrum of Rbl measured at
30 K. The sign of the MCD spectrum is reversed for the
sake of a comparison, (b) Logarithmic energy derivative
of the reflectance of Rbl at 30 K.
(c) Reflectance
spectrum of Rbl taken at 30 K.
T«blel. EwciiiueuaUydclennincd effective » values of prominent cxdtom in KI mi Rbl.
Kl(30K)
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Motohiro SUZUKI, Takefusa KOTANI, Yuichi UMEDA, Miho SEYAMA,
Masaaki KOBAYASHI, and Akira MISU
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INTRODUCTION
Many optical and magneto-optical studies concerning
with magnetic Fe ions in iron garnets have been reported.
The optical spectra have been taken in the visible and ultraviolet region, but only few spectra in the vacuum ultraviolet region '• 2>. In this study, spectra of dielectric constants in the photon energy region from 1.9 to 11.5 eV were
obtained from measurements of reflectivity spectra. Yttrium iron garnet, Y.iFer.Oia, (YIG) and bismuth-substituted
yttrium iron garnet, Y2f.Bior.Fe5012, were studied.
EXPERIMENTAL
Measurements were performed at BL11C using a SeyaNamioka monochromator 1 m in focal length. Reflectivity
spectra for p-polarization with three different angle of
incidence, 9=5, 45, and 60° , were measured at room temperature. The light divergence was about 2° , and the
band-pass was 0.4 nm.
A window-less Si photodiode (IRD, AXUV-100) was used
as a detector. The light intensities incident on and reflected from a sample were measured successively with
monitoring a photo-current from a pre-focusing gold mirror
of the monochromator.
RESULTS AND DISCUSSION
The top of figure shows reflectivity spectra in YIG for ppolarized light with three different angle of incidence 9= 5,
45, and 60° . In the region below 7 eV, the reflectivity
decreases against increasing angle of incidence, while the
spectra are similar in shape. In the region above 7 eV, a
tableland-shaped feature observed in the spectrum with
6 = 5° changes into round-shape and the reflectivity increases with increasing 9.
The spectra of optical constants n, K and of the real part
s\ and the imaginary part a of dielectric constant were
obtained by a least square fitting analysis according to
Fresnel's equation. In order to confirm the accuracy of the
fitting analysis, the thin solid curves in the figure shows the
reflectivity spectra reproduced from the obtained s\ and si.
The obtained spectra of e\ and si in YIG are shown by
solid curves in the bottom. In the region below 7 eV, the
spectra are nearly the same as the reported spectra •'>. The
structures in YIG spectra below 5 eV have been assigned to
the charge transfer transitions from the O 2p band to Fe 3d
levels.
The tableland-shaped feature in the reflectivity spectrum starting from 8.8 eV corresponds to the band located
at about 8.5 eV in the ei spectrum. No structure in the &
spectrum is obtained in the photon energy region above
9 eV. The e\ decreases against increasing the photon energy,
and reaches almost zero at about 10 eV where the tableland
feature exists in the reflectivity spectrum. The tableland
feature is not an absorption, and the reflectivity increases
due to a kind of plasma resonance.
The figure also compares e\ and Si spectra of
Ya.5Bior.Fe5012 to those of YIG. Similar structures are
observed at 7.6 and 8.5 eV, respectively. The & structures
decrease against the bismuth concentration. The structures are due to the transition associated with yttrium ion
because the intensity decreases with decreasing net amount
of yttrium ion. It have been reported that similar structures due to the charge transfer transitions of from 0 2p
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bans to Y (4d+ 5s) levels are observed in yttrium aluminum
garnet 4> and Y2O.1 s> in the similar photon energy region.
We also measured reflectivity spectra of bismuthsubstituted gadolinium iron garnets, Gdi^BUfesOu (x = 0.5.
0.8, and 1.1). No corresponding structure is observed at
8.5 eV. It is concluded, therefore, that the structure presently observed around 8.5 eV is due to the transitions of
yttrium ion.
REFERENCES
1) M. Kucera, V. N. Kolobanov, V. V. Mikhailin, P. A.
Orekhanov, and V. N. Maknov, Phys. Stat. Sol. (B) 157,
745 (1990).
2) M. Yuri, H. Miyauchi, A. Egami, S. Hosoi, H. Kato, and
H. Fukutani, J. Phys. Soc. Jpn, 63, 4638 (1994).
3) F. J. Kahn, P. S. Pershan, and J. P. Remaika, Phys. Rev
186, 891 (1969).
4) T. Tomiki, F. Fukudome, M. Kaminao, M. Fujisawa, and
Y. Tanahara, J. Phys. Soc. Jpn, 55, 2090 (1986).
5) T. Tomiki, T. Shikenbaru, Y. Ganaha, T. Futemma, H.
Kato, M. Yuri, H. Fukutani, T. Miyahara, S. Shin, M.
Ishigame, and J. Tamashiro, J. Phys. Soc. Jpn, 61, 2951
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Figure Reflectivity spectra in yttrium iron garnet (YIG)
for ^-polarized light with three different angle of incidence
0 = 5 , 45, and 60° and reflectivity spectrum in bismuthsubstituted yttrium iron garnet (Yi.sBio.sFesOia). Thin
solid curves show reproduced reflectivities from dielectric
constants e\ and a obtained by the least square fitting (top.)
The real part £1 and the imaginary part & of dielectric
constant in YIG and Y2.5Bio.5Fer.O12 (bottom).
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INTRODUCTION
The temperature dependence of Magnetic circular dichroism (MCD) of reflectivity spectra in bismuth-substituted
gadolinium iron garnets, Gd»«Bi,Pe,Ou (•* = 0.5, 0.8, and 1.1)
were measured between 104 and 330 K in the photon energy
region from 20 to 40 eV. The obtained MCD signal, which
was associated with the inner core transitions of Gd ions,
showed different temperature dependence from that of
Faraday rotation reported in the visible region. "
EXPERIMENTAL
Measurements were performed at BL11C using SeyaNamioka monochromator 1 m in focal length. MCD of reflectivity spectra were measured by means of magnetization
modulation technique. A four-mirror type polarizer was
used to obtain circular polarized light. The details of the
experimental arrangement have been described elsewhere. *>
Sample temperature was controlled between 104 and 330 K
using a liquid nitrogen cryostat and a ceramic heater. The
angle of incidence was 15° .
RESULTS AND DISCUSSION
The top of fig. 1 shows MCD of reflectivity spectra measured at three different temperatures, 104, 154. and
322 K, in GdzsBiosFesO^ sample. The sign of the MCD is
defined as (AR / R)UCD = (/?, - R_) I [(R+ + R_) / 2],
where R^ (R_) is the reflectivity when the angular momentum vector of the incident circular polarized light is parallel
(antiparallel) to the sample magnetization. Reflectivity
spectra measured at 77 and 300 K are shown in the bottom.
The reflectivity spectra were observed almost independent of temperature. The MCD at lower temperatures, 154
and 104 K, show the opposite sign to that at 322 K, and the
absolute values of MCD increases against decreasing temperature
It was reported that transitions of Gd bp —• 5rf are located at about 23 eV. 3> The diamagnetic 4/electrons are not
involved in this transitions. Transitions of Bi bd —• &p are
located at 29.2 eV.
Figure 2 shows temperature dependence of MCD signal
measured at photon energy kept 23.4 and 29.6 eV. Similar
temperature dependence were observed in both photon energy. The MCD signal is vanished at 214 K, and the sign of
MCD signal changes at the temperature, which is the compensation temperature, 7b, of GdasBio.sFesOn.
The 7b of Gcb^Bio.gFesOiz and GdioBii.iFesOii: samples
were 175 and 146 K, respectively. The temperature dependence of MCD signal depends on the bismuth concentration
was similarly to the temperature dependence of the magnetization. '>
The solid line shows the temperature dependence of
Faraday rotation in the wavelength of 633 nm. " It was
reported that the temperature dependence of Faraday rotation in the visible region agrees with that of the sublattice
magnetization of Fe ions. The MCD observed in the transitions of Gd ions depends on temperature differently from
those of Fe ions.
The temperature dependence of the magnetic moment of
Gd ion, which was obtained by the magnetization measurement4), is compared to the MCD signal. Both data are agree
qualitatively except for the distortion near the compensation
temperature. It is considered, therefore, that the magnetic
moment of Gd or Fe ions is reflected in the MCD signal in the
VUV or visible region, respectively.
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Figure 1 Magnetic circular dichroism of reflectivity spectra in Gd2.sBio.5Fe50i2 measured at three different temperatures, 104, 154, and 322 K. (top) Reflectivity spectra measured at 77 and 300 K. (bottom)
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Figure 2 Temperature dependence of magnetic circular
dichroism measured at photon energy kept 23.4 (open circles) and 29.6 eV (open squares). The solid line shows the
temperature dependence of Faraday rotation angle in the
wavelength of 633 nm. "
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j ^ is a typical member of ferrites.
The
magnetic properties of the ferrites have long attracted much
attention from both fundamental and technological points
of view. Magnetic circular dichroism (MCD) in core-level
absorption is element specific and site selective, thus
providing valuable information about the magnetic and
electronic states of magnetic substances. Sette et al. [1]
measured the MCD of CoF^O,, at the Fe Lj 3 and Co Lj 3
core edges. We report on the results of an MCD study of
CoFejO,, around the Fe M 2 3 and Co M 2 3 core edges.
The sample was a poly crystal of C o F e ^ . Disks of
- 1 0 mm in diameter and 2-3 mm in thickness were cut
from the crystal rods. They were mechanically polished to
optical surfaces. The experiments were performed with a
reflection method [2] using circularly polarized synchrotron
radiation from a bending-magnet source (BL-11D).
A
magnetic field of 1 T was applied to the sample. The
direction of the magnetic field was reversed, with the
helicity of the incident light fixed.
Figure l(a) shows the reflectance spectra of CoFejO,,
measured for two opposite magnetization directions. Here,
R+ and R. represent the reflectances involving transitions
with AJ z =+l (a + ) and AJ z =-l (a.) with the z direction
taken in the direction opposite to the sample
magnetization (i.e., the majority-spin direction). Figure
l(b) displays the reflection MCD (RMCD) spectrum,
AR/R=(R + -R_y[(R ++ R_)/2], deduced from the spectra in
Fig. l(a).
A correction for the degree of circular
polarization (|Pc|=80%) has been made for the RMCD
spectrum.
Strong MCD signals were observed for the Fe M 2 3
giant absorption and prethreshold multiplet structure as
well as for the Co M 2 3 giant absorption. In C o F e 2 0 4 the
magnetic moments of the C o 2 + ions at the octahedral sites
are responsible for the macroscopic net magnetization. The
spin- and site-decomposed densities of states (DOS) derived
from a band calculation [3] show that the Co 3d unoccupied
states exist only for minority (down) spins. Thus, one can
naturally expect an MCD signal at the Co M 2 3 core edges.
The observed MCD spectrum exhibits a strong negative
peak at the Co M2>3 edges with almost no positive signal
on the high-energy side. This result is consistent with that
of Sette et al [1]. These results indicate that a remarkably
large Co 3d orbital moment remains in C o F e ^ .
The MCD for the Fe M 2 3 giant absorption in Fe 3 O 4
was attributed to the magnetic moments of the F e 2 + ions
on the octahedral sites [2], which is just as the MCD at the
Co M2>3 edges in CoFe 2 O 4 . In contrast, the MCD at the
Fe M 2 3 giant absorption in C o F e ^ must be explained
without any contribution of the Fe 2 + ions. The magnetic
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moments of the Fe 3 + ions on the tetrahedral and octahedral
sites cancel out macroscopicaUy. However, the crystal
fields are not equivalent in symmetry for two sites (Td and
O,, symmetries, respectively). The present observation of
strong MCD signals at the Fe M 2 3 edges in C o F e ^
indicates that the Fe 3d electronic states could be different
for the two sites.

[1] F. Sette et al., in X-ray Absorption Fine Structure, S.
S. Hasnain (ed.), (Horwood, New York, 1991).
[2] T. Koide et al., Phys. Rev. B 4 4 , 4697 (1991).
[3] M. Penicaud et al., J. Mag. Mag. Mater. 103, 212
(1992).
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Fig. 1. (a) Reflectance spectra of C o F e ^ around the Fe
M 2 3 and Co M2>3 core edges far two different orientations
between the spin direction of the incident photons and that
of the majority 3d electrons, (b) RMCD spectrum of
CoFe 2 O 4 deduced from the spectra in (a).
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Introduction

collective excitation of the free electron in the K overlayer, it is suggested that the peak C is the occupied
state of the valence band formed in the K overlayer.

In our recent core-level photoemission studies, the
adsorption process of K on the polar NbC(lll) surface
is found to be much different from that on the neutral
NbC(lOO) suface: the former proceeds via polarizeddepolarized phase transition while the latter proceeds
via the island formation [1,2]. In particular, the halffilled surface induced state formed with the large density of state (DOS) at around the Fermi level (EJP) on
the NbC(lll) surface is expected to play an important
role upon K adsorption.
In this work, we report the results of the ARPES
study for the K-covered NbC(lll) surface.

2
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Experiment

The PE experiments were performed on BL-11D.
The clean NbC(lll) surface was obtained by repeated
flashings to around 1500 *C. The surface thus prepared
shows the sharp ( l x l ) LEED pattern. Potassium was
deposited on the surface at room temperature using a
well-degassed SAES dispenser.

3

Result
4

Fig. 1 shows the change in the normal-emission spectra for the valence region of the NbC(lll) surface as a
function of K coverage (6K)- The intense peak (peak
A) is observed at 0.2 eV for the clean surface. This
peak which is attributed to the surface induced state
becomes less intense for a small amount of K adsorption. At 6K = 0.15 ML, the new peak (B) appears at
the higher binding energy side of the surface induced
state. The peak B then continuously shifts to 1.1 eV
as 8K increases. From the resonance experiment for
the 0.6 ML K-covered surface, the peak B shows the
intensity maximum at hi/ = 50 eV which is characteristic for the 4d cross section. Thus it is concluded that
the peak B is the modified surface induced state due
to the change in the surface potential on the NbC(lll)
surface by the K adsorption.
At coverages more than 0.45 ML, another peak labelled C is observed at just below the Ef. The coverage where the peak C appears coincides with the appearance of the plasmon loss peak in the K 3p spectra
as shown in Fig. 2. Considering that the plasmon is the

2
EF
Binding Energy («V)

Figure 1: Change in the normal-emission spectrum of
NbC(lll) as a function of 9K.

20
15
Binding Energy («V)

Figure 2: The K 3p core-level spectra for varying K
coverages on NbC(lll).
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Introduction
We have recently reported that the
photoelectron intensities from the surface state
on the Si(100) periodically oscillate during Si
growth and that the oscillation is associated with
the alternation between the 2x1 and the 1x2
surface reconstructions1"3). For investigating
the difference between the photoelectron
intensities from the 2x1 and the 1x2 surfaces
more explicitly, we have performed angleresolved-ultraviolet-photoelectronspectroscopy measurements for both Si(100)2xl
and 1x2 clean surfaces.
Experimental
Experiments were performed at beam line
BL- 11D. The photon energy (23.3eV) and the
incident angle of the SR- light (45°) were the
same as previous oscillation conditions. A
mirror-polished Si(100) wafer, whose surface
was off-oriented from the (100) by ~ 3 ' along

band dispersions between the 2x1 and the 1x2
clean surfaces.
References
l)Y.Takakuwa et al., Appl. Phys. Lett.
64(1994)2013.
2)Y.Enta et al., Surf. Sci. 313(1994)L797.
3)Y.Enta et al., Appl. Surf. Sci. 82/83(1994)327.

[Oil] and by 0 to -30" alog [011] directions,
was used. By repeating anneal (10001) and
deposition of Si buffer layer, we prepared
single-domain surfaces.
Results and discussion
As can be seen in Fig.l, the emissions at the
polar angle (9) of 0° showed no difference
between the spectra from the 2x1 and the 1x2
surfaces, while slight differences were observed
at the other angles. The appearance of the
difference only at tilted angles indicates that the
difference originates from the surface band
dispersions. The difference spectra at 9=5° (the
dots in Fig.2(b)) agreed well with the
photoelectron energy dependence of the
oscillation amplitude (the solid circles with the
solid line). This clearly indicates that the
photoelectron intensity oscillations on the
Si(100) arise from the difference in the surface

Fig.l. ARUPS spectra of Si(100)lx2(solid line) and
2xl(broken line) clean surfaces at various emission
angles.

1x2 clean surface
2x1 clean surface

4
2
0(E F )
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1x2 clean surface
2x1 clean surface

i
(b)
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1x2-2x1 difference
>- amplitude of
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O(EF)
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Fig.2. (a)ARUPS spectra at 6=5° in Fig.l.
(b)difference spectrum(dots) and amplitudes of the
UPS oscillations(solid circles with solid line).
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Introduction

GaN and related group-lll-nitrides have received
much attention due to their promising potential for short
wavelength optoelectronic devices. Although many band
calculations have been performed, few experimental studies
have been reported about its band structure. In this report, we
present angle-resolved photoemission (ARPES) study of GaN
to elucidate it.

«*"N

d
Experimental

%2/

The sample was Si-doped, n-type. GaN film on
sapphire (0001) grown by RF-plasma enhanced molecular
beam epitaxy. The clean surface, showing p(l x l ) LEED pattern
was prepared by repeated Ar* ion sputtering and annealing
cycles. The cleanliness of the sample surface was confirmed by
Auger-electron spectroscopy. ARPES measurements were
performed at BL-1 ID. The angle o f incidence o f the light, Bh
was 45°. The overall energy resolution was about 0.3 eV. The
base pressure was less than 1 x 10"' Torr.

15
Results and Discussion

10

5

0

Binding Energy (eV)

Figure I shows normal-emission spectra of
GaN(0001) measured at 40 eVs hv s80 eV. The zero of the
energy scale is at the position of the Fermi level in the sample.
Two peaks can be seen for photon energies between 40 eV and
60eV. The lower peak is mainly related to Ga4p-N2p bonding
states, while the higher one corresponds to Ga4s-N2p bonding
states. Assuming a free-electron-like final band, we mapped the
binding energy of all the peaks in the normal emission spectra
onto points along the [0001] (r-A) direction in the bulk
Brillouin zone. Figure 2 shows experimental points plotted by
solid circles over the calculated band structure by Y.-N. Xu and
E.Y. Ching". In this figure, the zero is at the position of the
valence-band maxtmum (VBM). Band width obtained from our
experiment was 6.5 eV. and was about 1-1.5 eV smaller than
the calculated values. The experimental binding energy of the
Ga 3d peak was about 15.5 eV below the VBM, and its position
is about 2 eV bdow the position by LDA band calculation.
These discrepancies indicate the difficulty of proper treatment
of Ga 3d semicore states in GaN. It seems to be necessary to
treat self-energy effects mote properly in the band calculation
of GaN.

Figure 1

References
Figure 2

"Y.-N. Xu and W.Y. Ching. Phys. Rev. B, 48, 4335 (1993).
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With regard to the resonance profile for the 5dnpxP\
series, it is noticed from figure 1 that a line profile of l i p
resonance differs from that of 20p resonance. This fact
suggests that the Fano's profile index, q, may show a
discontinuous change at a certain point between 1 \p and
20p. Our data will allow to analyze the resonance profile
using the Fano's formula in detail.

INTRODUCTION
Theoretical calculations of the photoionization cross
section of barium in the autoionization region have been
improved during the past decade11. On the other hand,
previous experiments for the cross section could not provide
reliable data2-3'.
The present report gives the absolute photoionization
cross section of Rydberg series converging to the 5A/2 and
5dtn thresholds.
EXPERIMENTAL
The experiments are carried out using a high-resolution
spectrometer 6VOPE installed to beam-line BL-12B. The
main 6.65m grating, having 1200 grooves/mm and blazed at
5500A, was used in the second spectral order. The
instrumental resolution was estimated to be approximately
0.02A in the focal scanning mode with the entrance and exit
slit widths of 10(xm.
The column density of Ba vapor in a heat pipe oven
could not be measured using a Mach-Zender interferometer
on the beam-line. Thus, a second spectrometer, which is an
asymmetric Czerny-Turner type equipped with a photodiode
array detector, was used to monitor the autoionization
absorption profile of the 6s21So-5d8/j1Pi transition at
A.238nm. At the laboratory, its absorption profile has been
calibrated by means of simultaneous dispersion measurement
for the column density with the Mach-Zender interferometer.
The column density determined is within 3% uncertainty,
while its absolute scale relies on the absolute value of
absorption oscillator strength/=1.59 for the resonance line
6s2 'So-6s6p'Pi at A.554nm4). The operating temperatures of
the heat pipe oven were 830 - 950K and the corresponding
column densities of Ba vapor were from 6.2 X10 3 to
1.45X10- 2 Mb'.
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RESULTS
Figure 1 shows the photoionization cross section of
barium in the wavelength region from 2095 to 2190 A. The
wavelength scale was calibrated with the high resolution data
of Garton et aP. The uncertainty of cross section is
estimated to be less than 10%.
As can be seen in figure 1, the 5dnplP\ series converging
to the 5d$a threshold is resolved up to n=44. Beside, two
lines of 5d44/3Pi and 5d45f3Pi, which were obscured by the
line of 5dl5pJPi in the measurement of Garton et aF>, can be
found out in the present experiment.
Our cross sections at resonance peaks of the 5dnplPi are
considerably larger than those by Hudson et aP and
Griesmann et aPK For example, our value at the highest
peak of SdlZp^i in figure 1, is about twenty and fifteen
times compared with values by Hudson et al and Griesmann
et al, respectively. To our regret, the theoretical cross
section in the present wavelength region have not been given
as yet.

Figure 1. Photoionization cross section for the Rydberg
series of barium converging to the Sdm and Sdsn thresholds
at a resolution of 0.02A.
REFERENCES
1)M. Aymar, J. Phys. B: At. Mol. Opt. Phys. 23,
2697(1990).
2)R. D. Hudson et al, Phys. Rev. A2, 643(1970).
3)U. Griesmann et al, J. Phys. B: At. Mol. Opt. Phys. 25,
3475(1992).
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Introduction
We have developed hydrogen absorption cells for an
ultraviolet imaging spectrometer UVS on board the
Japanese first planetary satellite PLANET-B for
measurements of the Martian hydrogen corona.
Successful experiment by the Lyman alpha photometer
on board the S - 520-19 rocket has proven effectiveness
of the absorption cell technique to observe the
geocorona. However, the instruments on board
PLANET-B must be small, light-weight and efficient in
energy consumption because of limitation of the energy
and weight budget. Therefore, efforts in improving
performance of the absorption cell have been made to
achieve more effective absorption by dissociated
hydrogen atoms. From theoretical consideration it is
expected that temperature and density distributions of
dissociated hydrogen atoms in a cell must be
inhomogeneous. The purpose of this experiment is to
measure absorption profiles along several light paths in
an absorption cell using the high resolution vacuum
ultraviolet spectroscopic facility (6VOPE) of the Photon
Factory in National Laboratory for High Energy Physics
and to guess temperature and density distributions of
dissociated hydrogen atoms in the cell.
Experiment
The hydrogen cells used in this experiment are
100mm long columns with a 25mm diameter and two
MgF2 windows at the both ends. Inner surface of one of
the cells is coated by teflon. Hydrogen gas is filled in the
cells at pressure of 3.0 torr. Absorption profiles of
hydrogen Lyman alpha (121.6nm) for four filament
temperatures are measured with 6VOPE along five paths
using a synchrotron radiation beam as a light source as
shown in Figure 1. The beam diameter, which was
assumed to be same as that of the Oth order light, is
reduced to be 6mm from the original beam diameter of
10mm. An absorption profile is obtained in a 20min scan.

The results suggest that teflon coating has an effect to
reduce optical depth and temperature gradients in a cell.
Conclusion
It is concluded that dissociated hydrogen atoms
distribute far from the filament but a light path should be
as close as possible to the filament to maximize the
absorption. This conclusion is consistent with the
qualitative consideration from the nature of atoms in the
cell and must be useful information to design the flight
model of V\'S, however, a simulation is required to
evaluate the results of this experiment quantitatively.
The authors thank Mr. Matsui for his kind assistance
in operation of 6VOPE throughout this experiment.

T

25 mm

I

Figure 1. Five positions of the synchrotron
beam in the cross section of the absorption cell.
(a)

Results
Temperatures and optical depths of hydrogen gas in
the cell are derived from the measured absorption
profiles by a least-square fitting method. Figure 2
shows the optical depths and temperatures versus
distance between the beam and the filament for four
filament voltages for the absorption cell without teflon
coating. Note that the temperature and optical depth
derived from the experiments are average values along
the beam path. Both the temperature and optical depth
decrease as the distance. This tendency is also seen in
the result of the same experiment with the absorption
cell with teflon coating. It has been expected that teflon
coating should reduce recombination rate of dissociated
hydrogen atoms at the inner surface of the cell body.

(b)

Figure 2. (a) Optical depths at the wavelength
of Lyman alpha and (b) temperatures of
hydrogen gas in the cell versus distance
between the beam and the filament.
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Introduction

X-ray Raman scattering (XRS) spectroscopy
gives essentially the same spectra as soft x-ray
absorption and EELS, but it has several
experimental advantages. In particular, crystal axis
can be aligned precisely parallel or perpendicular
to momentum transfer q, allowing a perfect
separation of a and 7Z transitions for layered
compound like BN.
In this study XRS of both B and N Is core
electrons are observed for the first time on h-BN
single crystal. From the anisotropy of the spectra,
the symmetries of final states of various bands in B
as well as N core absorption spectra have been
unambiguously determined.

BN single crystal. The energies of the exciting xrays were 6514 and 6725 eV for B and N,
respectively. In the q//c spectrum of B a sharp
peak at 192 eV is evident, while in the q -Lc
spectrum nothing above noise level is observable
at this energy, therefore unambiguously showing
that this band entirely consists of transitions to
n* states. Other bands in B as well as N XRS
spectra can also be assigned, giving decisive
results for symmetries of the excited states of this
compounds.
2500

BN (N Raman)
2000

F/yperime.ntal

XRS measurements were carried out at BL12C
and 16A. Scattered x-rays were analyzed with a
polychromator equipped with a cylindrically bent
50 X50 mm 2 Ge(440) crystal having a 550 mm
radius of curvature. The cylindrical axis is in the
scattering plane; thus scattered x-rays are vertically
focused and horizontally dispersed with respect to
the scattering plane. X-rays are detected with a 100
mm-long PSPC. In this configuration a 100 eV
bandpass centered at 6295 eV was collected into a
well defined angle of 80 ±2.5° . Since no slit was
employed to avoid parasitic scattering, the
resolution of the experiment is determined mainly
by the illuminated size of the scatterer and was
typically about 1.5 eV. BN single crystal was
purchased from Union Carbide.
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The scattered x-rays were collected at 90°
from the sample, which was mounted with the
c-axis either prarallel or perpendicular to the
scattering vector q as shown in Fog. l b .
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Fig. 1. (a) XRS spectra of BN single crysta at N
K absorption edge, solid line:q//c, dotts: q -Lc.
(b) XRS spectra of BN single crysta at N K
absorption edge, solid line:q//c, dotts: q JLc.

Results and Discussion
Fig. 1 shows polarized XRS of N(a) and B(b) of
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Introduction
Hemoproteins, which contain the heme (ironporphyrin complex) in their active site, are
ubiquitous in biological system, and are involved
in many important biological reactions.All the
reactions catalyzed by the hemoproteins are
occurred on the iron site, and the reactivities are
controlled by the iron coordination structure. To
understand the structure-function relationship of
the hemoproteins, we characterized the iron
coordination structure of two hemoproteins,
cytochrome P450nor and FixL, using EXAFS.

The finding suggested that NO ligand binds to the
ferric iron more strongly in P450nor than in
general P450's. The suggestion agreed with the
observations in the IR and resonance Raman
spectroscopies. The strong binding results in
decrease in the electron density on the iron-bound
NO, which can be accept electrons from NADH
to be reduced to N 2 O. The structural
characteristics of P450nor evaluated by EXAFS
measurements were well consistent with its
functional characteristics.

Experiments
The EXAFS spectra were measured using
monochromatizea synchrotron radiation at
BL12C of PR The data were recorded at 80K as
a fluorescence excitation spectra, and the final
spectra were obtained as an average of a 5-hours
scan. The protein sample (~lmM) was placed at a
45 degree angle against the incident X-ray beam,
and the fluorescent X-ray intensity perpendicular
to the beam was measured using a solid state
detector (Cambera). The data, after averaging,
were analyzed using the EXAFS analytical
program EXAFSH.
Results and Discussion
Cytochrome P450nor
Cytochrome P450nor (P450nor) is an enzyme
catalyzing the NO reduction to N2O using
electrons directly transferred from NADH. The
reactivity is very unique, because general
cytochrome P450's exhibit the monooxygenation
activity, in which the oxygen atom from O2 is
inserted into organic substrates. The aim of our
present study was to elucidate the structural
difference at the active site, i.e., the iron
coordination structure, between P450nor and
general P450's.
We measured the EXAFS spectra of P450nor
in several
iron2+oxidation/ligation/spin
states; Fe 3+ ,
3+
+
Fe NO, Fe , and F<? CO states. In the
analysis of these spectra, we found that
interatomic distances between the iron and the
ligands are basically the same between
P450nor
and2+ the general P450's in the Fe 3+ , Fe 2+ , and
Fe CO
states.For example, we obtained the FeFe-N
S
CVM
oor and Fe-Cco at 2.35, 2.03 and
1.7TA for itne Fe 2+ CO enzyme, respectively.
However.it was noteworthy that the Fe-N N 0
bond length is specifically different between
P450nor (1.74A) and general P450's (1.80A).
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Bacterial Oxygen Sensor FixL
FixL is a hemoprotein having a kinase
domain, which senses the O^ level in root
nodules to regulate the transcription of nitrogen
fixation genes via a phosphorylation of another
protein. In the O^-bound form of the heme
domain, the kinase domain of FixL is inactive,
while it is active in the Oj-unbound form. To
elucidate how the conformational change induced
by the O^-dissociation causes the activation of the
kinase domain, we characterized the iron
coordination structure of the heme domain of
FixL (FixLN) using EXAFS.
The EXAFS results clearly demonstrated that
O2 coordinates to the iron at the heme sixth site
with a bond distance of 1.87A in the oxy state,
and that the nitrogenous ligand from His 194 is
present at the fifth axial position in both the oxy
and the deoxy states. It was found that the bond
length of the imidazolyl nitrogen of His to the
heme iron (Fe-Nu:) is longer in both the oxy
(2.11 A) and the deoxy (2.15A) states than those
in the corresponding states of other hemoproteins
(e.g~ 2.07A for myoglobin in the oxy state, and
2.10A in the deoxy state).
Support for the EXAFS results was provided
from the resonance Raman measurements of
deoxy FixLN, in which the Fe-Nujo stretching
frequency was observed1 at 209cm"1, in
comparable to that (219cm" ) for deoxyMb. Our
EXAFS and Raman data, therefore, indicated
that the Fe-N His bond is relatively weaker than
that in other hemoproteins. On the basis of these
observations, we suggested that the elongation of
the Fe-N Hi . bond upon the O2 binding causes the
protein conformational change in FixL to activate
its kinase activity.
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ORDERED ALLOY FILMS GROWN BY MBE
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Department of Electronics, Nagoya University
Introduction
There recently has been a great interest in
some Noble Metal / Transition Metal (NM/TM)
multilayers as a candidate for high density
magneto-optical recording media. In our previous
work Au/Co/Au sandwich films grown by MBE
was found to exhibit a unique magnetic anisotropy.
We expect that the anisotropy is related to the local
structure of the sandwich films, which might be
confirmed by the EXAFS experiments. In this
program structural analysis of AuCo, AuFe alloys
and Au/Co/Au sandwiches was carried out. Here
only the result of structural analysis of Au/Co/Au
sandwiches is reported.
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Fig. 1 Fourier transformed EXAFS spectra of Au/
Co/Au sandwiches
The calculated structural parameters derived
from EXAFS experiment are shown in Table 1 on
the assumption that the interfaces of sandwiches
are very sharp. The coordination number and CoCo radial coordinate for the (111) film are almost
the same as fee Co. While for the (100) film the
coordination number is slightly small and the radial
coordinate is 0.04A smaller than that of the (111)
film. The decrease of the radial coordinate well
agrees with the average value of 0.037A from the
changes of relative in-plane lattice constant, which
is derived from the RHEED observation.

Experiment
The constitution of our samples reported
below is MgO(lOO) or (111)/ Ag(30nm) /
Au(60nm) / Co(10nm-50nm) / Au(2nm). The precleaned MgO substrate was in-situ annealed at
1000°C after mounted in the UHV chamber (base
pressure < 2 X 1 0 1 0 Torr ). Structural
characterization of the films was performed by insitu RHEED, and EXAFS experiments were
carried out for Co K-edge at BL-12C with TEY
detection.
Results
Fig. 1 shows the Fourier transformed
EXAFS spectra of Au/Co(10nm)/Au sandwich
with (100) orientation (dashed line) and Au/
Co(50nm)/Au sandwich with (111) orientation
(solid line). For the (111) film the shape of FT
spectra indicates that the (111) film obviously has
closed pack structure. Whereas in the spectrum
for the (100) film 1st peak position is slightly
different from the one of the (111) film and higher
peaks are very weak. This indicates that the
structure of the (100) film is slightly disordered,
compared with the (111) film.

Table 1 Structural parameter of Au/Co/Au
sandwiches
R
CN
DW
(100) 12.2
2.50
0.07
2.46
0.06
(111) 10.4
CN : coordition number
R : radial coordinate(A)
DW: Debye-Waller factor
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Introduction
Many alloys and compounds of cerium exhibit various
peculiar anomalies in physical properties such as electrical
resistivity. The dense Kondo effect is one of the anomalies
which are attributed to partial delocalization of 4 / electrons
owing to hybridization of the 4 / orbital with conduction
electrons. The hybridization or relative position of the 4 /
level with respect to £ F in the crystalline alloys is
changed continuously with external pressure. However, the
influence of external pressure on the dense Kondo state is
still unclear in amorphous alloys. In this study, the
pressure dependence of electrical resistivity and Ce-Lm
XANES spectra (Ce valences) were measured for an
amorphous Ce^Al alloy, and we discuss the dense Kondo
state in the amorphous alloy under high pressures.
Experimental
Amorphous thin ribbon was made from an arc-melted
Al-75 ar%Ce alloy ingot by a melt-spinning technique
under an atmosphere of pure argon. High pressure
electrical resistivity was measured by a four-probe dc
method in the temperature range 4.2-300 K. Various
hydrostatic pressures were generated using a pistoncylinder device with a usual teflon cell.
CeL m XANES spectra were obtained under various
pressures using a diamond anvil cell with a beryllium
gasket at BL-12C of the Photon Factory, KEK. We
recorded fluorescence x-ray signals of CeZoc radiation
using an SSD, in order to estimate the x-ray absorption at
the Ce im-edge due to the excitation of electrons from the
2/?3/2 core level into the 5d3/2 or 5d5/2 conduction bands.
The detail method of analysis was described in our
previous paper.1J
Results and Discussion
Figure 1 shows the influence of external pressure on
the temperature dependence of electrical resistivity ratio
R(T)/R(290) of amorphous CesM. The inset shows the
magnetic part of the electrical resistivity at ambient
pressure (A.P.), estimated with assumption that the
phonon contribution decreases linearly with temperature.
Above about 100 K, the curve of Rmag(T)/R(290) shows a
negative logarithmic behavior, indicating dearly Kondo
scattering processes, or the dense Kondo effect. One can
see in Fig. 1 that the temperature coefficient of R(T)/
R(290) increases remarkably with pressure. The behavior
indicates that the dense Kondo effect in the amorphous
alloy is rapidly weaken with external pressure and thus the
normal phonon contribution to the conduction electrons
becomes predominant under high pressure.
Figure 2 shows fluorescence Ce Lm XANES spectra for
amorphous C^Al under various pressures. At ambient
pressure the spectrum (a) exhibits only a larger single
white line, corresponding to Ce 3+ (4/'). As the external
pressure increases, another smaller white line assigned to
Ce4+(4/°) is apparently observed in the spectra (b) and (c).
The values for Ce valence are estimated to be (a) 3.03, (b)
3.09, and (c) 3.10, respectively. The pressure dependence

237

of Ce valence in the amorphous CejAl alloy is
incomparably larger than that in the crystalline alloys.2>3)
In conclusion, we have found that in the amorphous
Ce3Al alloy the transition from the dense Kondo state to
the intermediate valence state is rapidly promoted by
pressure.
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Fig. 1 Temperature-dependent electrical resistivity ratio of
an amorphous C^Al at various pressures.
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Fig. 2 Fluorescence CeLm XANES spectra for an
amorphous Ce>, Al at various pressures.
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Introduction
K3C60 is well known as a superconductor with
Tc=19KM, but the ammonia intercalated compound,
(NH3)K3C6o, reveals no superconductivity in spite of
the unchanged charge transfer from K to C60 by the
intercalation'2"3'. Moreover a metal insulator transition has been observed at 40K^. So there is a great
interest in the crystal structure at low temperature.

reflection is proportional to the square of the order parameter, this transition is the second order. These facts
are explained in terms of the expansion of the distance
between K + and NH3 in the interstitial site and their
continuous ordering. At 40K, where metal insulator
transition is believed to occur, no structural anomaly
has been observed within the experimental error.

Experimental
The sample of (NH3)K3C6o was synthesized by the
exposure of K3C60 in ammonia gas. X-ray diffraction
measurements were performed at BL-12C and 18C,
Photon Factory, KEK. Synchrotron radiation x-rays
were monochromatized to the wavelength I.IOOA with
a Si(lll) monochromator and collimated to 0.2mm in
diameter. The diffraction patterns were detected by a
curved imaging plate, which provides a high-resolution
signals even for a small amount (< 100/ig) of powder
sample. The sample was cooled by a He closed-cycle
cryostat.
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Fig. 1 Powder x-ray diffraction patterns of
(NH3)K3C60 at 299K and 80K. The inset is the magnification of the low angle region. The arrows indicate
superlattice reflection peaks at the low-temperature
phase.

Results and Discussion
The diffraction patterns of (NH3)K3C6o at 299K and
80K are shown in Fig. 1. All peaks at 299K are indexed
by the body-centered-tetragonal cell, which is slightly
modified from the orthorhombic cell in the previous
paper^, and the lattice constants are a=10.526A and
c=13.715A. Below 150K, some extra peaks appear, indicating a phase transition. All peaks below Tc are
indexed by doubling the cell size along the b- and caxes and this means the formation of superlattice. According to the intensity analysis, this superstructure
attributes to the ordering of the orientation of the K+NH3 pair in the interstitial site of Ceo lattice; which is
in disorder above Tc.
The temperature dependence of the lattice constants
is shown in Fig. 2. Below Tc the unit cell is treated as
the same cell as in the high-temperature phase because
the superlattice reflections are very weak and the lattice formed by C60 does not change at the phase transition. Between 100K and 150K, a negative thermal
expansion along the a-axis has been observed, but the
expansion along the c-axis is so large that the volume
expansion of unit cell remains positive. In the same
temperature range, the intensity of superlattice reflection gradually increases with cooling down and saturates below 100K. Because the intensity of superlattice
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Fig. 2 Temperature dependence of lattice constants.
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Introduction
Room temperature persistent hole burning has been
observed in Sm2+-doped borate glasses. 0 Photo-chemical
hole burning material can be applied for high-density
optical data strage using the spectral holes. For this purpase,
the spectral hole width is required to be sharp. In the case of
Sm2*-doped borate glasses, hole width is changed by alkali
contents or aluminum addition.21 And this phenomena is
considered to be closely related to the local structure
around the Sm2+ ion. To reveal the alkali effects, we study
the local structure of Sm2+-doped and Sm3+-doped borate
glasses with several Na2O contents.
Experimental
XNa 2 O(100-X)B 2 O 3 (X-10,15,20) glasses (BN10,
BN15, BN20) doped with lmol% Sm2O3 were prepared
by quenting melts. Sm2*-doped borate glasses were prepared
by remelting these Sm3+-doped borate glasses in a reducing
atmosphere. Sm L B XAFS spectra were measured in a
transmission
mode using a S i ( l l l ) double crystal
monochromator at BL-12C. Crystalline Sm2O3 was also
measured as reference.

Table 1 shows the curve fit results for these peaks. The
Sm-O distances of both Sm2* and Sm3+ doped glasses are
about 0.01 nm longer than that of crystalline Sm2Oj. Only
oxygen coordination number of samarium are different
between Sm2+-doped and Sm3+-doped glasses with the same
composition. And the difference of coordination numbers
are decreased with increase of Na2O contents. These results
suggest the oxygen defects in Sm2+-doped borate glasses
are closely related to the spectral hole width.
References
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Table 1.

Sample
Sm2Oj

Sm2+:BN10
Sm3+:BN10
Sm2+:BN15
Sm3*:BN15
Sm2+:BN20
Sm3+:BN20

Results and Discussion
Figure 1 shows the radial structure functions of
Sm2*-doped and Sm3+-doped Na2O-B2O3 glasses. The first
peak of each IF(r)l is correspond to the nearest Sm-0 bonds.
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Results of curve fitting analysis of Sm2+-doped
and Sm3+-doped Na2O-B2O3 glasses
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Fig. 1. Radial structural function of Sm2+-doped and Sm3+-doped Na 2 O-B 2 O 3 glasses
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chemical species, contained in the overlayer of oxidized
Tij.^AljN, is not Al2TiO5 but TiO2. The Fourier transforms
(FTs) of the EXAFS oscillation for the oxidized film also
resemble to that of TiO2; an intensity of the peak around
0.3nm is about half of that around 0.2nm for both TiO2 and
the oxidized film, while the former peak is about twice the
intensity of the latter peak for both un-oxidized Tij.jAl^N
(x=0.2) and oxidized film measured at the incidence angle of
40mrad. That is because the peak around 0.3nm is assigned
to the distance from 8 oxygen atoms and 12 titanium atoms
for TiO2 and TiN, respectively. The existence of A12O3
might be confirmed by the future Al K-XAFS measurements.
The oxidation of Tij.^A^N (x=0.9) was not detected so far
as the present Ti K-XAFS analyses of films oxidized at
600°C for lOmin.

Introduction
Nitrides in the ternary system Ti-Al-N have attracted
much interest recently because Tij.xAlxN exhibit better
oxidation resistance than TiN which is used as the wear
resistance coatings on tools, diffusion barriers in integrated
circuit fabrication and so on. Such high oxidation resistance
of Ti1.xAlxN is thought to be due to the formation of a stable
aluminum oxide layer on top of the Tij.^^N film, keeping
the film from further oxidation.^ There are, however, poor
results in the literature for the crystallographic observations
of the oxide overlayers on Tij_xAlxN film, because of the
small sample volume and the highly defective nature of the
oxide layers. The present work is aimed to clarify whether
the oxide overlayer consists of mixed Al/Ti based oxide or
each oxide of both titanium and aluminum by measuring Ti

K-XAFS.
References
Experimental
Finns were grown by rf-magnetron sputter-deposition
onto a polycrystalline alumina substrate in Ar-N 2
atmosphere. Ti and Ti-Al composites were used as the
sputtering target for TiN and Tij.jA^N, respectively.
Oxidation of deposited films was carried out in flowing O2.
As-deposited and oxidized films were preserved in
n-hexane.
The conversion electron yield method under
atmospheric He gas flow2* was used to measure Ti K-XAFS
of the films at BL-12C in the Photon Factory. An incidence
angle of the sample was varied by a precision stage. The
higher harmonics were rejected using a quarts mirror in He
gas flowing, placed just before / 0 chamber.

l)
2)

Results and Discussion
Figure 1 shows the normalized Ti K-XANES spectra
of oxidized films, TiO2 film, and Al2TiO5 powder. The
spectra of oxidized films measured at the incidence angle
larger than lOmrad is the same as those corresponding asdeposited films except for TiN oxidized at 600°C for lOmin.
The spectrum of TiN oxidized at 600°C for lOmin coincides
with that of TiO2, while the difference between the spectrum
measured at the incidence angle of 6mrad and that of 16mrad
appears little. These observations agree with the evidence
that TiN is oxidized above 600°C.
The components of not Al2TiO5 but TiO2 are
observed in the spectra of Tij.^AljN (x=0.2) measured at the
incidence angle of both 4 and 8mrad, indicating that the

D.Mclntyre, J.E.Grccnc, G.HSkansson, J.-E.Sundgren, and
W.-DJUunz, J.Appt.Pkys., 67, 1542 (1990).
M.Takahashi, I.Watanabe, M.Harada, and F.Kanamaru, Phisica B,
208&209, 565 (1995).

4.96

4.98
hu /keV

Fig.l Normalized Ti K-XANES spectra of TiO2 film, films ozidized,
and AljTiO, powder. (a)TiO2) (b)TiN, 600°C, 35mrad, (c)T1N,
400°C, 6mrad, (d)TiN, 400°C, 16mrad, (e)Ti,_1AlIN (x=0.2), 600°C
4mrad, (tfTi1_Al1N (x=0.2), 600°C, 8mrad, (g)Ti,_IA]IN (x=0.2),
600°C, 40mrad, (h)Til_,AlIN (x=0.9), 600°C, 8mrad,
(x=0.9), 600°C, 12mrad,
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Introduction
EXAFS spectra for deposited thin films on singlecrystal substrates were obtained by using totalconversion-electron yield technique under an atmospheric gas, because this technique can provide us
with the information of structure of the thin films,
inrespective of the thickness of the single-crystal
substrate.

structure is not symmetrical with respect to the film
plane.
Reference
1) Photon Factory Activity Report 1994, Proposal
NO.93-G160

Sr-Kedge

Experimental
Thin films measured were of SrTiO3 films. The
films were deposited on single-crystal substrates such
as MgO and LaAlO3. The thicknesses of the films
were 25-1000 A, and the films were not electrically
conductive. Using our apparatus1, the incident angle
and the vertical and horizontal positions for the film
are able to be set up arbitrarily. The incident angle
normally used was 0.5° because the smaller the
incident angle is, the higher the S/N and S/B ratios
are obtained. The information of the axial structure
in plane or out of plane for the film can be obtained
by placing the film horizontally or vertically,
respectively. The XAFS spectra around the St-K
and Ti-K edges were measured at the BL-12C.

— SrTiO3 10nm/MgO
—- SrTiOa powder

l

Distance

.

l

.

r/k

Fig.1 Fourier-Transformed XAFS spectra at Sr-/Cedge.

SrTiO3 I 0 n m / M g 0 substrate

Sr-Kedge

Results and Discussion
Fig.l shows the Fourier Transforms of EXAFS
spectra for ST-K edge of SrTiO3 about 100 A in
thickness on an MgO single-crystal substrate and
SrTiO3 powder on a tape by He+-yield method. The
peaks around 2.7 A and 3.35 A for the powder sample
are assigned to be due to Sr-0 and Sr-Ti interactions, respectively. The analyses of these EXAFS
data concluded that the lengths for both Sr-0 and
Sr-Ti in the film are different from those for bulk
crystal. XANES spectra for the vertical and in plane
axes are shown in Fig.2, indicating that the thin film
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Fig.2 XANES spectra for SrTiO310nm / M g O substrate.
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1. Introduction
experiments and calculations was obtained for a = 10°, i.e.,
LB films of EDT-TTF(SCU)2 shows electric conductivity
the I," molecular axes incline 10° from the b axis in a single
as high as 1 S/cm at room temperature, after the two step
crystal.
oxidation process with iodine [1]. Form some experimental
results, it was expected that I,' arrangement play an important role for an appearance of in-plane stacking of donor
molecule which brings the conductivity [2]. To investigate
the precise physical properties, we prepared single crystal
which has identical properties to the LB films. A structural
model of donor packing was proposed from in-plane
periodicities obtained from monochromatic X-ray Laue
photograph [3]. Nevertheless, the I,' arrangement is not
clarified owing to probable existence of the incommensurate structure. To investigate I3 arrangement we performed
X-ray absorption near edge structure (XANES) experiment
for iodine L,-edge on the single crystals of [EDTTTFCSC^jljIj that allow us to observe I3" orientation.
5150

2. Experimental
The XANES experiments were carried out at BL-4C and
BL-12C of Photon Factory, KEK. Fluorescence detection
was performed using an Si(Li) solid state detector for discriminating the Lp* and Lp*4 fluorescence lines induced by
L, excitation of iodine. A bundle of crystals were assembled
uniaxially along the b axis (conducting direction) and a series of the XANES spectra were measured as a function of
the E orientation angle (8) from the b axis, where E is the
electric field vector of incident X-ray.
3. Results and discussion
Figure 1 shows the XANES spectra obtained under the
different polarization configurations, 6 = 0° and 90°. It is
known that a sharp resonance peak assigned as 2s-5p(o*)
transition is observed around 5188 eV for I," anions and the
peak intensity has angular dependence on E as cos25 ,
where 8 is the angle between the Iy molecular axis and electric field vector E. At 8 = 0°, the drastic enhancement of the
peak intensity was observed in contrast with the weakness
at 8 = 90° polarization configuration. Hence, the direction
of I3 orientation is roughly estimated to be parallel to the b
axis. A detailed series of XANES spectra of the crystals
was measured to evaluate an inclination angle a (see the
inset of Fig. 2). We determined the angle a by comparison
between polarization dependence of the peak intensities
and that of theoretical calculations. Figure 2 exhibits the
normalized peak intensities as a function of 8 and the calculated ones based on the models with different inclination
angles. In the model calculations, we supposed that I}' molecular axes incline at the angle of a from the b axis in a
single crystal and the molecular axes in the bundle of crystals are distributed with a cylindrically symmetric tilt
around the b axis (see the inset of Fig. 2). Taking into account of an inevitable misalignment of crystal axes and experimental set-up, we took the uncertainness of the angle a
to be 5° (Aa = 5°). The calculations were carried out in the
cases of a = 5°, 10° and 20°. The best agreement between

5200
5250
Photon Energy (eV)

5300

Fie. 1 Polarized I-LI XANES spectra for a bundle of crystals under different polarization configurations of 8 = 0°
and 90°.
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Fig. 2 Normalized resonance peak intensities for the assembled crystals as a function of 6 (closed circles). The
curves are calculated intensity variations with 8 as a function of the molecular tilt angle a±Aa/2.
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mean square displacement increases with increasing pressure. It decreases suddenly at 10.1 GPa
indicating the reduction of static disorder upon
crystallization.

Introduction
Recent studies on the structure of a-Se at ambient pressure revealed that a-Se mainly consists
of chain molecules. Tanaka has measured x-ray
diffraction of a-Se under pressure[l]. He discussed structural modification of a-Se comparing
the diffraction results with a calculation based on
a microcrystalline model. In his study, however,
structural parameters such as atomic distances
were not obtained from the measured diffraction
pattern. In the present study we measured EXAFS of a-Se under pressure up to lOGPa at room
temperature.

References
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Experimental
EXAFS measurements were performed using MAX90, a cubic-type multianvil apparatus
installed in BL-13B2 of the Photon Factory.
Sintered-diamond
anvils with a square flat of 3
x 3 mm2 were used. Sample was an evaporated
Se film.
Results and discussion
0.1

Figure 1 shows the radial distribution function
| F(r) | of a-Se, which were obtained from Fourier
transform of x{k) multiplied by k, at various pressures and at room temperature. The main peak
around 2A corresponds to the covalent bond. At
10.1 GPa, the shape of | F(r) | changed drasti( ally. The shape of | F(r) | is very similar to that
of c-Se at the same pressure[2]. Thus this change
indicates the crystallization of a-Se. The second
peak corresponds to the correlation of the nearest
atoms between adjacent chains. It is not prominent below 5.5 GPa and then increases gradually.
This increase indicates gradual strengthening of
the interchain interaction. On the other hand the
second peak in c-Se grows strongly at lower pressures^]. At low pressures the strengthening of
l.ho interchain interaction in a-Se is supposed to
be suppressed by structural disorder.
Figure 2(a) shows the first neighbor distance as
a function of pressure together with that of c-Se[2]
as a reference. In spite of the compression, the
covalent bond length of a-Se slightly increases under pressure. The large compressibility of a-Se[l]
is thus attributed to the contraction of the interchain distance and collapse of voids. Figure 2(b)
shows the pressure
dependence of mean square
displacement a2 of the first peak. The coordination number was fixed to be 2 in the fitting. The
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4

r/A

Figure 1. Radial distribution function | F(r) | of
a-Se at various pressures and at room temperature.

0

4
8 12
Pressure / GPa

Figure 2 (a)First neighbor distance of a-Se(») and
c-Se(o) as a function of pressure, (b)Mean-square
displacement of first neighbor atoms for a-Se as a
function of pressure.
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clear that the absorption background at high pressure runs
tends to increase smoothly at energies above the
absorption edge, however, it did not affect the results of
the EXAFS analysis by reduction of the proper absorption
backgrounds. As the result of the analysis, the pressure
dependence of the Ge-0 distance was obtained (Fig.2).
The Ge-0 distance is compressed from room pressure to
about 4 GPa and then seemingly increases up to about 6
GPa. At higher pressures from 6 GPa to 11 GPa, the
Ge-0 distance decreases. And at around 12 GPa, the
Ge-0 distance increases again and is close to the expected
value in sixfolded coordination. The decrease of Ge-0
distance suggests that a crystalline exists from 6 GPa to
11 GPa. This result seems to be consistent with the result
of diffraction experiments (Nagai, 1995). The EXAFS
experiments using a multianvil high pressure apparatus
and SR made such accurate determination of the Ge-0
distance under high pressure possible.

Introduction
CaGeO, has a wolJastonite structure under ambient
condition, which is a member of pyroxenoid group and
has fourfold coordinated Ge atoms. Andrault et
al.(1992)1) found that the measured Ge-0 distance in
CaGeO3 increases between 7 GPa and 15 GPa. It was
interpreted that a pressure-induced coordination
increasing from fourfold to sixfold occurs at room
temperature and suggested that the crystalline-toamorphous transition may take place. Nagai (1995) Z}
performed in-situ X-ray diffraction experiments of
CaGeO3-wollastonite under high pressure. However, it
was confirmed that CaGeO,-wollastonite is transformed
into the perovskite phase through a kinetic favored
intermediate phase, which may be assigned to a rhodonite
like phase. The pressures where the intermediate phase
can be observed correspond to those where the increase of
the Ge-0 distance was measured by Andrault et al.(1992).
It seems to be strange that the Ge-0 distance in a
crystalline expands with increasing pressure. We thought
the inconsistency is caused by the experimental problem
of EXAFS study. It is difficult to obtain high resolution
EXAFS data using a DAC, because the Bragg reflections
of diamond anvils interfere with the EXAFS signals.
Therefore, we are performing EXAFS measurements
under high pressure using a cubic anvil type apparatus
(MAX90) installed at BL-13B2 using sintered diamond
anvils, in order to avoid the Bragg reflections.

12.8GPa
11.8GPa
10.3GPa
8.3GPa
7.0GPa
5.6GPa
4.0GPa
2.6GPa
0.7GPa
0.1 MPa
11.2

11.4

11.6

11.8

12

Energy(keV)

Experimental
Sintered diamond anvils truncated 3x3 mm square were
used and the pressure mediums (6x6x6 mm3) were made
of the amorphous boron/epoxy resin. 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.

Fig.l EXAFS spectra of CaGeO, at various pressures.
1.8
1.79
1.78
1.77
1.76
1.75
1.74
1.73

Results
The EXAFS data could be measured up to 12.8 GPa at
room temperature (FIg.1). The all obtained EXAFS
oscillation for about 1000 eV above the absorption edge is
free from the noise caused by Bragg reflections. The
obtained EXAFS oscillation is superimposed on the
smoothly changing intensity of the absorption tail at
energies above the absorption edge. The reason is not so

Fig.2 Ge-0 distances of CaGeO3 at various pressures.
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Introduction
In recent years, increasing attention has been paid
to the electronic properties of /J-BN because of its
possible application to electronic devices. Several
XAS studies have been conducted to elucidate the
electronic structures of / J - B N . The most characteristic
feature of the B 7.v XAS spectrum is an intense and
very narrow peak below the absorption threshold,
which is ascribed to a core exciton state11 In the
present study, we measure the photon energy
dependence of the valence band photoelectron spectra
of /?-BN and discuss the branching of the nonradiative decay channels which are predominant in
the decay events of the B Is exciton.

1
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Experimental
The experiments were performed at the BL-13C
equipped with a SGM-type monochromalor"' with a
hemispherical electrostatic analyzer. The analyzer
axis was at 54.7° to the incident x-rays. The slit
width of the beamline was about 20 urn when the x
ray linewidth was about 120 meV at 200 eV. All the
XAS and photoelectron spectra were normalized by
the photon flux monitored by a gold mesh. The
sample analyzed was commercially available /J-BN
powders, which were pressed into a pellet together
with a copper mesh to lower the sample charging.
Before the analysis, the sample surface was cleaned
by heating by ir lamp at about 1000 K in the
preparation chamber in the 10° Pa range.
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Results and Discussion
Fig. 1 shows the photon energy dependence of the
valence band spectra together with the absorption
spectrum. In the spectrum measured with the photon
energy of 191.5 cV which is below the exciton
threshold, two major valence bands are observed at
4.5 eV (U-VB) and 18 eV (L-VB). The features with
arrows indicate the B KVV Auger features, in good
agreement with the non-resonant Auger features
taken far above the threshold. The spectra recorded
with the photon energy of the B Is core exciton
(192.0 eV and 192.2 eV) exhibit large enhancement
of the U-VB intensity together with the evolution of
the B KW Auger features. This suggests a large
probability for the direct recombination in the decay
events of B Is excitons.
The absolute probability of the direct
recombination channel can be determined by.
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M) 20
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Fig. 1 X-ray absorption spectrum (top) and
change in the valence band spectra of / J - B N
with photon energy (bottom).
comparing the enhancement of the valence band
intensity at the core exciton feature with the
intensity of the core cxcilon peak in the XAS
spectrum.
Thus, by comparing the CIS spectrum
taken at the U-VB with the XAS spectrum around the
excitation energy of the exciton we have obtained a
value of 0.66+0.08 for the recombination channel.*'
References
I) B. M. Davics. et ;il.. 1'hys. Rev.. B24 3537 (19X1).
2)H. Shiinada. ct al.. Rev. Sci. lustrum.. 66 1780

3) H. Shimada. ct al.. ./. Electron Spec!rose, ami
Relat. Phenont.. in printing.
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presence of an Al- and Na-rich overlayer at the
external surface of the NaY particles. Detailed
simulation analyses5 6) using some model structures
have elucidated the presence of a very^ thin overlayer
of NaAlO2 with a thickness of about 2 A.

Introduction
The external surface properties of zeolite particles
play important roles in many catalytic reactions,
typically fluid catalytic cracking (FCC), because large
molecules react predominantly on the external surface.
In this context, enough surface sensitivity to discuss
the catalytic properties cannot be achieved in
conventional XPS analyses employing Mg Kcx or Al
Ka x-rays due to large inelastic mean free path
(IMFP) of the photoelectrons. The restriction of the
surface sensitivity can be eliminated by the use of low
energy x-rays from SR. In the present study, we apply
SR excited XPS to the determination of the external
surface composition of zeolite particles. In addition to
the surface sensitive XPS analysis, non-destructive
depth profiling analysis is performed by changing the
XPS excitation energy.
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Experimental
All the experiments were performed at the BLO C 0 using a multi-purpose analytical chamber25 with
a hemispherical electrostatic analyzer (Rigaku XPS7000), of which axis was at 54.7° to the incident x rays and normal to the sample surface. The entrance
and exit slit width of the beamline was about 60 |im
when the x ray linewidth was about 0.4 eV at 200 eV
and 1.0 eV at 800 eV. The analyzer was operated at a
pass energy of 25 eV such that the total instrumental
resolution did not cause the significant broadening of
each spectrum. Under the above measurement
conditions, it took less than three minutes to record
each of Si 2p, Al 2p and Na 2s spectra with reasonable
spectral resolution and high signal-to-noise ratios.
The zeolite analyzed was NaY fine powders with a
SiO2/A]2O3 ratio of about 4.8, which was provided as a
reference catalyst by the Catalysis Society of Japan.
To minimize the charging, the zeolite powders were
dispersed on stainless-steel sample holders using a
sonicator.
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Fig. l.Si 2p, Al 2p and Na 2s XPS spectra of NaY
measured with different excitation energies.
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Fig. 2. Plots of Al/Si and Na/Si atomic ratios of NaY
as a function of IMFP.

Fig. 1 shows the Si 2p, Al 2p and Na 2s XPS
spectra of NaY measured at different excitation
energies between 184 eV and 820 eV. The energy shift
caused by charging has been corrected in Fig. 1 such
that the Si 2p spectrum has a peak at 102.5 eV. In
addition, the spectral intensities are normalized at the
peak intensity of Si 2p.
As a next step, the peak intensity ratios in Fig. 1
have been converted into atomic ratios using cross
section values of each photoelectron3), together with
the conversion of the excitation energy into IMFP
using the values in the literature4'. Fig. 2 indicates
steep increases in the Al/Si and Na/Si ratios with
decreasing IMFP below 20 A. This suggests the

References
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165 (1993).
4) J. J. Yeh and I. Lindau, Atomic Data and Nuclear
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Introduction

In the N Is XPS spectrum of the film before
oxidation, two features are observed at 397.1 and 399.7 eV,
which are assigned to N3" of CrN and surface contaminant,
respectively. By oxidation above 300 "C, new features are
observed at 396.1 and 403.7 eV. The change in the relative
intensity of the feature at 403.7 eV with raising oxidation
temperature corresponds to that of the XAS feature at
401.4 eV. Therefore, this feature is attributed to molecular
nitrogen. We assume that the origin of the feature at 396.1
eV is due to the formation of CrNi.x.
From the above results, we conclude that the initial
surface oxidation mechanisms of the CrN films as
follows: With replacement of nitrogen in chromium
nitride by oxygen, a part of replaced nitrogen occupies the
interstitial position in the chromium oxide matrix as
molecular nitrogen, though most of the repleced nitrogen
is evolved from the surface. Simultaneously, CrN,.x is
formed The interstitial nitrogen in the chromium oxide
matrix is then evolved from the surface with further
progress of oxidation.

CrN having high hardness and oxidation resistance is
extensively used as surface-coating films on various tools.
One of the important aspects regarding properties of the
films is improvement of their oxidation resistance. For
this purpose, several studies have been done to clarify the
surface oxidation mechanisms of the films by means of xray photoelectron spectroscopy(U). However, the surface
oxidation mechanisms are not yet clarified.
In a previous study, we used XAS and XPS to
analyze the surface of the CrN films oxidized under an
ambient atmosphere'31. However, surface contaminants
such as hydrocarbons made it difficult to elucidate the
surface oxidation mechanisms of the films because of the
high surface sensitivity of these analytical methods.
The purpose of this study is to clarify the surface
oxidation mechanism of chromium nitride films under a
dry air flow.

Materials and methods
The CrN films with a thickness of about 3 um were
deposited onto austenite stainless steel by cathodic arc ion
plating method at 500 *C under 5xlO"6 Pa. Surface
oxidation of the films was done at 200, 300 and 400 *C for
an hour in a flow of dry air (50 cmVmin.). All the XAS
and XPS measurements were performed at the BL-13C<45).
The XAS spectra were recorded in the total-electron-yield
mode. The excitation energy used for the XPS
measurements was 772eV.

Results and discussion
Figure 1 shows N K-edge XAS spectra of the CrN films
before and after surface oxidation. The spectrum of the
film before surface oxidation exhibits four features at
399.0, 401.1, 407.5 and 410.8 eV. The features at 399.0
and 401.1 eV correspond to the electronic transitions of
unoccupied N 2p orbitals hybridized to Cr 3d orbitals. The
features at 407.5 and 410.8 eV are assigned to unoccupied
N 2p orbitals hybridized to Cr 4sp orbitals. By oxidizing
the sample at 300 CC, however, a sharp feature emerges at
401.4 eV with a FWHM of 0.8 eV. The very narrow
FWHM means that the intermediate species at 401.4 eV
does not have a strong electronic interaction with the
metals. The species can be assigned to molecular nitrogen
located in the interstitial position of the surface oxide
layers.
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Fig. 1 N K-edge XAS spectra of CrN thin films
before and after surface oxidation.
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in Fig. 2, we found that 8 % lateral expansion model
can explain the experimental photoelectron diffraction
pattern. Therefore, large lateral expansion of CaO layers occurs owing to the lattice mismatch.
Further analysis and Ols energy-scanned photoelectron diffraction measurements are now in progress.

INTRODUCTION
Electron bombardment on CaF2 surface induces the
desorption of F and yields metallic Ca, which is oxidized to CaO in the presence of O2 and/or H2O. ^
Several investigations on the condition and kinetics of
this reaction have been performed, while little is known
on the structure of this surface. By chemical-stateresolved X-ray photoelectron diffraction, it turned out
that CaO grew epitaxially on CaF2(lll), 2^ as shown
in Fig. 1. However, 13 % lattice mismatch between
CaO(lll) and CaF2(lll) are needed to be considered.
In order to investigate the detailed structure of this
surface, we carried out the scanned-energy photoelectron diffraction measurements.

REFERENCES
1) K. Saiki, Y. Sato, K. Ando and A. Koma, Surface
Sci. 192 (1987) 1.
2) C. Akita, T. Tomioka, M. Owari, A. Mizuike and
Y. Nihei, Jpn. J. Appl. Phys. 29 (1990) 2106.

Incident SR

Photoelectron

6in = -35°

EXPERIMENTAL

A cleaved CaFo^ll) surface was cleaned by heating at 820 K for 30 min. After an electron dose of 7.6
mC/cm2 by a 10 keV RHEED gun, this damaged surface was exposed to 5000 L O2 at RT. The thickness of
CaO layers was estimated to be 8 A(6 layers) by XPS.
This sample was introduced to the combined apparatus for XPS and EXAFS at BL13C and cleaned
by heating at 500 K before each measurement.
Fig. 1 Proposed model of CaO/CaF 2 (lll) and the
The scanned-energy photoelectron diffraction measureexperimental geometry.
ments were performed at two azimuthal angles, <f> — 0°
(// Ca-0 chains) and <f> = 90° (X Ca-0 chains). The
experimental geometry of <f> = 0° is shown in Fig. 1.
Ca2p photoelectron spectra were recorded at various
excited energies over the range of 460 - 700 eV with
the step of 2 eV, by using a 180° hemispherical ana3
CaO
lyzer with an aperture (A0=±3.5°, A^ = ±14°).
CO
RESULTS AND DISCUSSION
8% Lateral Expansion

0

Ca2p scanned-energy photoelectron diffraction patterns of CaF2 and CaO are shown in Fig. 2. Photoelectron diffraction of CaF2(lll) substrate shows
good agreement with that of a clean surface. Thus,
we concluded that large surface reconstruction of the
substrate did not occur. In order to determine the
local structure of CaO layers, we carried out singlescattering cluster spherical-wave (SSC-SW) calculations for various structure models. Here, two types of
models were considered: (i) simple expansion of CaO
lattice constant (ii) lateral expansion model. As shown

Theory

Bulk CaO

o500
600
700
Photon Energy / eV
Fig. 2 Ca2p scanned-energy photoelectron diffraction
patterns.
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Introduction

Zirconia forms solid solutions with rare earth
metals, having the fluorite-type structure. The
crystal structure is, however, very complicated according to its composition. In this paper, the local
structures around Y and Zr atom of yttria doped
cubic zirconia (Zro.758Yo.242)Oi.879 were analyzed by the extended X-ray absorption fine
structure (EXAFS) study.

Results.
The parameter fitting was carried out at Y and
Zr edges of YSZ sample. It was shown that an average bond distance of Zr-O, 2.15(2) A, is much
shorter than that of Y-O, 2.32(2) A. The coordination number of Zr-O is 8.2 and that of Y-0 is
6.2. In the previous study, many researchers reported that oxygen vacancies are located near the
Zr atoms preferentially. The present study suggests that Y and Zr atoms have similar environments of oxygen atoms, in respect to the bond
distance and the coordination number, to those
found in their parent end-member oxides respectively.

Experimental
Y2O3 commercial powder was calcined at 723
K for 24 hours. ZrCU.nH2O commercial powder
was heated to remove CI2 and H2O at 1473 K for
2 hours to obtain ZrO2- This procedure was repeated twice. Y2O3 and ZK>2 were mixed in the
agate mortar with methanol for an hour. The
mixture was heated at 1473 K for 10 hours and
broken into powder. A pellet with 3 mm in diameter and 2 mm in height was formed by band
pressing. Using arc-imaging furnace, the pellet was
melted and then quenched. The sample was
ground into powder and deposited on a tape for
the EXAFS measurement.
The experiment was carried out at BL14A employing the transmission mode with 4 eV step
from 16740 to 18240 eV near the Y K edge and
from 17699 to 19199 eV near the Zr K edge. An
exit monochromator with two flat Si(311) crystals
was used to tune the wavelength.
Y2O3 and ZrO2 were also measured as standard
samples. To remove the underlying background
absorption, a linear extrapolation using the
Victreen expression was employed. The back
ground function (no(*)) curve was approximated
by a spline function. The single shell model was
assumed for the EXAFS calculation.
Figure 1 shows that the Fourier transform
amplitudes of x(*) weighted k3 for Y K edge of
YSZ (solid line) and Y2O3 (dashed line), based on
the data from 4.299 to 13.884 A' 1 for YSZ and
from 5.285 to 15.385 A"1 for Y2O3, respectively.
Figure 2 shows that those of Zr K edge of YSZ
(solid line) and ZrO2 (dashed line), based on the
data from 4.754 to 12.941 A"1 for YSZ and from
3.905 to 12.696 A' 1 for ZrO2. The first peaks
around 1.8A in Figs. 1 and 2 are due to the
backscattering from the nearest-neighbor shell of
oxygen atoms. The first shell of metal atoms gives
rise to a single second peak for YSZ sample and
multiple for the standard around 3.2A. The separated shells are individually analyzed by backtransforming isolated peaks of the EXAFS radial
distribution function (Figs. 1 and 2).
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Fig. 1 Fourier transform of Y K edge data for
YSZ (solid line)and Y2O3 (dashed line)
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Fig. 2 Fourier transform of Zr K edge data for
YSZ (solid line) and ZK>2 (dashed line)
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Introduction
Electron density distributions in olivinc-type
crystals have attracted much interests of mineralogists in connection with the site preference
of transition-metal ions in the structure.
Although Tamada. Fujino and Sasaki" investigated the electron density distribution in cobalt
olivine by making use of the ordinary X-ray
source, they could not get a reasonable result.
Determination of electron density distribution
was, therefore, tried on cobalt olivinc with the
combination of a smaller single-crystal and the
strong SR.
Kxperimental
A piece of a-Co^SiO* crystal was shaped into
a sphere with the diameter of 60 /mi fur diffraction experiments. The intensities wore collected
with the 0.75 A radiation in a half uf the
reciprocal space up to 10 =138" with the fourcircle difflactometer at BL-14A.
hi total 8738
reflections were measured, among which 8G07 had
intensities (1's) larger than Ca(l).
After
averaging equivalent reflections, 2192 independent reflection data were obtained and used for
electron density calculation. Corrections for
absorption and Lorcntz factors were applied, but
not for the polarization factor. The extinction
corrections were carried out at the final stage
of the structure refinement with the method of
Becker and Coppens 2 '.
Results
Refinement of the structure with the leastsquares procedure reduced the R and R w values to
0.020 and 0.029, respectively. The atomic scattering factors for Co J + and Si 4 + as well as all
the dispersion correction factors were taken
from International Tables for X-Ray Crystallography (1974).
The atomic scattering factors for

02

used were those given by Tokonaroi".
Fig. 1 shows a section of the difference Fourier
map through the plane parallel to the a-axis and
containing Co(l) and two 0(1) atoms coordinating
Co(l). Around Co(l), two positive peaks with the
heights of 1.6 eA~ 3 are observed at 0.46 A from
Co(l) and two electron-depleted regions with the
depths of -0.9 eA~3. In three dimensions, a pair
of additional positive peaks with the heights of
1.2 eA~ 3 lie at about 0. 5 A apart from Co(l).
These two pairs of peaks are largely elongated
along the a-axis, forming four ridges of positive
residual densities. Positive peaks also surround
Co(2) in a similar manner to those around Co(l).
Four maxima with the heights of 1.1 eA~ 3 exist in
three dimensions, having distances about 0.47 A
from Co(2).
The obtained electron density
distribution seems much more reasonable than
those reported by Tamada et al. n .
References
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3) M. Tokonami, Acta Cryst. 19, 486(1965).
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from that of powdered CdS-DMF with respect to
both the absolute magnitude and the imaginary
term. Superposition of a different coordination
shell around the cadmium atoms should
contribute to the scattering of photoelectrons and
give a component around 1.8 A. These results
suggest that the main peak in the transform of
EXAFS of CdS-DMF solution is due to
scattering not only by sulfur atoms in CdS
nanocryslallites but also by oxygen atoms of
solvating DMF molecules.
Furthermore,
excellent fit for Fourier-filtered *3£(it) of CdSDMF solution was achieved with the two-shell fit
of Cd-S (r=2.545 A, CN=3.2) and Cd-O
(r=2.313 A, CN=\.5), but not with the one-shell
fit of Cd-S. These curve-fitting results indicate
that DMF oxygens coordinate to cadmium atoms
on the surface of CdS nanocrystallites in DMF
solution. To the best of our knowledge, this is
the first reported in-situ observation of the
solvent-coordinated surface of a semiconductor
nanocrystallite.
References
1) M. Kanemoto et al. Chem. Lett. 835 (1992).
2) H. Hosokawa et al. J. Phys. Chem. in press.

Introduction
Semiconductor nanocrystallites are currently
under intense investigation because of
photochemical and photopnysical properties due
to quantum confinement Nanocrystallites are
characterized by large surface-to-volume ratios,
and thus the surface plays a crucial role in
determining their chemical and physical
properties. We examined photocatalysis of
colloidal CdS nanocrystallites in N,Ndimethylformamide (DMF) and found that the
photocatalytic activities depended on the choice of
solvent and the incorporated ions in solution.1)
Although various models have been postulated to
explain the characteristics of properties, we still
lack a full understanding of the system due to the
scarcity of in-situ information regarding the
microscopic
surface
structure
of
CdS
nanocrystallites in solution. In this paper, we
report the in-situ measurement of Cd K-edge
EXAFS of CdS nanocrystallites in DMF solution
to observe the characteristics of the solvated
surface of CdS nanocrystallites in the solution.2)
Experimental
As reported previously,1) transparent colloidal
CdS nanocrystallites (CdS-DMF, mean diameter
3.5 nm, hexagonal) were prepared by introducing
H2S gas to 5 mL of a DMF solution of
Cd(CH3COO)2-2H2O(15 mM) with stirring on
an ice bath. Cd K-edge EXAFS experiments
(BL- 14A, Si(311)) of Cd compounds (15 mM) in
DMF were performed in the transmission mode
by using a Teflon cell with a 20-cm optical path
length and Kapton windows at room temperature.
The EXAFS data were analyzed according
to the
previously described standard procedure.2)
Results and Discussion
Figure 1 shows
phase-uncorrected Fourier
transforms of k3xw f° r a DMF solution of
Cd(CH3COO)2-2H2O, powdered CdS-DMF,
and the CdS-DMF solution. The main peak at
1.83 A in the Fourier transform of EXAFS for
Cd 2+ ions in a DMF solution was assigned
to a
six-coordination of DMF oxygen to Cd 2+ ions,
since acceptable fits for its Fourier-filtered k$x(k)
were obtained with a two-shelj fit of Cd-O and
Cd-C, as well as a one-shell fit of Cd-O, using
the reported bond lengths of Cd-O (r=2.296 A)
and Cd-C (/=3.15 A) as fixed parameters. For
powdered CdS-DMF, the main peak at 2.10 A
was assigned to Cd-S bonds, since excellent
fitting was achieved (/=2.541 A, CW=4.0) using
the parameters evaluated from bulk CdS. The
resulting parameters for the powdered CdS-DMF
agreed with those for bulk CdS crystallites.
The transform of CdS-DMF solution differs

fc.
Figure 1. Phase-uncorrected Fourier transforms of
(a) Crf+ in DMF solution, (b) powdered CdS-DMF, and
(c) CdS-DMF solution.
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Mo K-edge were obtained from the 3
Introduction
directions with the electric vector parallel to
Structure of active sites strongly
[110], [001], [110]. The fluorescence was
affected by the interaction of the support
detected by a scintillation counter(NaI)
have a very important role to handle the
close to the sample cirface.
activity and the selectivity of the catalytic
Results and Discussion
reaction. It is reported that the layer
The XANES spectra on each direction
structure of a M0O3 is easily formed by the
show the considerblyweak pre-edge peak
interaction with T1O2 surface.
which
is characteristic to the MoO42"
Rutile TiO2(110) which has a strong
species as shown in Fig. 1. Comparing the
anisotropic structure against [110] and
XANES
spectra of model compounds, we
[001] is expected to affect the surface
found that the spectra are very similar to
structure and to produce the dynamic
MoO3 one.
In order to determine the
structure change under reaction conditions.
surface strucutre, we analyze the EXAFS
In this study, we employed Polarizationspectra of each direction where the electric
dependent Total Reflection Fluorescence Xvector is parallel to [110], [001], and
ray Absorption Fine Structure(PTRF[110]. It shows that MoOx species have
XAFS) which can give anisotropic
an
anisotropoc monolayer strucutre on
structure information of the active site.to
TiO2(110).
Further strudy of the
determine the surface structure on
determination
of
the surface structure is on
TK)2(110).
We already reported the
progress
structure of Mo on T1O2 (110) where
2
symmetric MoO4 "was observed by PTRFXAFS. The X-ray fluorescence analysis
depicted the presence of small amount of
0.04 Ca, K. and Na which might stablize the
MoO42' structures.
In this work we
0.02 prepared Mo species to pay more attention
0.00
to the contaminations.
Experimental
-0.02
TiO2(110)(20 x 40 x Imm3) single
-0.04 crystal was annealed for 5 h at 823 K. The
catalysts
were
impregnated
with
(NH4)6Mo7O24 • 4H2O aqueous solutions.
k/10nm
The cation-free ultra-pure water was used
as a solvent The single crystal sample was
then dried and calcined for 3 h at 773K in
Fig.l Mo K-edge XAFS spectra for
air. The measurement was carried out at
molybdenum oxide on TiO2(l 10).
BL14A. The X-ray absorption spectra for
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Introduction
Results and Discussion
Total reflection fluorescence XAFS is a
It is desirable to place the detector as close
unique technique to determine the anistropic
as possible to the window of the cell because the
structure of dispersed species on the single
maximum total counting rate is 103 - 2x10* cps
crystal substrate surface. The total reflection
due to the small size of incident X-ray. Large
fluorescence XAFS spectra were often
detectors such as a solid state detector or a
deteriorated by the undesirable diffraction peaks.
conventional scintillation counter could not be
The diffraction peak has a high directivity.
place close to the sample surface because of the
Thus we can remove the diffraction from the
geometrical hindrance of the in-situ cell. Thus,
spectra simply by putting the detector at an
it was difficult to place even 30mm to the
appropirate position. Thus the compact detector
window of the cell. It induced a very low S/N
is ideal because we can easily adjust the detector
ratio of the spectrum with the scintillation
position. In this study, we employed the CdTe
counter. Fig. 1 (a) shows the PTRF-XANES
(Cadmium telluride) as a detector which can be
spectra at Mo K-edge in the energy region of
used as a detector at room temperature, with a
19950-20100 eV recorded by the CdTe detector.
long-time stability and a low noise operation.
The measuring time for each point was only 5
Moreover, the detector is compact.
In this
sec. For comparison the spectrum was also
paper we report the possibility of CdTe detector
measured by a Nal scintillation counter (45cp X
application to Polarization-dependent Total
120 mm) as shown in Figl(b). It showed that
Reflection Fluorescence XAFS(PTRF-XAFS)
the Is ->5p/4d transition peak in the K-edge
study.
region which is distinct in the case of the CdTe
detector. The XANES spectrum indicates a Td
Experimental
structure around Mo atom.
CDTE-XBE(Toyo Medic Co., Ltd., Japan),
0.025
a CdTe solid state detector, was used to monitor
X-ray fluorescent signal from the sample.
0.020 Energy resolution of the detector is 4.5 keV at
54.8 keV. The measurement was performed at
0.015 BL14A with a four circle goniometer The
PTRF-XAFS spectra at Mo K-edge for
20100
20000
molybdenum oxide on TiO2(l 10) were obtained
with the electric field vector parallel to [001]
direction of TiO2(110). TiO2(110)(20 x 40 x 1
0.15
mm3) single crystal (Earth Jewelry Co.,
Ltd. Japan) was annealed for 5 h at 823 K in air.
0.10 Molybdenum oxide was supported on
0.05
TiO2( 110) surface by an impregnation method
using aqueous solution of ammonium
20000
20100
heptamolybdate, followed by calcination at 773
Energy / eV
K. The sample was mounted in a small in-situ
Fig. 1 Mo K-edge XANES spectra recored by
cell.
(a) CdTe detector (b) Nal scintillation counter.
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X-RAY DIFFRACTION STUDY OF a -CRISTOBALITE
AT HIGH PRESSURE AND HIGH TEMPERATURE
Akifumi ONODERA, Kaichi SUITO, YozoTANIGUCHI, Junpei NAMBA,
and Takashi HORIKAWA
Faculty of Engineering Science, Osaka University, Toyonaka, Osaka 560
Osamu SHIMOMURA and Takumi KIKEGAWA
Photon Factory, National Laboratory for High Energy Physics, Tsukuba, Ibaraki 305
Introduction
Low (or a )-cristobalite, a high-temperature
polymorph of silica (SiO2) crystallizing in a tetragonal structure, attracts both theoretical and
experimental interests for its low density (2.33
g/cc) being smaller than that of a -quartz (2.65
g/cc) and, nevertheless, for the short Si-O bond
length (1.60 A) close to coesite (1.61 A). The
structural characteristics suggest that there remain ample voids in the steric configuration of
SiO4 networks in this material, thus leading to an
expectation for pressure-induced phase transition
into denser form(s). In fact, a transition into a
monoclinic structure has been reported to occur
at about 1 GPa.!)
This work was undertaken to study the hightemperature behavior of the high-pressure monoclinic phase of a -cristobalite by in-situ x-ray
diffraction.

is exhibited by the splitting of the (110), (102),
and (200) reflections taking place at 2.2 GPa. We
note that the (111) reflection splits at much lower
pressure. Because the splitting was most pronounced in the (200) reflection, this was monitored to place the transition on compression and
decompression under isothermal conditions up
to 200 "C. The transition pressures were found to
become lowered with increasing temperature.
4.300 4.200 -.
4.100 -.
4.000 -.
3.900 -:
3.800 -i
3.700 -:
3.600 -.
3.500 -.
3.400 -.
3.300 -.
3.2O0 -•

Experiment
Synthetic a -cristobalite was pressurized with
MAX90 installed at BL-14 and also with
MAX80 at ARNEC-5C. Anvils with 6 mm
square top faces were employed to compress a
cubic sample holder with an 8 mm edge length.
The sample was enclosed in a capsule made of
teflon with or without a pressure-transmitting
fluid, fluorinert. This was to study any effect of
nonhydrostaticity on the transition behavior.
Powders of NaCl to monitor the pressure were
placed inside a capsule, also made of teflon, positioned next to the capsule holding the sample.
X-ray diffraction patterns were taken normally
within 100 sec in the energy-dispersive mode.
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Fig. 1 Interplanar spacings of a -cristobalite
with increasing pressure.

Results and discussion
Figure 1 shows interpanar spacings of a cristobalite plotted against pressure at room temperature. The transition to the monoclinic phase

Reference
1) D.C.Palmer and L.W.Finger, Amer.Mineral.
79, 1 (1994).
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Introduction

0.0206/0.0259. The minimum Ys values was 0.62. The
specimen severely suffered from the secondary extinction.
The refinement without extintion correction gave the final
R/Rw values of 0.0438/0.0618.

Chromium-doped CaYAlO4 is expected to exhibit the
photochemical hole-burning phenomenon at low
temperatures. This phenomenon has an application to the
ultra-high-density optical memories. CaYA104 is a
potential candidate for the host structure. The hole-burning
phenomenon in Cr-doped CaYAlO4 is attributed to the
presence of various octahedral crystal fields.1)2) Purposes
of the present study are; (1) to determine the structure of
K2NiF4 type CaYAlO4 to clarify the structure and property
relations, and (2) to carry out an experiment under the
extinction-free condition to achieve (1).

Result
The bond length calculation suggests that nine O atoms
coordinate to Ca and Y atoms. The Ca-O(2) bond length is
2.245(1) A, and that of Y-O(2) is 2.252(1) A. This
indicates that Ca atoms are located at nearer positions for
the 0(2) sites than Y. The Al-O(l) bond length is
1.8226(1) A and Al-O(2) is 2.0037(8) A. The A1O6
octahedra expands along the c-axis. The fluorescence
analysis
of
the
specimen
gave
Can.987(4)Y0.970(2)Ali.000(7)O3.957(24)- On the other
hand,
The
X-ray
diffraction
analysis
gave
Cai.009(0)Y0.991(2)Al().977(3)Oli.994(7)O2i.967(6)
where the Ca/Y ratio was fixed at the value obtained by
XRF.
The extinction-free SR data set from a small crystal
provided detailed structural information as follows:
(1) Crystals of CaYA104 have oxygen vacancies.
(2) Presence of excess Ca and deficient Y atoms from the
nominal composition are detected.
(3) Comparing the basal O(l) site with the apical 0(2)
site, the latter enriches oxgen vacancies.
(4) Ca and Y atoms are located at slightly different
positions along the c-axis.
(5) Anisotropic thermal parameters of oxygen atoms
indicates that A1O6 octahedra librates around axes
perpendicular the c-axis.

Experimental
Single crystals of CaYAlO4 were grown by the
Czochralski technique in an inert atmosphere. Crystal data
are tetragonal, I4/mmm, a=3.6451(l) A, c=11.8729(2) A,
Z=2, and Dx = 4.64 g/cm3. Three dimensional diffraction
data were collected from a crystal with dimensions of
12.5xl2.5x6.0um 3 using a vertical-type four-circle
diffractometer') at the beam line 14A of the Photon
Factory, KEK. X-rays were focused using a toroidal
mirror. Intensity variation of the incident beam was
monitored by the ion chamber placed between the
specimen and a pinhole of 0.4 mm in diameter in the
incident slit box of the diffractmeter. Diffracted intensities
were corrected based on the fluctuation of the monitor
count of the incident beam. The wavelength of 0.7503A,
which is 516eV below the Y-K edge, was selected to avoid
the contamintion due to the fluorescence of Yttrium in the
compound and to reduce the absorption effect. In all, 425
independent reflections with |F|i3 cr (|F|) were obtained
from 2646 measured reflections in the range 2 0 s 138°. A
least-squares refinement program employing the secondary
extinction correction after Bekker and Coppens^) was used.
The minimum Ys value was 0.96 when the correction was
included. This indicates that the secondary extinction was
almost negligible in this experiment. The refinement
terminated with the final R/Rw values of 0.0097/0.0115.

References
1) M.Yamaga&N.Kodama, REDS. 166.133-135(1995)
2) M.Yamaga&N.Kodama, Phys Rev B,in press(1995)
3) Y.Satow&Y.Iitaka, Rev.Sci.Instrum. 60(71.2390(1989)
4) P.J.Bekker&P.Coppens, Acta Cryst. A30.129(1974)

For comparison, diffraction data were collected using a
four-circle diffractmeter with AgK a (0.56083A). The
sample was shaped into a sphere of 0.112 mm in diameter.
In all, 392 independent reflections were used in the leastsquares procedure. The refinement employing the isotropic
extinction correction gave the R/Rw values of

255

95-G334
STRUCTURE ANALYSIS OF YTTRIA-STABILIZED CUBIC ZIRCONIA USING HORIZONTALTYPE FOUR-CIRCLE DIFFRACTOMETER AT BL14A
Yuta MATSUSHIMA, Mikio HAYASH, Katsumi SUDA, Yasunori TABIRA and Nobuo ISHIZAWA
Research Laboratory of Engineering Materials, Tokyo Institute of Technology, Nagatsuta, Midori-ku,
Yokohama 226
Introduction
Zirconia forms solid solutions with alkaki,
alkaki earth and rare earth metals, showing high
ionic conductivity at high temperatures available
for the solid electrolyte. The structures are, however, very complicated even though they are often
categorized into a simple fluorite-type structure.
In this paper, the structure of yttria doped cubic
zirconia (Zro.758Yo.242)Oi.879 is reported using
the single crystal X-ray diffraction technique.
Experimental
Y2O3 commercial powder was calcined at 723
K for 24 hours. ZrCU.nJfcO commercial powder
was heated to remove CI2 and H2O at 1473 K for
2 hours to obtain ZrO2. The procedure was repeated twice. Y2O3 and ZrO2 were mixed in the
agate mortar with methanol for an hour. The
mixture was heated at 1473 K for 10 hours and
broken into powder. A rod was formed with 1 mm
in diameter and 10 mm in length by hand pressing. Using the focused YAG laser beam, the single
crystals were obtained by melting the tip of the
rod. A transparent part of the melt-quenched
product was ground into a sphere of 35 \un in diameter.
Diffraction experiments were carried out using
a horizontal-type four-circle diffractometer at the
beam line 14A with S i ( l l l ) double monochromator and the focusing mirror. Two wave lengths of
0.75 A and 0.7281 A were employed, corresponding to the energies 500 eV and 10 eV below the Y
K absorption edge, respectively. Intensities were
measured by the Nal scintillation counter. To calibrate the X-ray wavelength using Y K edge, the
diffracted intensity of 200 reflection was measured
at energies between 16838 and 17038 eV with 2
eV steps and those between 17038 and 17834 eV
with 4 eV step. The middle point of the observed
jump in the ln(I/I0) vs. energy plot was assigned to
the Y K edge at 17037.7 eV (0.72766 A) [1].
Collimator of 0.2 mm in diameter was used.
The fluctuation of the incident beam was monitored by the Ar gas ion chamber placed between
the incident slit of 0.4 mm in diameter and the
collimator. The diffraction intensities were corrected by the monitor count. Intensity measurement was carried out in the range from 1.0 to
140.0° in 26 with the 28/tu scan mode. The scan
was repeated up to 3 times until o(|F|)/|F| becomes
less than 0.010. Attenuating foil of the factors of
31.5852 for 0.75 A and 24.2483 for 0.7281 A
was inserted when the diffracted intensity exceeds
50,000 cps.
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For the 0.75 A data set, 2278 reflections were
obtained in the whole sphere of -13 s h, k, 1 s 13,
and reduced to 83 independent reflections after
averaging the equivalent reflections. For the
0.7281 A data set, 1258 reflections were obtained
in the hemisphere of -14 s h, k s, 14, 0s 1 s 14,
and reduced to 90 independent reflections after
averaging the equivalent reflections.
The refinement of the structure with the space
group Fm3m converged to R/Rw of 0.0053/0.0051
for the 0.75 A data set and 0.0074/0.0066 for
0.7281 A data set. The Zr atoms are displaced
from the origin toward <111> by about 0.17 A in
contrast to the Y atoms at the origin. The 0.7281
A data set was useful in distinguishing Y and Zr
atoms that have 39 and 40 electrons in neutral
state, respectively, and 36 in the fully ionized state.
Using the structural parameters obtained by the
0.75 A data set, the R factors were calculated using
the anomalous dispersion factors corresponding to
the wavelength from 0.7278 to 0.7300 A. The
minimum R factor was obtained for f = -5.684 for
the Y atom at 0.7291 A instead of -6.838 at
0.7281 A. This may be due to the inaccuracy of
the calculated dispersion factor or a problem in
the procedure of the energy calibration.
0.050

0.7278 0.7283 0.7288 0.7293 0.7298
Wavelength corresponding to the f
Fig. 1 Calculated R factor vs. wavelength
corresponding to the f
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Introduction

count of the incident beam. A perfect polarization
along the vertical direction was assumed. The
2213 independent reflection data were generated
by averaging the structure factors of symmetrically equivalent reflections, and corrected for the
absorption. The 1150 reflection data of sinQfk
sl.O was used for a provisional least-squares
refinement.

The crystal of defect-perovskite-type compound Lai/3NbO3 is a promising host material
for the Li cation intercalation in the field of
material science. Iyer and Smith*) reported the
structure of this compound. Reported unit cell
contains two molecules of the oxide, and has
only 2/3 La cations randomly distributed on the
plane z=0 without any ordering or clustering of
the cations and vacancies. This structural feature
will be closely related to not only the ionic
conductivity but also the other physical properties, such as the dielectric relaxation. However,
the structural details have not revealed yet.
Present study was thus undertaken to obtain
further information on the structure of this oxide
by using the single crystal X-ray diffraction
method.

Result
The refinements based on possible space
groups were compared each other. The best
results were given by the structural model based
on Cm2m, and it gave the R/Rw values of
0.048/0.042. The reflections can be divided into
two groups, that is, those of fundamental
reflections based on the unit cell reported by Iyer
& Smith, and those of the superstructure
reflections. The R/Rw factors for the former set
of reflections gave 0.044/0.040 and those for the
latter gave 0.089/0.110 for the Cm2m structure.
Since the intensities of the superstructure
reflections do not exceed 0.6% of the strongest
one in the fundamental reflections, the obtained
structure model assuming Cm2m is plausible. No
evidence was found for the presence of the La
cations at the vacant sites at z=0.5. All of La
cations are randomly distributed at two different
positions of 2a, which arc displaced along
<010>. This displacement is antiparallel. The
distorted NbO6 octahedra are tilted in antiphase
along <010> and in-phase along <001>. Around
Nb cations, the excessive electron densities were
found. It implies the slight shift of the Nb
cations. Such disordered nature of Nb cations
originates in the local distribution of the La
cations and the vacancies at the La sites.

Experimental
Single crystals of Lai/3NbO3 were synthesized by the floating zone method. The specimen
with a spherical shape of 35 \im in diameter was
used for the intensity measurement by the
horizontal-type four-circle diffractometer^) at the
beam line 14A. A focused beam with the
wavelength of 0.7A was employed using a
double-crystal monochromator of Si(lll) and a
toroidal mirror. Intensity variation of the incident
beam was monitored by an ion chamber placed
between the specimen and a pinhole of 0.4mm in
diameter in the incident slit box of the
diffractometer. A superstructure with doubled a
and b dimensions of the reported unit cell was
observed in this SR study. Assuming that
Lai/3NbO3 has an orthorhombic structure,
crystal data arc a=7.817(l)A, b=7.836(l)A,
c=7.910(l)A and Z=8. From the systematic
extinction, Lai/3NbO3 had the C-centred lattice
and the possible space groups were found to be
Cmmm, C2mm, Cm2m, Cmm2 and C222. The
4022 reflections were observed in the 1/8 sphere
of s/n8/X,<1.35. Diffracted intensities were
corrected based on the fluctuation of the monitor

References
1) P. N. Iyer & A. J. Smith, Acta Cryst., 23_740
(1967)
2) Y. Satow & Y. Iitake, Rev. Sci. Instrum.,
60J7] 2390 (1989)
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Introduction
The defect-perovskite-type compounds Lai/3TaO3 arc
promising host crystals for the Li cation intercalation in
the field of material science. Iyer and Smith *•) reported the
structure of this compound. The structural feature will be
closely related to not only the ionic conductivity but also
the other physical properties, such as the dielectric relaxation. However, the structural details for this compound
have not revealed yet. Present study was thus undertaken
to obtain further information on the structure of
Lai/3TaC>3 by using the single crystal X-ray diffraction
method.
Experimental
Single crystals of Lai/3TaC>3 were synthesized by the
floating zone method. Crystal data are a=b=3.9156(2)A,
c=7.9112(8)A, Z=2 and SG=P4/mmm. The specimen with
a spherical shape of 45 y.m in diameter was used for the
intensity measurement by the horizontal-type four-circle
diffractometer2) at the beam line 14A. A focused beam
with (he wavelength of 0.7A was employed using a
double-crystal monocbromator of Si(lll) and a toroidal
mirror. Intensity variation of the incident beam was
monitored by an ion chamber placed between the specimen
and a pinhole of 0.4mm in diameter in the incident slit
box of the diffractometer. Diffracted intensities were
corrected based on the fluctuation of the monitor count of
the incident beam. A perfect polarization along the vertical
direction was assumed. The 2878 reflections were observed
in the entire sphere of sinQ I \ < 0.7 and the 1/8 sphere of
0.7* sine / X. < 1.35. The 801 independent reflection data
were generated by averaging the structure factors of
symmetrically equivalent reflections, and corrected for the
absorption. A provisional least-squares refinement based
on these reflection data gave the R/Rw values of
0.0261/0.0265.

Ta cations, two types of excessive electron density were
found about 0.2A away along <001>. From the position
of Ta cation in the map, one type of the excessive electron
density was on the side near to (he O(3), and the other was
on the opposite side. The latter was toroidal in shape with
maximum density 0.3A away from the four-fold axis. It is
considered that (1) these excessive electron densities
around Ta cations imply a slight shift of Ta cations
toward the maximum densities, and (2) the positions
determined by this analysis are the average ones. Such
disordered nature of Ta cations originates in the local
distribution of the La cations and the vacancies at the La
sites.
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the Si 022 and 0 2 2 reflections in the grazing-angle
geometry from each sample. The diffracting vector
was parallel to the surface in the 02 2 case, while it
was directed upwards from the surface by 4 ° in the
022 case.
Analysis
/, M\ and M2 are related to parameters r^ and r\2,
which are determined by fitting the As emission profiles observed with the 022 and 02 2 reflections respectively [4]:
1
-(1/2JI) cos [(m+r\z-[i)/\i],
!-n) / (Tii+Ti2-2|i),

limits the ranges of Mx, M2 and / : 0.42£M t £ 0.62, 0
< M 2 £0.38 and 2.98A£/£2.55A. The result that
Mi > M2 is consistent with the RHEED and LEED
observations, though it contradicts the predominant
2x1 domains expected from the energy calculations.
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Introduction
The clean Si (100) surface is known to reconstruct in
the 1x2 and 2x1 structures. On a surface nearly
parallel to the (100) orientation, atomic steps have a
single-layer height a/4, which results in a mixed 1x2
and 2x1 structure by the nature of the diamond structure of silicon crystal. On surfaces tilted towards the
[Oil] direction by a few degrees, double-layer-height
steps are energetically favored [1] and this leads to
predominant 2x1 domains with the dimer bond direction parallel to the step edges. When As atoms are
deposited on such surfaces at temperatures above
600 XJ , As-As dimers are oriented parallel to the step
edges [2]. In our previous experiment [3], we obtained the fractions, Mi = 0.617 and M2= 0.375, of As
atoms in the 1x2 and 2x1 dimers respectively, assuming that the As-As dimer bondlength (/) is 2.55 A.
We report here an analysis using no such assumption.
Experiment
Our data were obtained from two samples with surfaces inclined from the (100) plane by 4
towards
the [011] direction [4]. A first sample (A) showed
stronger intensities for the 1x2 spots than for the 2x1
spots in the RHEED and LEED patterns, while
stronger 2x1 spots were observed from the other sample (B). We collected As K fluorescence data using

—3

0.5

LL

•«

'•••

n
0.4

I

0.6

0.8

Vvf 2.5

u ( =M, + M2)
Experimental data for sample B are analyzed in
the same way, giving 0 < M ^ O . 3 7 , 0.55^,M2<,0.63
and 3.22 A ^ / ^ 2 . 8 1 A. The range of / determined
here does not include the value 2.55 A previously
determined using the conventional XSW method [5].
This may be due to the fact that the incident X-ray
beam illuminated different surface areas in the 022
and 0 2 2 measurements and that the domain ratio is
not constant over the sample surface.
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M2 = \i{r\2 -\i) I (r\i+r\r-2\ji),

where ji = A/j + M2. The figure shows /, Mi and M2,
calculated for sample A as a function of [i. This
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I ntro d uc t ion
Dimers and atomic steps on clean and adsorbed Si (001) surfaces are fundamental
to the growth of GaAs on silicon [1]. We
designed 12] and tested a portable ultrahigh vacuum system for X-ray diffraction
experiments on the vertical-wigglery beamline, BLUB.
Fprtable_U_HV X-ray chamber
The design of the chamber features a
hemispherical Be window housing a sample
in the horizontal orientation. The dome,
7)2 mm in radius and 0.5 mm in thickness,
allows X-ray beams to income and outgo in
an;- direction above the sample surface.
The chamber is associated with a 340 1/s
magnetically levitated turbo pump, supported by a rotary pump placed on the
roof of the safety hutch, and a 300 1/s
titanium getter pump with a liquid nitrogen shroud. \ sample is introduced
sidevva.% and a cam mechanism changes the
sample orientation by 90° as it elevates
the sample to the level of the X-ray
beam. The whole chamber sits on crossed
swivels which control the & and x
angles of the sample. The oc motion is
provided b\ the high-precision rotary
table of BLUB which mounts the whole
assembly. Samples are prepared in our
institute and taken to the Photon Factory
in a newly designed transportation vessel
with a 30 1/s sputter-ion pump, powered
by a car buttery. For sample transfer
this vessel is coupled to a docking chamber vvhich is attached to the X-ray chamber at the gate \alve seen at the right
of the picture. Tests showed that the
base pressure in the X-ray chamber and
the transportation vessel is in the range
of 10"sPa, which is two orders of magnitude better than in our previous system
[3|. New goniometer control software
allows an in-vaeuum sample to be oriented
for arbitrary positions on crystal* On leave from Inst. of Crystallography,
Russia Academy of Sciences, Moscow

t
truncation rods associated with surface
Bragg reflections for an X-ray detector
confined in the horizontal plane.
Experiment and results
Commissioning experiments were performed
in December 1995 using an As-deposited Si
(001) sample. The substrate surface was
miscut by 4° towards the [110] azimuth to
favor As-As dimers in the 2X 1 domain
than the 1X2 domain. Goniometry precision was tested by measuring surface and
bulk reflections from this sample at fixed
glancing incidence angles of 2.8 and 16
mrad for 1.19 A X-rays. Four fractionalorder reflections, including those from
the two domains, and eight integer-order
reflections were measured at the calculated positions for 1=0 with a maximal
deviation of 1.3 mrad in u>. Equivalent
integer reflections showed different integrated intensities. The chamber vacuum
was found to be better than 2.7xl0- 8 Pa
for the 7 days of the experiment.
References
[1] (.'.A.M. Carvalho, O. Yokota, H. Hashizume et al.: Photon Factory Activity
Report vol.12 (1994).
12] 0. Sakata, A.M. Nikolaenko et ah:
4th Intern. Conf. on Synch. Rad.
Sources, Kyongju, Korea (1995).
13] O. Sakata and H. Hashizume: Rev. Sci.
Instrum. 66, 1364 (1995).
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Introduction
We have been developing phase-contrast X-ray CT to
enable three-dimensional observation of weak X-ray
absorbing materials.l) By using an X-ray phase contrast
technique, image sensitivity to light elements is almost a
thousand times greater than that of absorption-contrast
methods. Therefore, biological soft tissues can be observed
without the need for staining and without serious radiation
exposure. We have previously" observed a cancerous tissue
and showned that cancerous lesions were differentiated
from the normal tissue. However, ring artifacts appeared
in the reconstructed CT image.

References
1) A. Momose, T. Takeda, and Y. Itai, Rev. Sci. Instrum.
66, 1434(1995).
2) A. Momose, T. Takeda, Y. Itai, and K. Hirano, Nature
Medicine 2, 473 (1996).

„
Phase shifter <- *

For CT image reconstruction, phase-mapping images
are used for input data to the algorithm. We developed
fringe-scanning X-ray interferometry to obtain the phasemapping images. This method produces the phase-mapping
images by processing interference patterns obtained by
changing the relative phase difference between the two
beams in an X-ray interferometer. A wedge phase shifter
was used to change the phase difference. However, fringes
caused by the wedge were responsible for the artifacts,
especially when the phase drift existed during the fringe
scan.

X-ray interferometer

Fig. 1 Schematic diagram of experimental setup.

Experiment
To improve the image quality, we covered the
interferometer with a hood to reduce the phase drift, and
also replaced the wedge with a plate phase shifter (Fig. 1).
The phase difference was varied and tuned by rotating the
plate phase shifter. Although the phase difference must be
calibrated against the rotation angle of the phase shifter,
ring artifacts are suppressed even when the phase drift
still existed.
Results and discussion
Figure 2 shows a three-dimensional expression of the
entire body of the CT data of a test object (plastic sphere
1 mm in diameter) obtained with 0.7-A X-ray.21 One octant
has been cropped to show that 30-|J.m bubbles mixed in
during molding are detected. Figure 3 shows the observed
cancerous rabbit liver2' (left half: the cancerous lesion).
Thus, artifacts are much reduced, and it is easier to see
fine structures in the sample. The image contrast of these
images corresponds approximately to the density
distribution, and the detection limit is estimated to be 4
mg/cm3 from the SNR of the images.

Fig. 2 Phase-contrast CT image of a plastic sphere.

Fig. 3 Phase-contrast CT image of a cancerous rabbit liver.
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Introduction
The determination of electron density profiles
p (z) for surface layers by X-ray reflectivity
measurements is a typical inverse scattering
problem. The square root of the Fourier
transform of q4f?(g) gives the gradient d p (z)/dz,
but in order to obtain this information, one
needs the phase of the amplitude reflection
coefficient R(q), which is lost in standard
measurements of reflectivity | R(q) \ 2. The
anomalous-dispersion technique tries to r e cover the phase information by measuring reflectivities at and away from the absorption
edge of the substrate atoms where the amplitude and phase of the reflection from the s u b strate material are changed in a known manner.
Experiment and Results
Three pairs of Al(30 A)/C(70 A ) bilayer were
0.2
0.3
0.5
prepared on Ge(lll) substrates in a standard
1
<?.
(A'
)
sputtering facility. X-ray specular reflectivities were measured using a triple-axis reflectometer on beamline BL14B at photon e n e r gies close (9.5 keV) to and away (11.1 keV)
from the Ge^T absorption edge. The experiment
was done by implementing a newly designed
counter arm with a slit holder, which made the
installed high-precision rotary table work as
a double-axis reflectometer. Symbols in Fig.
a show the results of typical scans on our
[Al/C]a/Ge sample for the two photon energies.
The data were used to solve an equation
system for the real and imaginary p a r t s
of A P (q) where A p (q) is the Fourier
matches the bulk density (0.78eA~3).
transform of A p (z) representing the
Reflectivities calculated from the deterdeviation of electron density from the
mined profile (line in Fig. a) agree well
mean density p o [1]. The formula was
with the observation.
modified for a three-layer system to
include a 20 A GeO layer, which was
We are thankful to H. Takenaka for the
found between the Al/C film and the Ge
sample preparation. This work is supsubstrate by a fit of the reflectivity
ported by the Japan-India Cooperative
profile [2]. The anomalous-dispersion
Scientific Programme, organized by the
corrections used for Ge are / ' = -1.49,
JSPS and DST.
/ " = 0.653 for 9.5 keV X-rays and / ' =
References
-8.0, / " = 0.496 for 11.1 keV X-rays.
Fig. b shows the electron density profile
[1] M.K. Sanyal, S.K. Sinha, A. Gibaud et
p o + A p ( z ) for our sample, where the
al.: Europhys. Lett. 21, 691 (1993).
top Al layers are significantly lower in
[2] T. Ohkawa, Y. Yamaguchi, 0. Sakata
density than the bottom layer which
et al.: Physica B (in press).
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Introduction
A proportional scintillation i-ray imaging chamber
(hereafter, referred to as PSXIQ is a new type of 2-dimensional position-sensitive gaseous detector1'2) It consists
of an x-ray conversion volume, a parallel-plate avalanche
counter, and an image intensifier. The secondary electrons
generated in the conversion volume by incoming x-ray
photons are transported to the parallel plate avalanche
counter, where they produce a luminous pattern of the incoming x-ray image through proportional scintillation
mechanism. The image intensifier will, then, visualize
the luminous pattern, for example, on a TV monitor,
continuously providing real-time x-ray images. Since the
operational principle of a PSXIC is mainly based
scintillation photon multiplication processes, but not the
electron multiplication processes, it had been expected
that a PSXIC could stably function even under such a
high intensity of x-ray irradiation where usual gaseous
detectors such as multiwire proportional counters fail due
to space charge accumulated in their detection volumes.
Experimental
Having constructed a prototype of PSXIC with a spherical conversion volume, we successfully confirmed its robustness against the high intensity x-ray by visualizing
the images of the monochromatized direct x-ray beam
with the prototype at the BL-14C of Photon Factory
November 19943). During the course of performing the
experiment, however, a systematic distortion was steadily
seen in the observed x-ray images, being attributed to the
electric field irregularity happened in the conversion volume. To verify this hypothetical explanation, the conversion volume was replaced with a simple parallel-plate
structure in the present study, and Laue diffraction patterns of cholesterol powder observed with the modified
prototype were carefully examined in terms of their
isotropy. The prototype was filled with Xe (98.7%) +
Triethylamine (1.3%) at 1 atm, and the avalanche counter
was operated with an electric filed of 7.8 kV/cm.
Results and Discussion
Figure 1 and 2 display a typical Laue diffraction pattern of cholesterol powder observed with the modified prototype and its intensity profile measured, respectively.
The image distortion are successfully eliminated in the
present prototype, improving not only the isotopy but
the quality of the diffraction pattern as well in comparison
with those obtained previously3). This result provides the
hypothetical explanation with an experimental confirmation. A spherical conversion volume is, however, indis-
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pensable for canceling the parallax error. The present results, therefore, clearly orients our PSXIC project in the
direction of designing and fabricating a new spherical conversion volume with a higher mechanical precision.

Fig.l
Laue diffraction pattern of cholesterol
powder observed with the modified prototype.
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Fig.2 Intensity profile of the Laue diffraction
pattern measured with cholesterol powder.
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280.
2) M.Suzuki et al., Rev. Sri. Instrum. 66 (1995) 2336.
3) M.Suzuki et al., Photon Factory Activity Report #12
(1994).
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Introduction

2.Q

The molten KC1 and KBr have been considered
to transform into CsCl-like structure from NaCllike structure under high pressure, which is
accompanied by the increase of the coordination
number of nearest neighbor ions 1 . In order to
elucidate this hypothesis, it is necessary to
determine the pressure variation of the structural
parameters of liquid, such as the coordination
number and the inter-atomic distance. This short
report shows the results of in-situ X-ray diffraction
study on KC1 and KBr melts under high pressure.
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Fig. 1. Correlation function of molten KC1 and
KBr at various pressures.

Experiments
X-ray diffraction measurements were carried
out using MAX90 at BL-14C by the energy
dispersive method. In order to cover the wide Qrange (up to 15 A"1), the diffraction angle was set
at various angles (3 to 24°). Diffraction profiles
were collected just above the melting points of KC1
and KBr up to 3.5 GPa.
Results and Discussion
The correlation function g(r) for molten KC1
and KBr was obtained by Fourier transformation
of the structure factor (Fig. 1). The nearest
neighbor distance (rl) is nearly constant, but the
second neighbor distance (r2) clearly decreases
with pressure up to 1.5 GPa. The coordination
number of the nearest neighbor ions increases with
pressure in both melts (Fig. 2). These indicate the
melt structure gradually changes with increasing
pressure in both melts.
At atmospheric pressure, the structure of alkalihalide melts is well known to resembles the NaCl
structure, which is the stable structure of solid state
just below the melting temperature 2 . Above 1.5
GPa, however, the ratio of rl and r2 in both melts is
approaching to the value of CsCl structure (Fig.
3). This implies that the melt structure changes
into the CsCl-like structure.

Fig. 2. Coordination number of nearest neighbor
ions in molten KC1 and KBr.
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Fig. 3. The ratio of the second neighbor distance
and the first neighbor distance in molten KC1 and
KBr.
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Introduction
Barium disilicide (BaSi2) has one stable
phase with an orthorhombic structure* *> and two
metastable phases at ambient condition. One
of
2
the metastable phase has a cubic structure*
)
and the other has a trigonal structure*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,
CaSi2- Thus, the structural sequence of BaSi2
under pressure resembles to that of alkalineearth disilicides obtained by changing a metal
element into 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;
an element transformed into the structure of the
latter element in the same group when
compressed. It is interesting to study why the
structural sequence of alkaline-earth
disilicides is different from that of elements.
However, the structural sequence of BaSi2 among
the three phases is not well known. To date, the
crystal structures were determined for
quenched samples. Therefore, we carried out insitu X-ray measurements for BaSi2 at pressures
up to 7.1 GPa and temperatures up to 1000°C.

cubic phase but the trigonal phase still remains
above 700°C. It indicates that the trigonal and
cubic phases coexist in a wide temperature
range at 5.3 GPa. From these results, it is
concluded that both the cubic and the trigonal
phases are formed at high pressures and high
temperatures and maintain the same structure
when temperature is cooled down to room
temperature and pressure is reduced to an
atmospheric pressure. With increasing
temperature up to 800°C, another phase that is
different from both the cubic and the trigonal
phases appears. But the crystal structure was
not determined. The same phase transition
occurred when orthorhombic BaSi2 was heated in
the pressure range of 2 to 6 GPa. When the
sample was heated at 7 GPa, orthorhombic BaSi2
transformed into trigonal BaSi2 at 450*C. At
higher temperatures, the trigonal phase
transformed into the unknown phase. The cubic
phase did not appear at this pressure.
References
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X-ray diffraction measurements were carried
out by a transmitting energy-dispersive method
with synchrotron radiation in AR-NE5.
Powdered sample and NaCI 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 NaCI.
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Results and Discussion

A.

Figure 3 shows X-ray diffraction patterns
during the heating process at 5.3 GPa. BaSi2 has
the orthorhombic structure at room temperature.
With increasing temperature, a new phase
assigned to a trigonal structure appears at
400"C. This structure is the same as that of the
trigonal phase obtained by the quenching
experiments [3, 4]. These peaks were assigned to
a cubic structure. This structure is also the
same as that obtained by quenching. At 700°C, a
large part of the sample transforms into the
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Fig.l X-ray diffraction patterns in heating
process at 2.9 GPa. The symbols, o, c, tand B
represent diffraction peaks from orthorhombic
BaSi2, cubic BaSi2, trigonal BaSi2 and BN
pressure capsule, respectively.
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Introduction
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-L' 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, we have
been developping a new method for density measurements under high pressure and high temperature|3|. In this study we measured density of
liquid Te up to 4 GPa and up to 770°C.
Experimental
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 (IQ) was
monitored by fluorescence x-ray from Sn foil on
i he 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 mm2. Since the
sample thickness changes with pressure, we need
other standard of thickness to determine the density from measured x-ray absorption. We therefor put a sapphire ball, 0.5 mm in diameter, in a
sample capsule as a calibrant of the thickness, and
measured x-ray absorption as a function of sample
position.

liquid-liquid transition[2]. There was, however, a
possibility that thery were caused by experimental
errors since the error estimated from a variation
of data was about ±1.0%. The refinment of the
data analysis and improvement in the experimental technique are currently under way.
References
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[2] V. V. Brazhkin, R. N. Voloshin, S. V. Popova
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Figure 1. Example of log(///o) for liquid Te at
4.1 GPa and at 650°C as a function of press height.

Results and discussion

x*'S

Figure 1 shows the logarithm of I/IQ at
4.1 GPa. and 650°C as a function of the press
height, x. The curvature of the sapphire ball was
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. We carried out
three series of measurements under constant load
conditions. The jump of the density at the TelTel I transition and that upon melting were clearly
observed. In all measurements there are regions
where the density increases in spite of increase of
temperature as indicated arrows. The temperature at which these anomalies occured, around
600°C, agree with the boundary of the proposed
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Figure 2. Density of Te around 4 GPa as a function of temperature.
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Introduction
X-ray diffraction for liquid Rb has been measured under pressure up to 6 GPa[l,2]. Volume
dependences of static structure factor S(Q) and
pair distribution function g(R) were obtained
in the volume range v(=V/Vo)=l~0.5
to investigate the effect of the electronic change on
the ion-ion pair potential and the structure of
liquid metals.
Experimental
The experiments were carried out using a
cubic-type high-pressure apparatus, MAX80 installed on AR-NE5C and MAX90 installed on
BL-14C. 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[3].
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.
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In Fig. 2, the first-peak position of S(Q), Qi
is shown as a function of the (V/VQ)'1^3, where
v0 is the volume at atmospheric pressure. Qi
increases with pressure in contrast to that in
the expanded Rb at high temperatures[4]. The
deviation from the uniform-compression model
becomes large above 3 GPa.
The change in the first coordination number N\ deduced from the area of the first peak
of g(r) is very small below 3 GPa and Ni increases above 3 GPa. At 6.1 GPa, N\ is larger
than that below 3 GPa by 25%.
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Fig. 2 The position of the first peak Qx for
liquid Rb as a function of (v/vo)'1^3. The solid
line shows the expected values from a uniformcontraction model.
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Fig. 1. Structure factor S(Q) of liquid Rb at
several pressures.
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Introduction
Silicon diode detectors are widely used to measure the
photon intensity. For photons above 10 keV, they
are usually calibrated per dosimetric quantities, such
as, absorbed dose or exposure. In the author's previous work1), silicon photodiodes were calibrated per
unit photon flux between 7 and 40 keV. They show
a good performance, though they lack uniformity in
sensitive area for photons above 25 keV. This defect
was due to the electrical contact placed in the backing
and backscattered radiation comes back to silicon. Recently some ion-implanted silicon detectors are available to detect AE of high-energy charged particles.
The dead layers of both front and rear sides are much
thinner than those of usual photodiodes. The homogeneity of the wafer thickness is also better. These
are also good performance to detect photons above 10
keV. In this work, these detectors, Hamamatsu Photonics S5377 type, were used to measure photon flux.
Experimental
Their wafers thicknesses are 300 /jm. The photosensitive area size is 28x28 mm. They were placed in an
aluminum box that has a 40-jim-thick beryllium window. The diodes were connected to an electrometer
(Keithley 487). In front of the aluminum box, a parallel plate free-air ionization chamber was placed, that
was calibrated by the twin-type heat-flow total absorption microcalorimeter2).
To monitor the presence of higher harmonics from the
monochromator, a 50-/im-thick Kapton foil was placed
in a vacuum chamber, which was placed in front of
the ionization chamber. Compton scattering photon
spectra3' were measured at 90 degrees using a HP-Ge
detector. The monochromator was controlled to reduce the contributions from higher harmonics to below
0.3%. X-ray was defined by slits placed in front of the
vacuum chamber. Usually 2- or 5-mm diameter X-rays
was used and the incident beam was normal to diodes.
The photocurrent was also calculated assuming that it
is proportional to the energy deposition in total thickness of silicon wafers. Absorption in the front oxide
dead layer was neglected in this calculation. Then the
photocurrent per one incident photon was calculated
as follows;
/ = 1.60 x 10~19 • k • / • W - l

(1)

where
I: Photocurrent per one incident photon (A)
k: Photon energy (eV)
f: Energy fraction deposited in silicon
W: Mean energy required to produce one hole-electron
pair in silicon by electrons (eV)
3.68±0.02 eV at 300 K
Energy fraction (f) was calculated using EGS44) Monte
Carlo code. Both measured and calculated photocurrents are listed in Table 1.
Table 1. Measured and Calculated Photocurrent0
per Incident Photon
Photon Energy Measured Photocurrent
Cal.6
c
keV
fC per photon
fC per photon
7
0.306±0.001<*
0.304
10
0.393±0.003
0.391
15
0.326±0.003
0.323
20
0.216±0.001
0.216
30
0.101±0.0003
0.102
40
0.0570±0.00005
0.0570
a: Hamamatsu Photonics S5377. Wafer thickness is
300
b: Calculated using equation 1. Energy deposition in
silicon was calculated using EGS44) Monte Carlo code
c: Measured photocurrent per one incident photon on
diodes when 2 and 5-mm-diameter beams incident in
the center
d: The uncertainty in the table denotes the standard
deviation between four measurements using two samples and two slits.
Summary
The measured photocurrent is in good agreement with
calculated one within 1 %. The sensitivity is in proportional to the energy fraction deposited in silicon-wafer,
not in depletion layer both in biased and unbiased operation.
References
1) S. Ban et al., J. Nucl. Sci. Technol. 31, 163 (1994).
2) H. Nakashima et al., Nucl. Instrum. Meth. A 365,
553 (1995).
3) Y. Namito et al, Phys Rev. A 51, 3036 (1995).
4) W. R. Nelson, H. Hirayama and D. W. O. Rogers,
SLAC-265 (1985).
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Introduction
Grown-in microdefects in Czochralski(CZ) grown silicon
crystals have been studied by using high energy synchrotron
radiation diffraction topography.
In this report, in-situ
annealing effects on the microdefecis are described.

Growth rate (mm/min)
0.9
0.2
0.9

Experimental
Specimens observed were silicon plates, about 3mm in
thickness, with the [110] surface orientation perpendicular
to the growth direction [001], cut longitudinally from a
crystal ingot which was pulled first at a growth rate of
0.9inm/min, then in-situ annealed with a growth rate of
0.2 mm/min for 30 min, and then pulled again with the
initial growth rate.
Synchrotron radiation topographic
observation was performed at the vertical wigger beam
line, BL-14C, with 60 keV high energy x-rays
monochromalized by using a Si (220) monochromator
cut asymmetrically. Section and traverse topographs were
recorded on nuclear photoplates using the Lang method.
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Fig. 1. Longitudinal
microdefects.
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Results and Discussion
Microdefects were clearly observed in section topographs
taken with 6 5 ) reflection. Figure 1 shows a longitudinal
(growth direction) distribution of the microdefectsdensity.
In-situ annealing effect can be seen as a increase in the
density of the microdefects around the slow growth rate
region. There was a decrease in the density of the
microdefects near the surface of the crystal ingot as shown
in a radial distribution of the microdefects density (Fig.
2). The dotted line in the Fig. 2 is the best-fitted error
function which is suppose to describe the decrease of the
density due to
the out-diffusion
mechanism.
Experimentally obtained diffusion length, 16mm, is much
larger than the value calculted using the available diffusion
constants of the intrinsic point defects in silicon crystals.
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Fig. 2. Radial distribution of the density of the microdefects.
The dotted line is the best-fitted error function to the
experimental data (solid line).
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Introduction
Grown-in microdefects in a slowly pulled Czochralski(CZ)
grown silicon crystal have been studied by using high
energy synchrotron radiation diffraction topography.
Density, sizes, sign, symmetry
of the defects and
distribution of the defects in a crystal was determined.12>
In this report, effects of a heat-treatments on the
microdefects are described.

O as-grown 1
—-saw— 4 hours
1
—S--4+12 hours 1
200

o
X

I

Experimental

\
-

150
100

50 '-

on
Specimens observed were silicon plates, about 5mm
in thickness,
with
the [100] surface orientation
perpendicular to the growth direction [001], cut from
a crystal ingot pulled at a growth rate, 0.4mm/min.
Specimens were anncled at 1200°C for 4 hours and 12
hours successively in dry-oxygen or nitrogen ambient.
Synchrotron radiation topographic observation was
performed for two specimens annealed in the two different
ambients, at three stages, that is, as-grown, 1200°C for
4 hours, and 1200°C for 4+12 hours. The topography
experiments were carried out at the vertical wigger beam
line, BL14C, with 60 keV high energy x-rays
monochromatized by using a Si (220) monochromator
cut asymmetrically. Section and traverse topographs were
recorded on nuclear photoplates using the Lang method.
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Fig. 1. Radial distribution of the size of the microdefects
in the same specimen at three states, as-grown, annealed
at 1200°C for 4 hours, and at 1200°C for 4+12 hours in
O2 ambient.
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Results and Discussion
0

Figure 1 and 2 show size and density distributions of the
microdefects in the specimens annealed in the dry O2
ambient, respectively.
The increase of the size of the
microdefects was observed for the microdefects at positions
4-6 cm apart from the central axis of the crystal. Increase
of the density of the micredefecls occurs at the central
part of the sample. There was not clear changes between
the microdefects in the sample annealed in the N2 ambient
and those in the as-grown stale.
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Fig. 2. Radial distribution of the density of the
microdefects in the same specimen at the three states,
as-grown, annealed at 1200°C for 4 hours, and at 1200°C
for 4+12 hours in O 2 ambient.
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Introduction
The existence of H in silicon grown by floating
zone (FZ) method in a hydrogen atmosphere has
been revealed by infrared absorption spectrum.15
It has been reported that hydrogen is located at a
bond center site, BC, in Boron doped p-type Si,
while it is believed to be located at a tetrahedral
interstitial site, Td, in phosphor doped n-type Si.2)
In this letter we outline a study of hydrogen
precipitates in Si by the static Debye-Waller
factor (SDWF) method.3) We have provided
evidence that H in BC sites or B-H-Si complexes
will be mobile and less stable than that in Td sites
under thermal activation.

the two-type Si, i.e., the H complex in p-type Si
contains strains larger than that in n-type Si. First
of all H in p-type Si is less stable and mobile,
compared with that in n-type Si. In fact, a
portion of H has aggregated to form precipitates
in the growth stage of p-type Si. Secondly, the
dissociation of Si-H-Si or B-H-Si complexes in
p-type Si will relieve a portion of strains, this will
compete with the increase of strains produced by
hydrogen precipitates. The resultant strains in ptype Si will be smaller than that in n-type Si
under same size and density of hydrogen
precipitates formed in annealing. Within a H2
molecule cluster model which we proposed for a
precipitate, the size and density of hydrogen
precipitates have been determined using SDWF
and the results of IR absorption spectrum
measurement.4'

Experiment
n-type Si and p-type Si were used. The hydrogen
content was about lxl0 17 cm'\ oxygen about
lxlO16 and carbon less than lxlO16. 5 mm thick
polished wafers were undergone isochronal
annealing in a N2 atmosphere (kept 20 min). The
x-ray experiment was performed at 14C Station
of the Photon Factory of the National
Laboratory
for
High
Energy
Physics.
Monochromatic radiations of wavelength 0.2A
were accepted. Section topographs were taken
on the nuclear plate(Ilford L4) with 6 6 0 and 10
10 0 reflections, respectively.

Table I. SDW parameters. 1^. of FZ c-Si:H
Sample annealing temperature(°C)
n-1
as grown
n-4
377
n-5
417
n-6
465
p-1
as grown
p-5
417
p-6
450
p-7
476

Results and discussion
Table I summarizes a portion of the SDW
parameters obtained through the simulations of
the pendellosung fringes in the section
topographs of 660 reflection. It is surprising that
the variation of the SDW parameter, Lh, of ptype samples with increasing annealing
temperatures, is less pronounced compared with
that of n-type sample, although remarkable
hydrogen precipitates have appeared on the
topographs. We have explained the above
phenomena by the different initial sites between

Lh
0.1869
0.1929
0.2550
0.2694
0.1977
0.1958
0.2033
0.2147
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Introduction
A fluorescent scanning (FS) x-ray
computed tomography (CT) is being
developed to detect non-radioactive contrast
materials in living specimens[l-3]. A new
type of FS x-ray CT with fan collimator have
developed and experimental results of this
system are reported.
Method
The FS x-ray CT consists of a silico;
(111) double monochromator, an x-ray
shutter, an x-ray slit and a fan collimator for
detection, a scanning table for the target organ
and an x-ray detector with highly purified
germanium. The experiment was carried out at
the bending magnet beam line of BLNE-5A of
the Tristan accumulation ring in KEK. The xray energy was set at 37 keV. The
monochromatic x-ray beam was collimated
into 1 x 1 mm 2 (horizontal and vertical,
respectively) using an x-ray slit system. The
data acquisition time was 20 s at each
scanning point. A FS x-ray CT was obtained
by line scanning perpendicular to incident xray beam and rotation of a phantom filled with
the iodine contrast material. The size of acrylic
rounded phantom is 20 mm in diameter with a
5-mm & 4-mm-diameter hole filled with
iodine contrast material ( 500 (ig/ml,
200(Xg/ml, 100ng/ml, 50|ig/ml). CT image
was reconstructed by a filtered back projection
method.

References
l.TakedaT, et al. Med. Imag. Tech. 12:537-538. 1994
2.Takeda T, et al. Rev. Sci. Instrum. 66:1471-1473,
1995
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Fig.l FS x-ray CT image with fan collimator

Results and discussions
The spectrum of K a and K

x-rays, and Compton scatterings could be
observed separately. Using the counts of K a
fluorescent x-rays, a clear FS x-ray CT image
of a phantom was obtained at excited iodine
content of 50 - 500 ng (Fig. I). The system is
being developed to detect non-radioactive
contrast materials in living specimens, as is
now performed in radionuclide examinations
with single photon emission computed
tomography using less than 100 ng radioactive
tracer. Thus, FS x-ray CT is thought to be
used to detect contrast material at low
concentration and to delineate its distribution
clearly.

fluorescent
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3.Results and discussions

1. Introduction
The two-dimensional coronary
angiographic system(2D-CAG system) with
synchrotron radiation(SR) has been developed
in Japan. The results of animal experiments
and human studies have revealed various
problems of intravenous CAG with SR, such
as the overlap of the coronary artery on cardiac
chambers and other vessels, and the dilution of
contrast material[l]. In this study, we
employed 2D-CAG in combination with the
aortographic injection of contrast material to
assess the diagnostic possibility of the
coronary arterial structures in dogs.

The coronary arteries such as left anterior
descending, left circumferential, right coronary
arteries could be imaged clearly without
significant overlap of coronary arteries(Fig. 1).
In the previous experiment, aortic
regurgitation disturb the detail diagnosis of
coronary arteries[3], but in this experiment,
aortographic CAG provides clear images of the
coronary arteries. And the overlap between left
main trunk and aorta was easily eliminated by
changing the object angle. Aortographic CAG
was thought to be most useful method to
diagnose the coronary artery safely.

2.Methods and Materials
2D-CAG 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, avalanche-type
pickup tube camera, x-ray shutter, image
acquisition system and workstation[2]. 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 detected by the avalanche-type
pick-up tube camera. The x-ray TV images
were digitized in a 512 x 512 pixel matrix with
a 12-bit depth using a 12-bit analog-to-digital
converter. All images were stored as digitized
images. A workstation (Hewlett Packard
715/33) was used for image processing and
control of the image acquisition system.
The image acquisition time of each frame
was set 16.7 msec because the insufficient xray flux and brightness of this TV camera.
Dogs were anesthetized. A 5F 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.
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Fig.l. Coronary arterial images obtained by
aortographic 2D-CAG
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Introduction
The quasicrystal that is identified to have the icosahedral
symmetry and quasiperiodicity from their diffraction
patterns was first reported as a metastable phase in a
rapidly solidified Al-Mn alloy [1]. Since then many
experimental studies have been devoted to clarify the
atomic arrangements of quasicrystals. Many issues,
however, have not been solved yet. Atomic arrangements
of F-type quasicrystalline alloys are not well known
although for P-type quasicrystals there are good structure
models that consist of Mackay's icosahedral clusters
located along the 3D quasilattice which is generated by
projection of a 6D simple cubic lattice. It is not easy
work to determine a structure of a quasicrystal because any
crystallographical method on the basis of the periodicity of
crystals cannot be applied to the quasi-periodic system.

along two-fold axis in perpendicular space, which is a
complementary space for a physical space. Shape of
occupied domains of even and odd vertex, and body center
(BC) sites in hyper space were clearly observed. Figure 3
(b) is Ru environmental Patterson function for the same
orientation. These results suggest there are atoms in 6D
Odd-Body center site.
These rusults support qualitively the models of F-type
quasicrytals [2] which consist of two types of the
Mackay's icosahedral clusters.
References
[1] D.Schetman, I.BIech, D.Gratias and J.W.Cahn,
Phys.Rev.Lett., 53 (1984) 1951.
[2] Y.Watanabe, T.Ohata, O.Tsuda, S.Nanao, H.Kawata
and M. Ando, Photon Factory Activity Report #9 (1991)
246.

In this study we evaluated a differential structure factor
and six-dimensional Patterson function of the
environmental structure of Ru atoms in a Al-Cu-Ru alloy
using X-ray anomalous scattering (XAS).

Fig. 1 Al-Cu-Ru
single-quasicrystal.
1000

Experimental
A master alloy of nominal compositions of Al-Cu-Ru
was prepared by arc melting the pure elements. After
casting, the alloy was slow cooled (6K/h) from 1323K
during 33.3hours in a BN crucible. Obtained singlequasicrystal specimen has regular dodecahedra facets. A
large single crystal was about 1 mm in diameter.
Figure 1 shows the dodecahedron facets of the singlequasicrystal. A spherical single-quasicrystal specimen
with 0.3mm diameter was used for the diffraction
measurement.
The diffraction intensity was measured at BL-14C with a
conventional four-circle diffractometer for the incident
beams of 21.769 keV and 22.069 keV, which were 350 eV
and 50 eV below the K absorption edge of Ru,
respectively.
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Fig. 2 (a) the X-ray diffraction profile for the lower
and the higher energy, (b) the differential intensity
between the diffraction profiles of the two energies.

Results and discussion
Figure 2 (a) shows the diffraction profile for the lower and
the higher energy, and Figure 2 (b) shows the differential
intensity between the diffraction profiles of the two
energies. The similarity of those profiles suggests that
the average environment of Ru atom is similar to those of
the other elements.
Six-dimensional Patterson function related with electron
density in the three-dimensional physical space was given
by Fourie transformation of diffraction intensities. Figure
3 (a) is one-dimensional section of total Patterson function
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r[A]

Fig. 3 (a) one-dimensional section of total Patterson
function (b) Ru environmental Patterson function
along two-fold axis in perpendicular space.
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at around 5.6 GPa. The complex molecules can
not move easily at high pressure as the molecular
size of Pt(bqd)2 is large. Thus, the low and high
pressure phases of the complex coexisted above
1.7 GPa. The intensity of the new peak decreased
with decreasing pressure. The new line
disappeared when pressure is reduced to the
normal pressure.
Reference
1) I. Shirotani, A. Kawamura, K. Suzuki,
W. Utsumi and T. Yagi, Bull. Chem. Soc. Jpn.,
64,1607(1991).
2) Von I. Leichert and J. Weiss, Acta Crystallogr.,
B31, 2877(1975).

Introduction
Pressure-induced electrical and optical
anomalies in bis(l,2-benzoquinonedioximato)platinum(II), Pt(bqd)2, are observed at around 1.7
GPa. The resistivity of the complex rapidly
decreases with pressure up to about 1.7 GPa, and
then increases drastically up to 6 GPa. The new
pressure-induced absorption band appears at
around 660 nm above 1.3 GPa.1) However, The
crystal structure of Pt(bqd)2 has not been studied
at high pressure. An X-ray beam of synchrotron
radiation is quite suitable for X-ray study of
organic compounds at high pressure because of
such excellent characteristics as brightness, a
small divergence, and a constant energy. Using
synchrotron radiation we have studied the powder
X-ray diffraction of Pt(bqd)2 up to 6.5 GPa at room
temperature and have observed the structural
anomaly at around 1.7 GPa.
Experimental
The cubic-anvil type high pressure apparatus
called MAX80 was used for the X-ray study at
room temperature and high pressures. The powder
X-ray diffraction patterns of Pt(bqd) 2 were
recorded at 20=2, 3 and 5° with an energy
dispersive method.
Results and Discussion
Pt(bqd)2 is isostructural with the structure of
a-Pd(bqd)2 which is orthorhombic, space group
Imcb.2) We have studied the powder X-ray
diffraction of Pt(bqd) 2 with Cu-Ka radiation
source at normal pressure, and obtained the lattice
constants with a=20.631 ± 0.003 A, b=9.746 ±
0.001 A, c=6.355 ± 0.001 A. Figure 1 shows
energy dispersive X-ray diffraction patterns of
Pt(bqd)2 at 26=2° under various pressures. Two
strong diffraction lines, (200) and (110), of the
complex were observed in the low energy region.
A new diffraction line began to appear between
both lines above ca. 1.7 GPa. The new peak
remarkably grew with increasing pressure and was
clearly observed at around 3.5 GPa. The relative
intensity of the new and (200) lines was reversed
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Figure 1 Energy dispersive X-ray diffraction
patterns at 29=2° of Pt(bqd)2 at high pressure.
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Introduction
Since the discovery of quasicrystals in 1984, there have
been a number of investigations on their atomic
arrangements and physical properties. However, only a
few studies have been reported on the effect of high
pressure on the stability of a quasicrystalline phase. In
particular, there have been no reports on insitu X-ray
diffraction experiments under both a high temperature
and high pressure. In this study, P-V and P-V-T relations
of an icosahedral Al-Cu-Ru quasicrystalline alloy, which
was known to be thermodynamically stable up to the
melting point at atmosphic pressure, were measured by a
powder X-ray diffraction technique under hydrostatic
pressure.

melting point under 6 GPa.
A volume compression curve is shown in Fig. 1. From
the data at room temperature, the isothermal bulk
modulus {KT =-V(dP/dV)T)
was calculated to be 128
± 5 GPa and its pressure derivative was calculated to be
5.5 ± 2 . The bulk modulus is somewhat close to 150 GPa
reported previously[2]. This difference in the bulk
modulus of the two experiments comes from the
difference in the experimental region of pressure. The
temperature derivative of the isothermal bulk modulus
((dKT/dT),.) was calculated to be -0.058 GPa/K from
the volume compression data at high temperatures, the
isothermal bulk modulus and the pressure derivative at
room temperature. Fig.l shows that the equation of state
represents well the experimental P-V-T relation of the
icosahedral Al-Cu-Ru quasicrystals in the experimental PT region.

Experimental
The icosahedral Al-Cu-Ru quasicrystalline alloys of a
single phase were prepared by melting high-purity metals
in an arc furnace under an argon atmosphere. The
experiments were carried out using the cubic-anvil press
(MAX90) with a DIA-6 apparatus at BL-14C. For the
experiment under room temperature, the powder
specimen was embedded in a teflon capsule with a
methanol/ethanol pressure transmitting medium. For the
experiments under high temperatures, the sample powder
was placed in a tube of a graphite heater, which was in a
h-BN chamber. Energy dispersive X-ray diffraction was
measured at fixed 29 (5 and 9 degrees) with a SSD. The
pressure was determined by a lattice prameter of NaCl
which was placed in the same capsule or the same
chamber as the sample was placed in, and the temperature
was measured by a R-thermocouple whose hot junction
was placed in the center of the sample chamber. The
samples were pressed up to 6 GPa and heated up to
1100*0.
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The compression curve under room temperature was
made from the d-values of a (442002) peak. Isothermal
bulk modulus was calculated by fitting Birch-Mumaghan
equation of state[l] to the compression curve. P-V-T
relations were calculated by fitting high temperature
Birch-Mumaghan equation of state to the data at high
temperatures with the isothermal bulk modulus and its
pressure derivation at room temperature fixed.

O.97S

0.970

0.96S
0.960
0.9 5 S

Results and Discussion
In the analysis of the X-ray diffracion patterns, no new
phases were detected in all the pressure and temperature
range. The icosahedral Al-Cu-Ru phase is stable up to its

0.950
3
4
Pressure (GPa)

Fig. 1. A volume compression curve
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The effects of alcohol on the thermotropic
properties of saturated phosphatidylcholine (PC)
have been studied extensively. There is a
biphasic effect of alcohol concentration on the
main transition of the PC molecules (PC's). At
low concentration, there is a monotonous
decrease of the main transition temperature with
increasing alcohol concentration and then, the
ripple phase is depressed. At high concentration,
the transition temperature increases conversely
and alcohol induces the interdigitated structure
below the liquid crystalline phase. The alcohol
concentration where the transition line makes
minimum decreases systematically with carbon
number of the PC's [1] and carbon number of
alcohol molecules [2]. The interdigitated structure
does not appear in the pure PC's, since the
hydrophobic hydrocarbon-chains are forced to
face water. In order to make clear the structure,
we investigated the relationship between the
membrane thickness and the length of alcohol
molecules in the interdigitated gel phase by X-ray
diffraction.
The small-angle X-ray diffraction patterns of
PC-alcohol systems for methanol, ethanol and 1propanol were recorded at the temperature of the
interdigitated gel phase with lipid concentration
of 4 mg per 10 mg solution. The higher-order
lamellar reflections up to the fifth order were
observed. The electron density profile of PCalcohol system was generated from the
diffraction pattern. The phase angle of each
structure amplitude should be 0 or TC for a onedimensional electron density profile in a
centrosymmetric system like lipid bilayers. We
adopted one set of combination, (TC, TC 0) for the
first to the third order reflections, which is
identical with those reported previously for

DPPC-ethanol system in the interdigitated gel
phase [3]. The phases of the fourth and the fifth
orders (TC, TC) were determined so as to give the
flat profile around the portion of the
hydrocarbon-chains region. It should be pointed
out that, for the further detailed analysis, the
maximum entropy method is useful and
however, owing to the existence of a broad
background in X-ray diffraction patterns the
method was not applicable to the present
analyses.
The membrane thickness depends on the sum
of carbon number of PC-alcohol systems. One
hydrocarbon-chain unit corresponds to about 0.1
nm. The above value of about 0.1 nm per one
hydrocarbon-chain unit practically is the length of
C-C bond in the hydrocarbon-chain.
It is concluded that alcohol molecules sit the
hollows surrounded by the headgroups of PC's
and do not interact specifically with the other
parts of the headgroup, furthermore the
hydrocarbon-chains sit facing each other (see
Fig. 1).

Fig. 1 Schematic model of interdigitated structure
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Introduction
A skeletal muscle fiber contracts even in the
absence of Ca2+ at low concentrations of MgATP.
Binding of nucleotide-free myosin heads (and
active heads) to the thin filament is considered to
allow other active heads to bind to neighboring
actin molecules and develop force0. In such a
contraction, myosin heads should be different in
chemical state and in conformation from those of
normal contraction in the presence of Ca2+. To
investigate the states of myosin heads, we
performed the present X-ray diffraction study.

increased and reached a maximum at 0.63 uM
MgATP. The maximum tension was 60% of the
maximum Ca2+-activated tension. With a further
increase in MgATP, tension decreased, and the
fiber finally relaxed at a MgATP concentration
above 10 f*M.
The features of the diffraction pattern were
mainly those specific to rigor up to 0.63 uM
MgATP.
While maintaining the equatorial
intensity ratio (Ii,i/Ii,o) similar to the rigor value,
the (1,0) lattice spacing decreased from 39.0 nm at
rigor to 37.7 nm at 0.63 uM MgATP. The lateral
intensity distribution along the 5.9-nm actin
layer-line showed a shift of intensity away from the
meridian as the MgATP concentration was raised
from rigor condition, and the distribution was
similar to that in the relaxed state at 0.63 uM
MgATP.
The results suggested that the intensity
distribution of the 5.9-nm actin layer line is not a
direct consequence of the formation of rigor
cross-bridges. It is possible that the presence of
active cross-bridges or the high tension prevents
transition of cross-bridges from taking the standard
rigor cross-bridge structure.

Materials and Methods
A single muscle fiber from sartorius muscle of a
bull frog Rana catesbeiana was used. The fiber
was isolated in 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 ^m were selected.
Experiments were conducted at the beam line
15A as described in Yagi et al2). Exposure time
was 30 sec. To reduce the variation in the
intensity measurements, care was taken to use the
same plate in all exposures and to keep the interval
constant between the exposure and scanning.
MgATP concentration is regulated by buffering
Mg2+ concentration by EDTA in the presence of
high concentration (1 mM) of ATP.

References
l)Bremel, R.d. & Weber, A. (1972) Nature New
Biol. 238, 97-101.
2)Yagi,N., Takemori,S. & Watanabe,M. (1993) In
Mechanism of Myqfilament Sliding in Muscle
(Sugi & Pollack eds) pp.423-432, Plenum Pub.
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Results and Discussion
Starting from rigor condition, we increased
MgATP concentration of the incubating solution in
sequence. With an increase in MgATP, tension
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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. Previously, the
retina fixed by glutaraldehyde was used, because this
tissue disintegrated within 1 hour of dissection. 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 plate 0 . 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 minor symmetries of the
microvillar cross-section are lost by changing the
ionic composition of artificial seawater. Thus, we
continued the experiment to account for which
component of the artificial seawater causes this
change.

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-lSAl'*'. 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 processor^. 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, for
several kinds of artificial seawater. Therefore, the
origin of the asymmetry in diffraction pattern could
not be disclosed. But the present study showed that
the quality of the diffraction pattern including
symmetry and the response to the light stimulation
depend strongly on the activity of squid.
References
1) T. Hamanaka et al., PF Activity Report, No.6,
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2) T. Hamanaka et al., PF Activity Report, No.7,
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3) T. Hamanaka et al., PF Activity Report, No.ll,
334 (1993)
4) Y. Amemiya et al., Nucl. Instrum. Methods, 208,
471 (1983)
5) Y. Amemiya et al., Nucl. Instrum. Methods, A266,
645 (1988)

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 report0. The artificial seawater containing
D-glucose was oxygenated and gently circulated
through the sample chamber during the experiment.
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Introduction
X-ray intensity changes caused
by muscle
contraction
suggest
that conformational changes of
contractile molecules and the
movement of them are induced in
advance to tension development.
In fact, time resolved X-ray
diffraction
studies have been
shown that the 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.

twitches more than 3 times.
The
time courses of the meridional Xray intensity changes (14.3 nm &
21.5 nm) were also measured with
a 5 ms time resolution under the
same condition. The time needed
to peaks of the 14.3 nm intensity
change in response to successive
twitches (Ii) became shorter as
in the case of Ti. On the other,
the 21.5 nm intensity decreased
at the 1st twitch remained low
with no appreciable recovery of
the intensity while the twitches
continued,
suggesting
that
the
myosin
heads
once
moved
from
their resting positions at the
1st twitch never return to their
initial
positions
during
the
twitches.
Both
Ti
and
Ii
decreased,
but the difference,
Ti-Ii was fairly constant at any
twitch as seen in Fig. 1.
This
suggests
there
exists
a
time
indispensable
for
tension
development.

Materials and Methods
The experiment was done at the
beam line 15A, using a smallangle
X-ray
diffractometer.
Sartorius muscles of the bullfrog
were continuously perfused with
the Ringer solution (115 mM NaCl,
2.5 mM KC1, 1 .8 mM CaCl2, pH 7.2
at 13°C), and were stimulated by
five 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
i nterval.

Fig.1
Changes
of
Ti
and
Ii .
Difference of times (Ti-Ii) is
also added.
(o) ; 14.3 nm, (•);
1(1,1) intensity.
1UU —

Results & Discussion
Five successive twitches were
applied to the muscle. The time
needed to the peak tension after
the onset of the i-th stimulation
(Ti ) depended on the number of
twitch.
When the number of the
twitch increased, Ti decreased.
But Ti became constant at the
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Introduction
crystalloids are highly ordered crystalline materials.
The indexing of the diffraction rings and the
determination of space group was tried but yet
unsuccessful due to the large lattice spacings, as
more than 10 nm.

The firefly squid, Watasenia scintillans, emits
brilliant flashes of light from three tiny luminous
organs that are located at the tip of each of the fourth
pair of arms. The notable feature of the histology of
the brachial organs is that they contain neumerous
rodlike bodies or granules. They are 2.5-5 fmx long
and 1-3 /an thick. Microchemical analyses indicated
that they were proteinaceous material1', and susequent
electron micrographs have shown their crystalloid
identity2*. Recently, it is determined by the SDSelectrophoresis that the crystalloid consists of a 60
KDa protein. And the mesurement of fluoresence
suggests that this protein binds Luciferin molecule.
However, this crystalloid disintegrates within few
hours after the death of animals and also disolves less
than ten minutes after the extraction from the
photophore. Thus, we have tried to record the x-ray
diffraction pattern of the crystalloid by directly
irradiating a photophore at the tip of the fourth arms.
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. For
the x-ray experiment, the tip of the fourth arm was
cut out and kept in an artificial seawater chamber with
Mylar windows at 4 °C. X-ray experiments have
been performed with a mirror-monochromatpr optics
(the Muscle Diffractometer) at BL-15A1 3 '. 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 processor '. The exposure time was 5-10
minutes.

Figure 1 X-ray diffraction pattern from a
photophore at the tip of the fourth arm of firefly
squid, Watasenia scintillans. The wavelength of
the radiation was 0.15 nm. The sample to detector
distance was 1872 mm. The diffraction pattern
was recorded on the imaging plate. The exposure
time was 10 minutes. The experiment was done at
4 °C.
References
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Results
Figure 1 shows the x-ray diffraction pattern from
the photophore at the tip of the fourth arms of firefly
squid, Watasenia scintillans.
Neumorous sharp
diffraction rings observed in this figure indicates that
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displacement direction (OY) or the shear gradient direction
(OZ). During the shear process, the domain spacing of
lamellae was almost constant. However, the lamellar
normals, which were originally parallel to OY or OZ,
rotated according to the oscillatory shear strain. Namely,
the lamellar domains did not show afflne deformation,
which is in striking contrast with the deformation of the
sphere-forming block copolymer. Figure 1 shows the
SAXS profiles of the specimen subjected to a oscillatory
shear deformation with strain amplitude ym = 0.21,
angular frequency co = 0.0944 rad/s at a temperature T =
102 *C, at different strain phases, together with a model
illustrating the orientation behavior of lamellar
microdomains. As shown in the model, the major
process of the deformation involves the change of the
orientation of lamellar microdomains oriented parallel or
perpendicular to the shear direction. Transmission
electron micrographs taken before and after the shear
deformation (Figure 2) suggest that the deformation
mechanism is related to a folding process of lamellar
microdomains at the grain boundaries. This process
involves plastic nature, which is indicated by the lozengeshaped Lissajou's patterns of stress and strain, measured
simultaneously with scattering data.

Introduction
Block copolymer melts exhibiting wide variety of ordered
microdomain structures of a nanometer scale are regarded
as good model materials for complex fluids. The dynamic
response of such microdomains of block copolymers to a
flow field has been attracting much attention in these
years. In the previous studies, we showed that the bcc
lattice formed by spherical microdomains of a block
copolymer undergoes elastic and almost affine
deformation under large oscillatory shear.1*2) In order to
investigate the effect of the microdomain structure to the
deformation behavior, we conducted dynamic SAXS
measurements using a lamellar-forming block copolymer.
Experimental
The studied sample is a polystyrene-W0CJfc-poly(ethylenea/f-propylene) (SEP) copolymer having number-average
molecular weight M n = 3.2x10*. a heterogeneity index
M w /M n = 1.5 where M w is the weight-average molecular
weight, and a weight fraction of polystyrene 4>ps = 0.34.
The specimen has a lamellar microstructure as revealed by
SAXS and transmission electron microscopy. The
deformation and orientation of lamellar microdomains
under oscillatory shear were investigated by using
synchrotron-radiation dynamic small-angle X-ray
scattering (SR-DSAXS) method3) at beam line 15A of
the Photon Factory, the National Laboratory for High
Energy physics, Japan.
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Results and discussion
The large oscillatory shear deformation at a low
frequency and at a temperature much lower than the orderdisorder transition temperature (strong segregation
condition) gave a bixial orientation with the lamellar
normals preferentially oriented along either the

Y-O

u

Figure 1. SAXS profiles from a lamellar-forming SEP block
copolymer sample under oscillatory shear, at four phase angles
corresponding to y = 0, ym, 0, -ym, and models associated with
the deformation of lamellar microdomains.
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Figure 2. TEM micrographs of the specimen
before (left) and after shear (right).
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INTRODUCTION
The active side of an ion puap Bust communicate alternately vlth two opposite sides of the
aeabrane. Change of the protein conformation
linked to this switch is expected to be an essential step in the reaction. In bacteriorhodopsin,
which mediates light-driven proton transport
across the membrane, the switch Bust occur after
proton transfer toward the extracellular side but
before proton uptaken from the cytoplasmio side.
Thus the switch reaction is expected to take
place during the lifetime of the N intermediate.
It is, therefore, important problem to clarify
the structural changes around the H intermediate.
We previously reported the structural changes
during the M intermediate
in use of Arginine
treated bR(l). In the result, the significant
changes are observed around helices B and G.
Schiff Base is reprotonated from Asp88
during M to N transition. AspOB is protonated in
the unphotolyzed state, because of a hydrophobic
environment around AspOB and its high pKa. During
the transition from M to N, this pKa decreases
and causes Asp96 to deprotonate. Therefore, the
next important problem is how the pKa of Asp96 is
controlled.
Now, in order to clarify this molecular
nechanisa, we revealed the structural changes at
the N intermediate with Phel71 -> Cys mutant bR
by X-ray diffraction. This mutation prolongs the
life time of the N interaediate. In the result,
the difference electron density nap we obtained
almost resembles that of the M interaediate, but
slightly different.
EXPERIMENTAL
The PM was purified from H. cali/iariiia
according to a standard aethod. The PM with F171C
were suspended in 10 aH HOPS, pH 7. A 100 0 1-drop
of the suspension (10 OD) was dried on a piece of
Mylar sheet, and was incubated at 20 *C at a
relative huaidlty of 99 X for 2 days. The N
intermediate was produced by irradiating with red

s.i
3 (-lilnO/A) (A1)

Fig 1 X-ray diffraction profiles froa PH
in trans-bR (solid-) and N (dashed-line).

light (2 > 000 na) at 5 'C. X-ray diffraction
profiles were recorded with the MUSCLE diffractometer installed at BL-15A.
RESULT AND DISCUSSION
Fig 1 shows that the X-ray diffraction
profiles froa the trans-bR (solid line) and the
N interaediate (dashed line). The profile obtained with illumination (dashed line) is slightly shifted toward righthand side for better
comparison. It is clearly found that snail but
significant changes are observed. From the X-ray
diffraction amplitudes and the results of the
electron diffraction data (2), the difference
electron density nap was calculated (Fig 2a). Fig
2b indicates the difference electron density map
for the M interaediate previously reported(l).
Saall differences can be seen by the comparison
of the both map. The aost proainent peaks are
seen
around helices B and O in Fig 2b, while
around helices F and Q in Fig 2a. Using difference Fourier Transform Infrared spectroscopy, it
is previously suggested that some structural
changes were happened in the N interaediate
around the carbonyl group of Tyr 185 in helix
F(3). The result we present here support this
suggestion.
In Fig 2a, we can also find a pair of
positive and negative peaks in the vicinity of
the helix F. This changes suggest the movement of
this helix away froa the proton channel. Such a
movement would cause increased hydration on the
cytoplasmlc region of the protein, and enable
widening of the proton channel.

Fig 2 Difference eleotron density aap.
(a) N - trans-bR (b) H - trans-bR
Thick contours indioate the positive
density ohanges, and thin contours
the negative changes.
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activation, in agreement with the previous
results3'. On the other hand, the intensity ratio
recorded in the first shortening was not different
from that during isometric contraction, in spite of
higher velocity. These results for shortening at
submaximal activation are most readily explained
by the following mechanism: 1) In the first
shortening, the number of strongly bound myosin
cross-bridges is gradually reduced. 2) The reduced
number of strongly bound cross-bridges decreases
the activation level further, facilitating an
increase of the intensity ratio. 3) The shortening
velocity decreases, because the load is held
constant in spite of the reduced activation level.

Introduction
The intensity ratio of the two equatorial X-ray
reflections of skeletal muscle (Ii,o/Ii,i) is 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 is sensitive to calcium
levels1*, but not to isotonic shortening velocity
when the muscle is fully activated2'. We have
shown that the intensity ratio becomes more
sensitive to isotonic shortening velocity when the
muscle is submaximally activated3', i.e., during
shortening, the ratio increased toward the resting
value. Another interesting phenomenon observed
during isotonic shortening at
submaximal
activation is that the initial fast phase of
shortening is followed by a phase of slower
shortening4). To explore the mechanism of this
biphasic
shortening,
further
time-resolved
measurements were carried out on the I^o/Ii.i
intensity ratio.
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Materials and Methods
Bundles of skinned rabbit psoas fibers were
mounted, activated and allowed to shorten at a
light load (< 10% P o ) in the beam path as
described3', but the experiments were carried out at
20*C. To obtain enough counting statistics, a
multiple-release protocol was employed5', i.e.,
shortenings were repeated in a single contraction
by a regular intervention by quick restretches to
the original length (every 20 or 40 ms).

b

Results and Discussion
At full activation, we were able to repeat
shortening reproducibly in a single contraction.
Consistent with the previous results3', the
intensity ratio (l\fi/l\,i) during shortening was
greater than the isometric value, and the increase
accounted for ~6% of the change observed upon
activation. At submaximal activation (50% of full
active force was generated), the velocity decreased
in a biphasic manner in the first shortening, as has
been described4*. From the second shortening on,
however, only the slow phase of shortening was
observed. The short en ing-induced increase of the
intensity ratio for the second shortening and later
accounted for - 2 7 % of the change observed upon

Fig. 1. Equatorial intensity ratio (Ii > 0 /I u ) at full
(a) and submaximal (b) activation levels.
Normalized to the isometric level. From left to
right, values for resting; isometric; first
shortening; and second shortening and later.
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p a t t e r n s from an ABRM after subtraction of the
The s m a l l - a n g l e X-ray p a t t e r n from t h e a n t e background. The new reflections described above
r i o r b y s s u s r e t r a c t o r m u s c l e (ABRM) of M y t i l u s
are indicated by small arrows. Comparing the Xedulis in the i s o m e t r i c a l l y - c o n t r a c t i n g s t a t e
ray patterns in the resting (R) and contracting
partly shows an appearence of a l a d d e r - l i k e a r (C) states, some layer line reflections from the
rangement of layer l i n e s which resembles to a
thin filaments are changed in i n t e n s i t y during
part of the rigor pattern '. That i s , new r e contraction in parts near the meridian: the 51 A,
f l e c t i o n s appear under the 59A thin filament
and 388 A layer l i n e s become strong, and 59 A
r e f l e c t i o n , close to the meridian, and at axial
layer line becomes weak. A very weak reflection
positions which are approximately orders of 779 A
seems to newly appear in a part of the 195 A
repeat of the thin filament. Those r e f l e c t i o n s
layer line which i s close to the meridian.
are weak, but definitely observed at the plateau
The i n t e n s i t y changes which occur close to
of tension. Here, those r e f l e c t i o n s are easily
the meridian are diagrammed in Fig. 2 by arrays
observed by subtraction of the background difof small circles. The layer lines are indexed to
f u s e - s c a t t e r i n g from the small-angle X-ray pata 28/13 genetic left-handed a c t i n h e l i x . The
tern, and related to i n t e n s i t y changes of other
pattern shown by the arrays of small c i r c l e s i s
layer lines from the thin filaments.
similar to the X-ray pattern in the rigor state,
Small-angle X-ray patterns from the ABRM in
and may suggest cross-bridge labelling of actin
the resting, and isometrically-contracting states
in some steps of an ATPase cycle. The intensity
were taken from the same part of an ABRM at a
decrease in 59 A layer line may probably be
fixed camera length of 220 cm. The patterns were
caused by phase difference between the contriburecorded on imaging plates using a point-focusing
tions from actin and the cross-bridge.
camera at BL-15A. The ABRM was stimulated by
1) Y. Tajima, K. Wakabayashi, and Y. Amemiya, In
strong acetylcholine solution (10~ M), and,
Synchrotron Radiation in the Biosciences (ed. B.
after the end of s t i m u l a t i o n , tonic tension was
Chance et al.) Oxford Univerdity Press 509(1994).
M serotonin. The patterns in
relaxed by 2.5x10
the contracting,
and
resting
1'ig
s t a t e s are respectively r e corded at the
plateau of tension, and after
r e l a x a t i o n of
tonic tension by
13 s X-ray exposure.
The background intensity
was sampled at
radial intervals
which were equal
to 1/10 of the
a x i a l distance
of the meridional 145 A r e f l e c t i o n from
the thick f i l a ments, and at
azimuthal intervals of 2.5 de15
grees, and in13
terpolated by a
11
ao oo oooooooooOOO0OOOOOOOOO
cubic
spline
0000000006
©ooooooooo
function of two
6
Fig. 2
variables.
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shows gray scale
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HYDROCARBON CHAIN-LENGTH DEPENDENCE ON THE FORMATION OF THE LONG RIPPLE
STRUCTURE IN PHOSPHATIDYLCHOUNE-CHOLESTEROL MULTIBILAYER VESICLES.
Sinzi MATUOKA and Morio AKIYAMA
Department of Physics, School of Medicine, Sapporo Medical University, Sapporo, Hokkaido 060

myristoyl chains are plotted against normalized
chain-length difference ( A C/CL) which was first
introduced by Mason et al.1', where AC= |ni-ri2+1.5|
and CL is chain length. It has been reported that the
magnitude of
the chain-terminal perturbations
increases at higher values of A C/CL2). From Fig.l
there is a tendency for the values of the A T to
increase with A C/CL suggesting that the chainterminal perturbation stabilizes the long ripple structure.

Introduction
In fully hydrated Phosphatidylcholine multibilayers
it has been reported the phase sequence of L c, L/s- ,
?$• and La from low to high temperature. The
hydrocarbon chain melting takes place at the main
transition between the P/S' and the La phase. The
P/s- phase is characterized by undulated bilayer
structure called ripple, whereas in the La flat bilayer
structure occurs . Previously we reported that the
long ripple structure is produced between the P#*
phase and the L« phase in dimyristoylphosphatidylcholine (DMPC) with 1 - 4 mol % cholesterol content. In DSC measurement a shoulder that
corresponds to the transition between the normal
ripple structure (TV ) and the long ripple structure is
observed at about 0 . 3 t lower temperature than the
main transition temperature. In this study we will
report hydrocarbon chain-length dependence on
appearance of
the
long ripple structure in
phosphatidylcholine-cholesterol multibilayer vesicles.

References
1) J.T.Mason, C.Huang and R.L.Biltonen, Biochem
istry 2Q 6086 (1981) .
2)T.Bultmann, H.Lin, Z. Wang and CHuang,
Biochemistry 3_Q 7194 (1991).
Tabel 1

m

ni

Experimental
Phosphatidylcholines (PCs) measured in this study
is summarized in Table 1 . These PCs with cholesterol were prepared by the conventional methods.
PCs 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 BL15A station.
Time resolved diffraction profiles
were recorded with a PSPC (Rigaku Denki).
Results and Discussions
In Table 1 the number of the carbons in sn-1 and
5/1-2 acyl chains of measured PCs are displayed.
These are denoted as m and m, respectively. Adding 2mol% cholesterol to some of these PCs yields
the long ripple structure below the main transition
temperature. We measured the lower temperature
limit (Ti) and the upper one (T2) for appearance of
the long ripple structure during heating run. The
temperature width between Ti and T2 is denoted as
AT, which represents stability of the long ripple
structure. The zero of A T means the long ripple
structure is not produced. These clearly show that
the long ripple structure takes place only when the
number of the carbons in either snl or snl is 14
(myristoyl). Thus, matching of cholesterol length
with myristoyl chain is related to the formation of the
long ripple structure.
In Fig.l the values of the AT of PCs with

AT

ni

m

AT
CC)

CC)

DLPC

12

12

0

C15PC

15

15

0

C13PC

13

13

0

MSPC

14

18

0.84

DMPC

14

14

0.25

DPPC

16

16

0

PMPC

16

14

1.03

SPPC

18

16

0

SMPC

18

14

1.23

PSPC

16

18

0

MPPC

14

16

0.31

DSPC

18

18

0

I<

0

0.1

0.2

0.3

0.4

AC/CL
Fig. 1 Relation between normalized chain-length
difference ( A C/CL) and stability of the long ripple
structure.
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Introduction

Results and Discussion

Proteinase A [EC 3.4.23.19] secreted by the
fungus Aspergillus niger var. macrosporus is a nonpepsin-type acid proteinase. It consists of two
polypeptide chains, a light chain of 39 residues and a
heavy chain of 173 residues.!) They are bound noncovalently to each other. Three-dimensional
structure of proteinase A is not known. From the
pH-titration analyses with various methods, it was
found that the enzyme was unfolded around a neutral
pH with the concomitant dissociation of the two
chains. The difference between midpoint pH values
of unfolding suggested the
existence of an
intermediate state during the unfolding.
In order to elucidate the unfolding profiles of
proteinase A in more detail, static and kinetic
experiments of small angle X-ray scattering (SAXS)
were performed at various pH values.

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. The Kratky plots at pH 6.0 and
6.25 showed the intermediate patterns between the
curves in the native state and in the unfolded state,
and were quite similar to the pattern in the moltenglobule state.
The Rg, value at pH 4.1 was about 25 angstrom,
and increased along with the pH values. These
values were almost in agreement with the results
analyzed by P(r) distribution function. The previous
pH-titration analyses indicated that simultaneous
deprotonation of carboxyl group and the consequent
electrostatic repulsion in the molecule might cause
the dissociation of the two chains. The results of the
Rg increases along with the unfolding confirmed this
hypothesis.
From calorimetric studies, it had been suggested
that the dissociation of two chains and the unfolding
of each chain had occurred subsequently3*. In order
to elucidate the intermediate process of unfolding
more precisely, pH-jump stopped-flow kinetics
experiments were carried out at various experimental
conditions. The analyses are now in progress.

Experimental
In static experiments, proteinase A was dissolved
at 5 mg/ml in a solution containing 50 mM buffer
and 100 mM NaCl. In kinetic experiments, the
sample solution was prepared by dissolving the
lyophilized enzyme powder in 10 mM Na acetate
(pH 4.5) at 10 mg/ml, and was mixed with the buffer
solution (0.1 M buffer/0.2 M NaCl) using the
stopped-flow apparatus (mixing ratio was 1:1). The
buffers used were Na acetate (pH 4.1), Na MES (pH
6.2, 6.5, and 6.75), and Na HEPES (pH 7.0, 7.5, and
8.0). The measurements of X-ray scattering were
performed at BL15A with a SAXS installation.
Temperature of the apparatus was kept at 35°C. The
data analyses were carried out in the similar way as
reported previously2).

References
1) K. Takahashi et al., J. Biol. Chem. 266, 19480
(1991).
2) M. Tanokura et al, PF Activity Report (1994).
3) H. Fukada et al., Thermochim. Ada 267, 373
(1995).
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AN X-RAY DIFFRACTION STUDY ON A SINGLE SKINNED FROG MUSCLE FIBER:
EFFECTS OF ADP ON THE STRUCTURE OF RIGOR CROSS-BRIDGES
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Introduction
Since ADP is a product of the ATPase reaction, its
binding to a rigor cross-bridge may cause a
structural change which is of physiological
importance. Therefore, we studied the effects of
ADP on the structure and arrangement of myosin
heads.

third-order meridional layer-line did not change
(0.038±0.06%).
The (1,0) spacing of the
hexagonal lattice of the thick filament increased
slightly (0.3±0.1%). It is not clear whether this is
due to the change in the ionic composition of the
bathing solution or the structural change of myosin
heads. When the solution was further changed to
the one containing 1 mM inorganic phosphate (Pi)
in addition to 1 mM ADP, no significant change in
the diffraction pattern was observed. When the
ADP was washed out from the fiber, the
third-order meridional intensity decreased by
24±8% but did not return to the level before the
ADP was added. On the addition of ADP, the
tension decreased by 10-20%. It showed recovery
when the ADP was washed out. These changes in
tension indicate that ATP contamination, which
would cause the development of tension, is
negligible in the present experiment. Results
obtained with the cooled-CCD X-ray detector
were consistent with the results obtained with the
imaging plates described above.
These results suggest that, upon ADP binding,
the conformation of a myosin head changes
without detaching from actin. The structural
change may involve a relative motion between
domains of the myosin head by the closure of the
cleft to which an ADP molecule binds.

Materials and Methods
A single muscle fiber from sartorius muscle of a
bull frog Rana catesbeiana 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 fim were selected.
Experiments were conducted at the beam line
15A as described in Yagi et al1}. To reduce 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. In some experiments, a cooled-CCD
X-ray detector was used to minimize the variation
in the intensity measurements.
The fiber was first washed for 20-30 min to
induce the rigor state and to remove ADP. The
ADP-rigor solution was prepared by adding 1 mM
K2ADP to the rigor solution before adjusting pH.
0.4 mM glucose and 1 units/ml hexokinase were
added to remove any contaminant ATP, and 200
uM diadenosine pentaphosphate (AP5A) was
added to inhibit myokinase.

References
l)Yagi,N., Takemori,S. & Watanabe,M. (1993) In
Mechanism of Myofilament Sliding in Muscle
(Sugi & Pollack eds) pp.423-432, Plenum Pub.
Co., New York

Results and Discussion
When a rigor fiber was soaked in a solution
containing 1 mM ADP, the intensity of the
third-order meridional reflection increased by
50±12%. The sixth-order reflection increased by
30±10%.
Other reflections did not show
significant intensity changes. The spacing of the
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filaments (Fig.la). In this case, the
samplings on the layer-lines do not coincide
with the lateral position of the equatorial
reflections.
On the other hand, the diffraction pattern
from a rat soleus muscle showed a different,
simple sampling rule. The sampling spots
are at the same lateral positions as the
equatorial reflections.
This type of
diffraction pattern was first observed from
fish skeletal muscle (Harford & Squire,
1986). The simple sampling rule suggests
that the thick filaments are rotationally
all equivalent: all filaments are "pointing"
and Mat-hods
Psoas and soleus muscles were dissected from the same direction (Fig.lb).
So far, the simple lattice structure has
male rats (9-11 weeks) and placed in a
found only in fish muscles (both fast and
specimen cell with two mylar windows. The
slow muscles). Our present finding shows
cell was filled with a rat Tyrode solution.
that a similar lattice structure exists also
The soleus muscle (ca. 30mm in length) was
in a mammalian slow muscle, giving an
held by tying a tendon at both ends while
the psoas muscle (ca. 40mm in length) was interesting insight into the evolution of
the hexagonal lattice in vertebrate skeletal
held by tying the muscle fibres. The X-ray
muscles.
experiments were made at the beam line 15A.
The temperature of the specimen was 15*C. Xray diffraction patterns of the resting
muscles were recorded on Fuji imaging
plates. The exposure was 10-20 sec. To
ensure the relaxed state, the experiments
were completed within 2 hours after the
dissection of the muscle. The plates were
read by BAS2000.
Tnt-.rorinrt-.ion
To study the structural changes in the
vertebrate skeletal thick filaments during
contraction, we are investigating the
structure of the thick filaments with
slightly different structures.
For this
purpose, we recorded X-ray diffraction
patterns from rat psoas (fast muscle) and
soleus (slow muscle) and found that the
thick filaments are differently arranged in
these muscles.

Results and.
The X-ray diffraction pattern frcm r a t psoas
muscle was quite similar t o those frcm frog
sartorius muscle and rabbit psoas muscle
which have been studied extensively. The
layer-lines from the helical arrangement of
myosin heads around the thick filament
backbone were sampled according t o the rule
of "superlattice" (Huxley & Brown, 1967)
which indicates the presence of "no-threealike" rule in the arrangement of the thick

Fig. la

Fig. lb
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In muscle cells, the myosin 'heads' (projections
from the myosin filaments) interact with actin
filaments, hydrolyzing ATP, and develop
contractile force. The ATP-free myosin heads
bind to the actin filaments tightly. It is
believed that, when the heads are fed with
ATP, they first detach from and then reattach
to the actin filaments for the generation of
active force. For better understanding of the
mechanism of this myosin-actin interaction,
we have performed time-resolved x-ray
diffraction experiments combined with the
technique of flash photolysis of caged ATPx.
We rapidly release ATP in ATP-free muscle
bundles to examine the ATP-induced
structural changes of the contractile proteins.
In the present study, we have used an x-ray
TV system for two-dimensional recording of
the diffraction pattern.
Materials and Methods
Hie bundles of muscle fibers were obtained from rat
soleus muscles, which is known to consist mainly of
slow twitch fibers. The photolysis solutions contained
5.8 mM caged ATP to photorelease about 1.3 mM ATP.
We added 0.4 mM ADP in the solutions to slow the
ATP-induced reaction.
Photolysis trials were
performed at « 24°C both in the absence and presence
ofCaz+.
The x-ray detector systemZ) consisted of an x-ray
image intensifier and a CCD video camera, and the
two-dimensional images were digitized on-line.
Fifteen trials were performed on nine bundles of
muscle fibers in the absence and presence of Caz+.
After the experiments, the x-ray (and tension) data
were averaged over each of the available data sets to
enhance their signal-to-noise ratios.

hand, 11/10 and actlL concomitantly
dropped within ~ 50 ms.
The ratio 11/10 is an index of the radial
position of the myosin heads from the actin
filaments, and the intensity actlL is an index
of the mass of actin-associated myosin heads.
These rapid decreases in 11/10 and act 1L arc
probably due to the ATP-induced detachment
of the myosin heads from actin. After this
detachment phase, neither of the two x-ray
signals clearly rises with tension (ten). This
result indicates that, even before the force
generation, the amount of the actinassociated myosin heads is about the same as
that during the steady-state contraction. The
force-generating 'reattachment' need to be
explored by studying other, weaker reflections
such as the 14.3 nm-meridional reflection,
which would change with the tension
production of the muscle.
References
1) K. Horiuti et al.J. Biochem. 113, 953 (1995).
2) N. Yagi et al. Jpn. J. Physiol. 4 5 , 583 (1995).

Results and Discussion
In Fig. 1 are shown the time courses of the
isometric tension (ten), the intensity ratio of
the equatorial reflections (11/10), and the
intensity of the first layer line of actin (actlL).
With the release of ATP, ten rose to the plateau
of contraction taking ~ 150 ms. On the other

0
0.2 0.4 0.6 0.8
time after ATP release (s)

Pig. 1. The averaged data (54XX) taken at the
photolysis trials in the presence of Caz+. The
dotted lines represent the final, steady-state
levels at the Caz+-free trials.
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ANALYSIS OF THE STRUCTURAL CHANGES OF THE THIN ACTIN FILAMENTS IN
FROG SKELETAL MUSCLE DURING ISOMETRIC CONTRACTION
Yutaka UENO and Katsuzo WAKABAYASHI
Department of Biophysical Engineering, Faculty of Engineering Science, Osaka University, Toyonaka, Osaka
560
Introduction
In order to analysis the structural changes of the thin
actin filaments in frog skeletal muscle during
isometric contraction, we have extended to record the
medium-angle X-ray diffraction patterns up to - 1 nm
axially1'. We report here the results of our structure
analysis of the thin filaments using these data.

Fig. 1 (b). These movements were the main changes
in the actin structure. Tropomyosin strands moved
azimuthally by about 8s, corresponding to about 5A
movement without changing their radial distance
from the filament axis.
References
1) Y. Ueno era/., PF Activity Rep., #12, 300 (1994).
2) K. C. Holmes era/., Nature, 347, 44 (1990).

Analyses
Layer-line intensity data were measured up to -1/3.5
nm"1 in the resting and contracting states. About
twenty layer-line data were used for analyses. Using
atomic data of the actin monomer and tropomyosin,
the thin filament model was constructed to get a best
fit with the observed resting data by the procedure of
Holmes et al. 2) Phases of the layer lines from the
resting model were used to calculate a difference
Fourier between the resting and contracting states.
Modeling structural changes of the thin filament
during contraction were made by varying the domain
structure of the actin monomer and the position of
tropomyosin within the filament.
Results and Discussion
Using the medium-angle layer data higher than the 7
nm layer line, we constructed the best-fit actin
filament model. A difference Fourier map between
the resting and contracting states was calculated.
This map showed that changes in the electron density
occurred inside the filament, confirming that the
characteristic intensity changes observed during
contraction were induced by the structural changes of
the actin filaments. Based on this fact, detailed
modeling studies were conducted by changing the
domain structure of the actin monomer in the filament.
Next, we incorporated the tropomyosin filaments to
explain the low-angle layer-line data. Troponin was
not considered, because we treated mainly the actinbased-layer lines. Calculations were made by a
non-linear least squares method o get a best fit with
the observed data. Fig.1 shows a result with a Rfactor of about 35%.
During contraction, the
subdomain 2 of the actin monomer moved toward the
inner side of the filament and the subdomains 1 and 4
moved apart from the filament axis as shown in

TM.

(a)

Resting

Contracting

(b)
Fig.1 Modeling structural changes of the thin filament
in the transition from the resting to contracting states,
(a) side views, (b) a cross-sectional view.
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Introduction
In order to clarify the contribution of troponin, the
intensity distributions of the layer lines from thin
filaments with and without troponin are compared in
the relaxed state of the muscles.

Experimental
X-ray diffraction patterns from four muscles in the
relaxed state were recorded at BL15A with an
imaging plate. Scallop striated muscle and molluscan
smooth muscle (ABRM) were used, in which the thin
filaments are thought to have no troponin. As those
with troponin, the crab striated and frog skeletal
muscles were used. The thin filament-based layer
lines were recorded unto the 27A merdional
reflection.
Results and Discussion
The intensity distributions of four thin filamentbased layer lines were measured and compared with
each other in Fig.1, where the peak intensities of the
59A layer line were normalized. The intensity
profiles of the 59A layer line were quite similar
among scallop, crab and frog thin filaments.
However, the layer-line profile of this reflection from
the ABRM thin filaments shifted toward the high
radial side. The same thing was seen in the 51A
layer line. In contrast, the reverse shift was observed
in the 30A layer line among these muscles. The
difference in peak position of these reflections
reflects the difference in helical radius of the mass
centers on the different helices. The most
remarkable difference in profile was seen in the 27A
meridional reflection: the reflection from the ABRM
was most intense and had a strong subsidiary
peak(1), different from the other muscles. It is
interesting to note that the layer-line profiles of these
reflections from the scallop muscle resemble those
from the thin filaments containing troponin. This
finding suggests the existence of troponin-like
protein in the scallop thin filaments. However, no
meridional reflections in the low-angle region were
observed. Ca2+-sensitive protein has been extracted
from the scallop thin filaments(2).
Recently, the F-actin model was constructed using
the atomic structure of actin monomer to get a best-

292

fit with the layer-line intensities from the F-actin
gel(3). The intensity distributions of the four layer
lines were calculated from this model and compared
with the observed data from the various muscles.
Apart from the intensities, the profiles of the ABRM
were similar to those of the F-actin model. The
remarkable difference in intensity of these layer lines
suggests that the structure of the actin monomer in
the filaments is different from muscle to muscle.

27A

0.00

0.01

0.02

0.03

Fig.1 Comparison of the intensity distributions of
the layer lines from the thin filaments in various
muscles
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Introduction
To study the relationship between elementary
biochemical states and structural state of the
actomyosin crossbridges in muscle, the effects of
binding of MgADP and MgADP-phosphate analogs to
myosin heads in the rigor muscle were examined by
X-ray diffraction.
Experimental
Glycerinated fiber bundles of rabbit muscle were
used. For experiments with MgADP, 1 mM ADP
was added to the rigor solution in the presence of
inhibitors of ATP regeneration.
For those with
ADP+vanadate and ADP+metallofluorides, vanadate
and metallofluorides were added to the ADP solution
according to the published procedures.
X-ray
experiments were performed at BL15A using a
small-angle diffractometer.
The 2D diffraction
patterns were recorded on an imaging plate.

isometrically contracting muscle (Fig.2) but that of
the first layer line remained to be rigor-like. These
data indicate that these analogs bound to the myosin
heads in the rigor muscle, forming a ternary complex
and the myosin heads in the rigor muscle dissociated
substantially (-50%) but still remained in the vicinity
of the actin filaments when MgADP+BeF3 bound to
them.
25r

~

(a)

14.5nm
Rigor
— i — Rlgor+ADP

_

20 -

15 -

m

10

0 055

0 060

0 065

0.070

0.075 , 0.080

0.085

flxial coordinate, Z (nm~ )
6

Results and Discussion
When MgADP was added to the rigor muscle in the
presence of hexokinase and myokinase inhibitor
system, the intensity of the 145 A-based meridional
reflections increased by 20-50%. Together with
these intensity changes, a slight but distinct decrease
was observed in the 59 A layer-line intensity close to
the meridian (Fig.1). The results strongly suggest
that the myosin heads altered their attached
conformation in the proximal end toward the plane
perpendicular to the fiber axis when MgADP bound to
them.
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Fig.1 The change in the intensity profile of thel 45A
(a) and 59A (b) layer-lines in addition MgADP to the
rigor muscle.
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The addition of MgADP+phosphate analogs such
as metallofluorides (BeF3 and AIF4) or vanadate (Vi)
to the rigor fibers weakened most of actin-based layer
lines but did not cause the appearance of the
resting-like myosin layer lines. The strength of the
effects of these analogs on the diffraction pattern was
in the order of ADP.BeF 3 >ADP.Vi>ADP.AIF 4 . The
intensity of the 59A layer line together with the first
actin layer line became weakened by about 50% in
the presence of MgADP and BeF3. The profile of
the 59A layer line resembled very much that of an
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Fig.2 Comparison of the 59A layer-line intensity
distribution in various states.
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REFINED MODELING CONFORMATIONAL CHANGES OF THE MYOSIN HEAD DURING
HYDROLYSIS OF MgATP FROM X-RAY SOLUTION SCATTERING
Yasunobu Sugimoto, Makio Tokunaga* and Katsuzo Wakabayashi
Department of Biophysical Engineering, Faculty of Engineering Science, Osaka University, Toyonaka, Osaka
560 and "Yanagida Biomotron Project, ERATO, JRDC, Mino, Osaka 562
axis. These rotations correspond to the movements
of about 45A and 20A of the short bent helix at the tip
of the light chain binding backbone. The changes of
the large cleft in the 50kD domain seemed to be
small.
References
1) K. Wakabayashi etal., Science 258, 443 (1992).
2) Y. Sugimoto etal., Biophys. J. 68, 28s (1995).
3) A. J. Fisher etal., Biophys. J. 68,19s (1995).

Introduction
We have analyzed the conformational changes of the
chicken skeletal myosin head (S1) with full light
chains which have been detected by X-ray solution
scattering 1>|2).
More detailed modeling studies
using
the
crystal
structure
showed
that
conformational changes of S1 in the active state
accompanied with two directional movements of the
light chain-binding helix.
Modeling Studies
Modeling studies have been performed using acarbon crystal coordinates of the chicken skeletal S1
from the Protein Data Bank. Refined calculations
were made by defining the five movable domains
within the molecule and by altering two rotational
angles of the connecting points of each domain. In
order to examine the best-fit models for nucleotidefree S1 and S1 in MgATP solution, the R-factor
defined as LS 2 [l obs -l ca i c ] 2 /lS 2 lobs2 (where S=2sin6/X)
was calculated.

S1 no nucleotide
— obs.
••• calc.

S1 in MgATP
— obs.
calc.

Results and Discussion
In the presence of MgATP, the radius of gyration and
the maximum chord length of S1 decreased by about
3A and 10A, respectively1'. A previous2' model has
been refined by defining several (five) movable
subdomains within the molecule (e.g., ref.3).
Refinements were made by varying consecutively
respective domains with the connectivity of chains
maintained. The comparisons of p(r) functions
calculated from the best-fit models for nucleotide-free
S1 and S1 in MgATP solution are shown in Fig.1A
and B. The agreements between the calculated and
observed p(r) functions were much improved. The
discrepancy (R) factors were 0.45% in Fig.1A and
0.37% in Fig."IB. According to the refined models,
the conformational changes of S1 during hydrolysis
of MgATP accompanied by two directional
movements of the light-chain binding helix, when
compared with the mass center of the 25kD domain
coincided with that of nucleotide-free S1 (Fig.2): the
light chain binding helix rotated by about 12° upward
and by about 10° in the plane including the its long

150

Fig. 1 Comparisons of the observed and calculated
p(r) functions.

20A
Fig. 2 Conformational changes of S1 in the active
scate.
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Introduction
In the previous report, we showed that on binding of
ADP + metallofluorides (AIF4 and BeF3 the radius of
gyration of the myosin head (S1) changed in the
same way as on binding of ADP+vanadate (Vi) at
fixed protein concentration1'. These are thought to
good analogs of intermediate (M*.ADP.Pi) of the
myosin ATPase reaction.
However, the recent
crystallographic analysis of the truncated S1 has
suggested that binding of ADP.AIF4 induces the
conformational change but that of ADP.BeF3 does
not, implying that binding of these two analogs
corresponds to the different intermediates2'. We
report here that binding of ADP plus both
metallofluorides induces the conformational changes
of S1. The results were obtained by examining the
true radius of gyration. Binding of ADP to S1
decreased the radius of gyration to a value
intermediate between the nucleotide-free and on
binding of ADP+metallofluorides.
Experimental
Papain-treated chicken skeletal S1 was used
immediately after purification by gel filtration. X-ray
solution scattering was done at 199C at BL15A. The
experiments on samples with MgADP, MgADP.AIF4
and MgADP.BeF3 were made using the same
preparation. The measurements of nucleotide-free
S1 and S1 in the presence of MgATP were also done
using the same S1. The radii of gyration were
calculated from the slope of the Guinier plots and
extrapolated to the zero protein concentration. The
pair distance distribution functions were calculated
from the intensity data of 0.003 < S < 0.050A"1
(S=2sin9/X).
Results and Discussion
The concentration dependence of the radii of gyration
values (Rg) from various S1 samples is shown in
Fig.1 (a). The slope of the straight line on binding of
ADP.AIF4 was positive and different from others.
This is due to the different interference effect. The
true Rg value of S1 upon binding of MgADP.AIF4 and
MgADP.BeF3 decreased by about 3A and 2.5A,
respectively (Fig.1 (b)). The decrease in Rg and the
changes of p(r) were very close to those observed in
the presence of MgATP, showing similar global
changes in S1 structure upon binding of these

metallofuoride complexes. The result of S1 bound
MgADP.BeF3 is not in harmony with the
crystallographic result of a truncated S1 bound
MgADP.BeF32). Our present results indicate that the
formation of ternary complexes of these ADP +
metallofluorides mimic the ADP.Pi state of the S1
ATPase cycles, consistent with the other biochemical
studies.
When MgADP bound to S1, the Rg value
decreased by ~ 1A. The change was small but
significant, revealing that the structural change of S1
occurred upon binding of MgADP. The decrease in
Rg suggests that the movement of the center of
gravity of the light chain binding region corresponds
to one third that observed during hydrolysis of ATP
and upon binding of MgADP.Pi analogs.
References
1) Y. Sugimoto era/., Biophys. J., 68, 28s (1995).
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Fig. 1 (a) Concentration dependence of Rg. and (b)
the true Rg value of various nucleotide analogs
bound to S1.
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X-RAY SOLUTION SCATTERING STUDIES ON THE MONOMERIC ACTIN-MYOSIN HEAD
COMPLEX. II. FORMATION OF A NON-CROSSLINKED 1:1 COMPLEX
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'Department of Biology, Faculty of Science and Department of Biophysical Engineering, Faculty of Engineering
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separately, the distance between the centers of
gravity of two molecules in the complex was
estimated to be 75-80A. This estimate and features
of the p(r) function suggest that an actin molecule
binds to a tip of S1.

Introduction
We reported X-ray solution studies on the complex of
non-polymerizable actin and myosin head (S1) which
was produced by crosslinking with MBS1). Our
recent studies showed that this complex was a dimer
of crosslinkied actin-S1 complex in solution. We
examined formation of an acto-S1 complex obtained
by mixing S1 and non-polymerizable actin (without
crosslinking) and found that an 1:1 complex was
formed at the 1:1 molar ratio under low ionic
condition.

References
1) T. Arata etal., PF Activity Rep., #12, 299 (1994).
2) N. Iwasaki et al., PF Activity Rep., this volume
(1995).
350

Experimental
Purified DHT/MBS G-actin1) and chymotryptic S1
were mixed at various molar ratio under low ionic
condition. X-ray solution scattering experiments
were performed at BL15A. Measurements of each
sample were made using an 1D-PSD in an exposure
time of 5 min at 18fiC. The specimen-to-detector
distance was 2351 mm.
Results and Discussion
The Guinier plots of the small-angle scattering data
from the samples at various molar ratios were all
linear.
The radius of gyration (Rg) reached a
maximum (~45A) at the molar ratio of 1:1. The
increment of the zero-angle intensity (Al(0)) also
saturated at this molar ratio (Fig.1), indicating that
one S1 molecule binds one actin monomer. The
scattering curves at various ratios were corrected for
unbound actin.
The corrected curves became
almost identical. At the 1:1 ratio, the concentration
dependence of Rg and l(0) were measured. The
true Rg was 50A and the molecular weight was
estimated to be 150kD which was close to that of the
sum of the molecular weights of actin and S1 used.
The pair distance distribution function (p(r)) was
calculated by using the scattering data ( 0 < S <
0.03A"1, where S=2sin9/X)(Fig.2). The main peak
was observed at r -40A but no distinct subpeak was
observed.
The maximum chord length was
determined to be 184A by the calculation of the
second moment of p(r). Using the Rg values of
chymotryptic S1 and actin which were measured

0.0

0.5
1.0 1.5 2.0 2.5
molar ratio (actin/S1)

3.0

Fig.1 Increment of the zero-angle intensity against
the molar ratio (actin/S1).
i
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Fig.2 P(r) function of the 1:1 complex calculated from
the intensity data at zero concentration.
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Introduction
We succeeded in making a non-polymerizable Gactin and a 1:1 complex with the myosin head1'.
Subsequently, it was shown by X-ray solution
scattering that the 1:1 complex of this actin and
myosin head (S1) was formed at a molar ratio of 1:1
without crosslinking2'. In this report, our analyses on
the solution structure of this complex are described.

somewhat insensitive to modeling, in this model the
binding sites in the subdomains 1 and 2 of actin were
used. The other location of the actin binding to S1
was difficult to get a fit with the observed data.
References
1) T. Arata era/., PF Activity Rep., #12, 299 (1994).
2) T. Arata et al., PF Activity Rep., this volume
(1995).

Analyses
The scattering curve from the 1:1 complex at zero
protein concentration was obtained. Using the whole
scattering curve (0<S<0.03A"\ where S=2sine/X), the
pair distance distribution function (p(r)) was
calculated. In order to minimize the termination
effect, the decay curve with S"4 was added. The
maximum chord length was determined from the
calculation of the second moment of p(r). Modeling
studies were made by using the atomic coordinates of
a-carbon atoms of G-actin and S1 without a RLC and
28 terminal amino acids since a chymotryptic S1 was
used.
Results and Discussion
As reported in Part II, the Rg value of the complex
was 50A. No distinct subpeaks were observed in the
p(r) function (see Fig.2). The maximum chord
length was estimated to be 184A. Using the Rg
values of S1 (~40A) and monomeric actin (23.6A)
which were measured separately, the distance
between the centers of gravity of two molecules in the
complex was estimated to be 75-80A. Using these
parameters the features of p(r), modeling studies
were made using the atomic data of S1 and actin
monomer. The best-fit model was obtained by
binding the actin molecule to a tip of the 50kD domain
of S1 where the actin binding sites were concentrated
(Fig.1). The p(r) function calculated from this model
is compared with that from the observed data in Fig.2.
In order to get such a fit, it was necessary to increase
the whole atomic volume by about 15%. At present,
structural change of each molecule on the formation
of the complex was not considered. Although the
orientation of the actin molecule in the complex was

ATP binding site
Actin binding site

184A

Flg.1 The best-fit model of the solution structure of
the monomeric actin and myosin head complex.
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Fig.2 Comparison of p(r) calculated from the model
of Fig.1 with that from the observed curve.

297

95G279

Ca2+-INDUCED STRUCTURAL CHANGES IN THE THIN FILAMENT OF
A SINGLE SKINNED FROG SKELETAL MUSCLE FIBRE.
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Introduction

Results and Discussion

Contraction of vertebrate skeletal
muscle is controlled by intracellular
calcium concentration. Calcium ions
bind to troponin in the thin filament
and, via tropomyosin, enable seven
actin molecules to interact with
myosin. Although the crystal structure of troponin-C, the Ca-binding
subunit of troponin, is known, the
structure of troponin in the thin
filament is poorly understood. We
studied the Ca-induced structural
change in the thin filament using a
single skinned muscle fiber of the
frog.

When the Ca 2+ concentration in the
rigor
solution
was
raised,
we
observed intensity changes in various
parts of the diffraction pattern.
However, this effect was not reversed
by removing Ca 2+ .
Therefore it is
probable that these intensity changes
were due to removal soluble proteins
after extensive wash-out or weaker
binding of some soluble proteins to
contractile proteins in the presence
of Ca2+. Therefore, the intensity
changes that occurred upon removal of
Ca 2+ seems more representative of the
effects of Ca 2+ on the structure of
the thin filament.
Figure below shows the intensity
changes along the meridian due to
Ca 2+ removal.
The large peaks are
likely to be due to the structural
changes in troponin molecules. There
was also a considerable intensity
increase on the first actin layerline at 1/36 nm"1 which may be due to
shift of tropomyosin molecules on the
thin filament in the I-band.

Materials and
Single fibres were dissected from
sartorius muscle of bullfrogs and
treated with 1% Triton X-100. The fibre was mounted in a cell with two
Kapton windows to pass X-rays.
Initially the fibre was in the rigor
state with EGTA. After recording the
X-ray diffraction pattern, the rigor
solution was changed to the one containing 40pM Ca2+. An X-ray diffraction pattern was recorded, and then
the solution was changed to the one
without Ca 2+ and another diffraction
pattern was recorded.
The experiments were made at the beam
line 15A with a ring current of 360270 mA. The X-ray exposures were SOSO sec on imaging plates. Some experiments were done when the ring was
operated in a single bunch mode with
a ring current of 40-20 mA. In this
case, the exposure was 5-10 min.
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MESOSCOPIC STRUCTURE CHARACTERIZATION OF SUPER-HIGH STRENGTH P/M
Al-Zn-Mg-Cu ALLOYS
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According to our previous result[2|, the coherency strain effect
has been made clear to be dominant for Ihe GP.zones and
metastable preclpilates In Ihe Al-Zn based alloys. According to
Gerold and Harberkorn[3],the yield stress Is expressed by the
equation,

Introduction
The mechanical property of AlZnMgCu quaternary alloys Is well
known to be characterized in terms of precipitation hardening,
where n'melastable phase of nanometer scale act as pinning
centers for preventing dislocation motion. In order to get high
strength, we have carried oul systematic Investigation using the
various types of Al-Zn based alloys(1,2|. The synchrotronradiation small angle scattering (SR-SAS) measurements have
been performed In order lo gel the structure parameters which
characterize precipitates. Possibility designing a new alloy with
super-high strength has been theoretically discussed.
Experlmenlal
The chemical composition of the specimens by powder
metallurgy(P/M) is summarized in Table 1. The base alloy was Al9.5mass%Zn-3mass%Mg-1.5mass%Cu. The air atomized powder
was pressed Into a rod-like shape by cold Isostatlc pressing.
The rod was first preheated in an argon atmosphere at 773 K for
3.6 ks and then extruded at 773 Kto an extrusion ratio of 20. The
products were machined to dumbbell type shape and heal
treated to T6 condition, for which the specimens were solution
treated at 763 Kfor 7.2 ks, then water quenched and aged at 393
Kfor 86.4 ks. A part of specimens was aged for longer time at
393 K. The tensile test were carried out at room temperalure.
SR-SAS measurement were performed at BL15A.
Results and Discussion

where M is the Schmid lactor, G Is Ihe shear modulus, e is the
coherency strain, y is the average radius, Viis ihe volume
fraction of precipilates and b is Ihe Burgers vector.The yield
strength is well explained as a lanctlon of the average radius
and volume fraction.In order to estlmale the coherency strain
lor Ihe present P/M specimens, the experimental data of yield
stress for AsO specimens are needed. Al present, we could not
get the reliable AsO data because of so-rapid precipitation
during quenching. When the AsO data are assumed lo be the same
for all the specimens. It Is possible to estlmale the coherency
strain from the slope of Fig.1. Thus estimated coherency strain
Is 0.031,where G= 26.2 GPa and b = 0.29nm are used.
It Is clear that three structre paramelers of coherency
strain,volume fraction and shear modulus are most Important. As
demonstrated here, the P/M specimens used here contains large
amount of solule elements. As a result, Ihe high volume fraclion
and high coherency slrain are realized.
The maximum yield strength is quantitatively possible to be
assessed. The lenslle strength is theoretically suggested to
achieve IGPafor AlZnMgCu based alloys.

Mechanical properties and structure parameters for the P/M
specimens are summarized in Table 2. Typically Ihe fine
precipitates with Guinler radius (Re) of about 2-3 nm distributes
separating each other by the nearest interpartlcle dislance (Lp)
less than 9 nm. There Is a correlation between mechanical
properties and structure parameler. A direct correlation is
found for volume fraction dependence of 002.In the present
aging condition, the major metastable precipitates are n' phase.
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Tablei Chemical composition of P/M specimens
Sample
Number
468
404
531
534
389

Nominal
Compoailion(maM%)
9.5Zn-3Mg-l.SCti(biae)
bftM+O.MAg
bMt-HMn
basr+4Mn+0.04Ag
ba«e+4Mn+0.O4Ag+0.5Zr

Al

Zn

MR

Cu

Mn

Ag

900
Zi
850

(**)
91.39
90.85
89.65
89.60
89.60

4.24
4.17
4.0-1
4.16
3.91

3.57
4.18
3.58
3.41
3.52

0.67 .
0.73
0.11 0.72 195
0.73 2.02 0.005 0.70 2.00 0.011 0.15

Table2 Summary of SR-SAS mesurements and tensile test
for the T6 treated P/M specimens
Sample
Number
468
404
531
534
389

Ho
[nm]
2.51
2.40
2.61
2.65
2.77

l>
"02
[nm]
[MPa]
8.27 0.049 7-15
8.19 0.044 780
8.27 0.055 845
8.04 0.063 819
8.38 0.063 859

1
/

i
•

1

800

r

750

700

°B
650

[MPa]
751
790
879
869
893

600
0.05

0.1

' " / (nm)

0.15
1/1

02

Fig. 1 Change of Ihe observed yield strength as a function of
Ihe average radius and volume fraclion of n' precipitates
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Introduction

crystals but only from air-hydrates. Then, small
spots which distributed in the region were
thought to be reflections from air-hydrates.
The number of spots from air-hydrates
varied from 29 to 207 with the depth change of
one or two millimeter step. They were considered
to reflect the number density of air-hydrates but
they were much lower than that expected from
microscopic observation. Then we have not
detected the absolute number density of airhydrates by X-ray diffraction yet.
Previous results are interesting to
consider the layer structures observed in glacial
age ices. Although only relative variation of the
number density was detectable X-ray analysis of
inter glacial ices should be done. This method is
useful to observe air bubble including ices, which
is not suitable for the microscopic observation of
air-hydrates.

Polar ice sheets are great reservoirs of
ancient atmosphere. Ice-trapped air forms airhydrates at depths greater than several hundred
meters. The air-hydrate is a cubic crystal of air
and water molecules0. Uchida et al. carried out
microscopic observation of air-hydrates in ice
cores recovered at Vostok Station, Antarctica and
found that a depth profile of number density of
the air-hydrates well correlated with the climate
change21.
Although microscopic observation of
air-hydrates gave useful information, It required
skill and experience. Then another technique for
determining the distribution of air-hydrates was
required. We have already reported the ice core
analysis system using X-ray diffraction'1. In this
study, we aimed to measure the distribution of
air-hydrates using X-ray and determine the
mechanism which form the variation of the
distribution of air-hydrates.

References

Experimental
Cylindrical specimens with a dimension
of 20mm x 5mm<|> were cut from Vostok ice cores.
In order to determine the depth profile each
specimen was cut along the core axis. In these
specimens ice surrounding air-hydrates worked
as a pressure vessel and air-hydrates were
prevented from dissociating.
Schematic diagram of experimental
apparatus and a detailed procedure were shown in
the previous report. Monochromated (X=0.6A)
synchrotron radiation diffracted from a rotating
specimen, of which rotation axis was normal to
the incident beam was collected on a fixed
Imaging Plate.
Results and Discussions
Figure 1 is a example of diffraction
pattern of 2151m depth specimen. Large and
small spots distributed as concentric circles.
Large spots were indexed in terms of ice crystal.
In a region between ice (1011) and (1012)
reflection, no spots were expected from ice

1) Hondoh, T., H. Anzai, A. Goto, S. Mae, A.
Higashi and C.C. Langway Jr., Journal of
Inclusion Phenomena and Molecular Recognition
in Chemistry, 8, 17(1990)
2) Uchida, T., T. Hondoh, S. Mae, V. Ya.
Lipenkov, P. Duval, Journal of Glaciology, 40,
79(1994)
3) T. Ikeda, T. Hondoh, K. Satoh, T. Uchida
and S. Mae, Photon Factory Activity Report, JJ.,
360(1993)
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Figure 1 Diffraction pattern of Vostok ice core
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Introduction
Our previous studies have shown that
interstitial-type and vacancy-type dislocation
loops were formed even at fairy high-temperature
(>200°C) in nearly perfect aluminum crystals.
Interstitial-type dislocation loops were appeared
after up-quenching from room temperature as
vacancy source and vacancy-type dislocation loops
were formed by quenching after long time
annealing at more high temperature as vacancy
sink. However, the formation process of both
dislocation loops is not clear. The purpose of the
present study is to make clear the formation
mechanism, especially first stage of the formation
process of these loops.

appearance of the dislocation loops, as shown in
Fig. l(b). Figure 2 is a topograph taken at 200°C
after cooling from 300 °C . And it shows the
vacancy- type dislocation loops Similar to Fig. 1, a
obscure topograph was taken. Regardless of the
nature of dislocation loops, obscure topographs
were taken just before the appearance of
dislocation loops. This phenomena is caused by
the scattering of diffracted X-ray beam in the
specimen with a lot of micro-clusters of point
defects. And these clusters will grow to the
dislocation loops finally by aggregation and
dissolution of point defects.
These features
suggest the Ostwald ripening of the dislocation
loops observed.

Experimental

Fig. 1

We constructed a high-temperature topographic
camera for continuous observation with nuclear
plates. The specimen used in this study was a
single crystal of aluminum (99.9999% purity)
with low dislocation density. In order to observe
the appearance of interstitial loops, sprecinen
was heated up to 300 °C and kept at that
temperature for 2 hours. Several tens of SR
topographs were taken at this temperature every
30 seconds or 1 minuts. Another specimen was
heated up to 300 °C gradually to prevent the
appearance of interstitial loop. And the specimen
was kept at that temperature for about lOh. then
the specimen was cooled down to 200°C and kept
at the temperature.
Similar to the case of
interstitial loops, many topographs were taken at
200°C just after cooling.

135 s.

195 s.

255 s.

Above numbers shows the annealing time at 300"C.

Fig. 2

Results and Discussion
Figure 1 shows a series of topographs by (111)
reflection taken at 300°C after up-quenching. A
large number of interstitial-type dislocation loops
are observed in these topographs. And a obscure
topograph, in which not only defect images but
fringes are unclear, was taken in spite of very
short exposure time (2.0 sec) just before of the

213 s.

873 s.

1173 s.

Above numbers shows the annealing time at 200*C.
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IN-SITU OBSERVATION OF GRAIN-BOUNDARY MIGRATION IN Fe - 3% Si BICRYSTAL
Hideharu Nakashima", Sadahiro Tsurekawa2', Toshiyuki Ueda3), Katsushi Ichikawa41, Masunari Yoshitomi"
and Kouichi Kawasaki61
"Department of Materials Science and Technology, Kyushu University. 2)Department of Materials Science and Technology,
Kyushu University. Present; Research Development Corporation of Japan. ''Graduate student, Kyushu University. Present;
Toyo Kohan Co.,Ltd. 4)Graduate student, Kyushu University. 5)Yawata R&D Laboratory, Nippon Steel Corporation. Present;
Miyazaki University. ''Advanced Materials&Technology Research Laboratories, Nippon Steel Corporation.
III. RESULTS AND DISCUSSION
Figure l(a) and (b) show the relation between the
square of the boundary displacement, a2, and time, t, of
(ll4)Z9 coincidence and random boundaries with the angle
(7=10° during the in-situ heating from 1270 to 1320K.
During the heating, there was no tendency to form the
boundary facet. In this Figs.l, at 1270K of both crystal,
1300K and 1320K of the random boundary, two different
slope regions can be observed. And at first stage, the slope
of Z 9 boundary is larger than that of the random boundary.
But, at second stage, the slope of 2 9 boundary is reversely
smaller than the random boundary. From eq.(l), M y b
can be estimated from the slope of Figs. 1, and depend on
the migration mechanism. By Sun and Bauer technique,
the driving force of the grain boundary-migration decreases
with the boundary migrate. Therefore, it is considered
that the migration mechanism of the grain boundary changed
during the migration.
Reference
(1) R. C. Sun and C. L. Bauer: Acta Met., 1970, 18, 639.

I. INTRODUCTION
Silicon steel has sharp preferred orientation of the
secondary recrystallization texture, so - called Goss texture
of{ 110}<001>. The formation of the oriented grains in a
polycrystalline material is believed to result from preferred
migration of grain boundaries with a specific orientation
relationship between two adjacent grains. From the
experiments conducted so far, it has been pointed out that
2 9 boundaries may play an important role in the Goss
texture formation during the secondary recrystallization in
silicon steel. In this work, Fe-3%Si bicrystals with <110>
tilt boundaries have been prepared and migrations of these
boundaries have been directly observed at 1220— 137OK.
II. EXPERIMENTAL PROCEDURES
To prepare the bicrystals with <110> tilt boundaries
of Fe-3%Si alloy, oriented single crystals were grown using
the r. f. floating zone technique. For measuring the boundary
mobility. Sun and Bauer method1" was employed in the
present work. In this technique, the driving force of grainboundary migration can be controlled by the angle a at
which the grain boundary meets the surface. According to
Sun and Bauer1", the relation between the displacement, a,
of the boundary along the surface and time, /, should be
described by
a2-a02=2f( a )M y

g b ?,

(a)(H'4)J9
e

a.

(1)

(I

here a0 is the initial grain boundary position, M the mobility
of the boundary migration, /
the grain boundary energy
and/f a ) the magnification factor which is functionally
related to the angle a . The specimens were about 0.15mm
in thickness, respectively, and were obtained by the chemical
polished. Finally, to eliminate the strain introduced by the
specimen preparation, the specimens were subjected to
annealing at 1070 K for 21.6 ks under a vacuum of about
0.7mPa. The grain boundary migration behaviour was
observed at temperatures in a range from 1220 to 1370K
under an argon atmosphere of 0.1 MPa. The specimen was
fixed in a heating stage attached to a five-circle goniometer.
A white x-ray beam, approximately 5 mmx5 mm in area,
was used. A transmitted Laue spot was received by a highly
sensitive x-ray camera and observed as the magnified image.

1270 K

> K

I

1300 K

(b)Random

1270 K

1000

1300 K
2000

3000

4000

5000

6000

Time, f / s

Figure 1 The relation between square of grain boundary
displacement, a\ and time, t, (a) (] 14)£9coincidence boundary
and (b) random boundary.
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GLIDE MOTION OF DISLOCATION IN ICE CRYSTAL CLOSE TO THE MELTING TEMPERATURE
Yasuo OKADA1, Kimihiko MORIKAWA2 and Takeo HONDOH2
1. Department of Applied Physics, Hokkaido University, NI3W8, Sapporo 060
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Introduction
In-situ observations of dislocations in ice crystal were
carried out by x-ray topography in a temperature range
between 254.7K and 272.7K under relatively small
stresses. Magnitude of the applied stress was varied from
0.045MPa to 0.30MPa. Steep increase of dislocation velocity as it approached to the melting point was assured.
We previously reported02' that the curvature of dislocations also changed steeply in this temperature range. It
means that the formation rate of kinks steeply varied. As
far as the kink-diffusion model3' is valid, we may deduce
that the movements of the dislocations must strongly be
enhanced by the increased formation rate of thermal kinks.
However, it is not clear whether the steep increase of dislocations depends on the magnitude of the applied stress.
In this study, we took notice of the change in the dislocation velocity close to the melting point by the difference
of applied stress.
Experimental
Specimens were prepared from single crystals of ice Ih
(ordinary ice) grown by the Czockralski's technique. The
dimensions of the specimens were 2.8x5.8x30mm 3 . A
small deformation apparatus was mounted on a goniometer, and uniaxial compression load was applied to the
specimen as described in the previous report4'.
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.
Temperature rises of the specimen according to the irradiation were suppressed to be negligibly small by means
of use of the absorption plate.
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 detected from images recorded at different times.
Experimental Results
Fig. 1 shows the temperature dependence of average dislocation velocity measured between 272.7K and 254.7K,
at an effective shear stress of 0.060MPa. The activation
energy calculated from data in the lower temperature
range is 0.63eV, which agrees well with those reported so
far. Meanwhile, 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.
Some of previous measurements showed widely-spreaded
distributions of velocities. According to the kink-diffusion
model, dislocation velocity varies proportional to the kink
density. It is deduced that they were produced by the geometrical kinks on the dislocation lines, which make the
dislocation lines inclined from the Peierls trough. Fig.2
shows the stress dependence of the velocities of dislocations along the Peierls trough, which hardly contributed
from the geometrical kinks. The velocities increases linearly to the effective shear stress, and no sign of distributions or non-linearity in velocities is appeared.
In the measurement at 270K, mobilities are calculated as
20.5 umsec'MPa 1 and 12.6 nmsec'MPa"1 for 60 degree
dislocations and screw ones, respectively. The average
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mobility of 270K in Fig. 1 is situated between the two, and
it indicates that the distributions in velocity were produced by the difference of dislocations' nature.
References
1) H. Yamakami et al., Physics and Chemistry of Ice
(Hokkaido Univ. Press, Sapporo) (1992)
2) Y. Okada et al., PF Activity Report, No. 13 (1995)
3) J. P. Hirth and J. Lothe, Theory of Dislocations
(McGraw-Hill Book, NY.) (1968)
4) P. Pimienta etal.. PF Activity Report, No.7, 210 (1989)
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ASSESSMENT OF PERFECTION OF C60 AND C70 CRYSTALS
BY SYNCHROTRON RADIATION TOPOGRAPHY
Masaru TACHIBANA, Hiroko SAKUMA', Kazuki NISHIMURA*, Mikio SHIMIZU*,
Masaaki SATO*, Keiichi INOUE*, Yuusaku YOSHIDA*, Asato YAKO* and Kenichi KOJIMA
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The success in efficiently synthesizing fullerenes
has generated much interest in the physical properties of this new class of molecular crystals. The
crystals with high quality or at least with a known
and well-defined defects are required for the studies on intrinsic physical properties [1-4]. In this
report, we present the perfection of fullerene crystals grown by sublimation method.
Coo and C70 crystals were grown from vapor
by a continuous pulling technique [5,6]. Large Ceo
crystals up to a size of about 5x3x2 mm3 and
C70 crystals of about l x l x l mm3 were obtained.
The structural perfection were accessed by not
only X-ray topography but also etching method.
The Laue method with synchrotron radiation (SR)
was applied for the topographic observation of asgrown crystals since it was difficult to cleave or cut
them into thin plate specimens. The topographs
were recorded on X-ray films (Agfa D2) for a few
tenth of a second. On the other hand, the etching was carried out by immersing the crystals into
toluene for 3-5 seconds.
SR topographic images for the grown Ceo crystals with fee structures were observed as shown in
Fig. 1. The topograph was taken using 151 reflection. As shown in Fig. 1, the center region of
the crystals shows good quality, although the images at crystal edges indicate the large distortion,
which can be produced by handling of the crystals.
Some of dislocations can be observed individually.
From the extinction criterion of the dislocation
images, the Bulgers vectors of predominant dislocations were identified to be l/2<110>, which
corresponds to those of the typical fee crystals.
On the other hand, the distribution of dislocation
etch pits on the crystal surface was consistent with
the X-ray topographic results. Moreover, from the
number of the etch pits, the grown-in dislocation
density was estimated to be less than 104 /cm2.

For the grown C70 crystals with hep structures,
the Laue patterns showed a little diffusive. Consequently no topographic image was clearly observed. This means that the quality of C70 crystals is poor compared with Cgo-

0.5mm

Figure 1. Typical SR topograph of Ceo crystals
grown by sublimation method.
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CHARACTERIZATION OF SURFACE IMPERFECTIONS OF A BONDED SILICON WAFER
BY MEANS OF EXTREMELY ASYMMETRIC X-RAY REFLECTION TOPOGRAPHY
Shigeru KIMURA*. Atsushi OGURA* and Tetsuya ISHIKAWA"
'Microelectronics Research Laboratories, NEC Corporation, 34 Miyukigaoka, Tsukuba, Ibaraki 305
"Engineering Research Institute, University of Tokyo, 2-11-16 Yayoi, Bunkyo-ku, Tokyo 113
Introduction

s c i n t i l l a t i o n

counter

1

Surface imperfections of a bonded silicon wafer,
which is one of the commercially available silicon-on
insulator (SOI) wafers, were investigated by means of extremely asymmetric x-ray reflection topography (EAXRT), in
which the glancing angle of the incident x rays is near the
critical angle of total reflection; this geometry is achieved by
using tunable wavelength synchrotron radiation. The experimental topographs revealed a characteristic contrast, which
cannot be observed by conventional x-ray topography. The
observed contrast strongly depend on the fabrication technique of the bonded silicon wafers.

d o u b l e cry i t al
n o n o c hro n d o r

I onl l a tIo n
chamber

• \
i - iay
f i l m

Figure 1
Schematic diagram of the experimental
set-up on BL-15C.

Experimental

[110]

We used a commercially available <001>-oriented
bonded silicon wafer with diameters of 150 mm for a sample.
The bonded wafer has a top silicon layer of l.l±0.3 fim
thickness, a buried SiO2 layer of about 1.0 |im thickness, and
a silicon layer of 625 u,m thickness.
The EAXRT arrangement was set up on BL-15C
(Fig. I).' Using wavelength tunability in conjunction with
proper selection of the diffraction vector, the glancing angle
to the sample surface, indicated as 00 in Fig. 1, can be set
near the critical angle of total reflection. The samples were
imaged with the 555 reflection at a glancing angle of 2.94
mrad. In this condition, the wavelength is estimated to
0.102345 nm and the penetration depth is about 270 nm.2 The
topographs were recorded on a nuclear emulsion plate (Ilford
L4). Exposure times were about 6 minutes while the storage
ring was operated at an energy of 2.5 GcV with an average
positron beam current of about 330 mA.

'Omm

Results

Figure 2

Figure 2 shows a topograph of the bonded silicon
wafer.' The observed images do not cover the whole wafer
because wafer warpage due to its own weight and/or due to
bonding strain changes its Bragg condition. In this topograph,
however, many concentric circular wavclike patterns are
observed, with their center corresponding to the wafer center.
These images were not observed in a conventional x-ray
topograph. These patterns are observed to have an interval of
about 0.3 mm, which is too small for growth striations. In the
bonded silicon wafer fabrication process,4 the wafer surface
is finally thinned by mechano-chemical polishing, one wafer
at once. In order to control the thickness of the thin top
silicon layer precisely, each wafer is mounted on the center
of large plate surrounded by some reference wafers and
rotated around the center on the polishing pad. On the other
hand, in the case of conventional silicon wafers, several

A topograph of the bonded silicon wafer.

wafers are mounted on a plate and polished simultaneously.
This is possibly the reason why the concentric circular strain
patterns exist in the bonded wafer. We conclude, therefore,
that these images come from strains caused by the polishing
pad during the mechano-chemical polishing.
References
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USING SYNCHROTRON RADIATION.
Noboru Suda", Masao Kitamura1*, Kazumasa Ohsumi2*, Keiichi Hirano2> and Tetsuya Ishikawa3)
l)Department of Geology and Mineralogy, Graduate School of Science, Kyoto University
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INTKODUCTION
Optical property of a crystal have a relationship
with crystal system. Crystals of cubic system are
optically isotropic, those of tetragonal, hexagonal
and trigonal are optically uniaxial and crystals of
lower symmetry are optically biaxial. Based on these
relationships, information on symmetry of a crystal
can be obtained from its optical property. However,
symmetry of an X-ray or electron diffraction pattern
sometimes appears to have higher symmetry than
that restricted by optical property because optical
examination is more sensitive to symmetry of a
crystal than diffraction methods. Such phenomenon
is called "optical anomaly", which is found in some
minerals. Synchrotron radiation is expected to be an
effective X-ray source for analysis of crystal system
of an optically anomalous crystal, because it have
strong intensity and small angular divergence.
Generally, emerald crystals belong to hexagonal
symmetry and are optically uniaxial. On the other
hand, some natural emerald crystals from Colombia
include rod structures which consist of (Mg, Na) rich
phase and Al rich phase. The optical properties of
both phases are biaxial. The symmetries of them
must be lower than hexagonal while X-ray
diffraction experiments of the samples using a
conventional X-ray generator show no symmetry
reduction from hexagonal, indicating optical
anomaly.
X-ray diffraction patterns of the sample taken by
the Weissenberg method with synchrotron radiation
(BL-4B) show that the sample has a lower symmetry
than hexagonal and consists of two phases whose cell
parameters are different from each other. However,
the two distinct crystal lattices can not be assigned
to two phases with distinct compositions by the
Weissenberg method, because this method does not
give any information about spatial distribution of

two phases. The purpose of the present study is to
clarify correspondence between two crystal lattices
and two phases observed under an optical
microscope, by using X-ray topography with
synchrotron radiation.
EXPERIMENT and RESULT
As an incident beam, the monochromatic X-ray
beam with small angular divergence and wave
length dispersion was obtained using double crystal
monochromator and asymmetrical collimator (BL15C). Atomic emulsion plates were used to get high
resolution images because the texture within a
crystal was fine. A sample used in the present
experiment was an emerald crystal from Colombia.
The sample sliced into 30 \im thickness, which was
perpendicular to c-axis, was set in Bragg condition
for (004) reflection. A series of five X-ray topographs
were taken, by changing Bragg angle 8 from 18.98 to
19.18 degree at 0.05 degree interval. Maximum
intensity was recorded at the 8=19.08 degree.
Fig.l(a) shows an X-ray topograph taken at
8=19.13 degree which is lower than that at peak
center. Another topograph taken at higher angle
than that at peak center are roughly reversible with
Fig. l(a) in brightness. A similar rod structures are
observed in both topographs.
Fig. l(b) is an optical micrograph of the same
region as Fig.l(a). Dark and bright parts in Fig.l (b)
are (Mg, Na) rich and Al rich phases, respectively.
The dark part in Fig.l (a) roughly correlates to that
in Fig. 1 (b). Since the dark part in Fig.l(a) which
diffracted X-ray at lower Bragg angle has the larger
cell parameter than another part, (Mg, Na) rich part
results in having larger cell parameter than Al rich
part. The conclusion is consistent with the fact that
(Mg, Na) ions have larger ionic radii than that of Al
ion.

Fig.l
(a) X-ray topograph taken at
8=19.13 degree.
(b) Optical micrograph of the same
region as (a) taken under crossed
polar.
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1. Introduction

The experiments are carried out using
synchrotron radiation from a 2.5-GeV positron
storage ring at the Photon Factory of the National
Institute of High Energy Physics in Japan. In
Fig. 1, the X-ray response data are well fitted by
our recent theory [1] in both cases at 80- (open
circles in Fig. 1) and 25-V (open squares)
biasings for the detector; in particular, a
convenient low-bias operation around 30 V
employed in ASDEX-U is theoretically and
experimentally supported by the present studies;
that is, the empirical use of the response curve
for the "fully depleted" biasing (solid curve in
Fig. 1) is proved to be available for the partially
depleted 30-V biasing (being contrary to the
conventional theory [2], but supported by our
theoretical dotted curve in Fig. 1).

Under an international cooperation, a new
semiconductor detector is characterized for the
purpose of plasma X-ray tomography studies in
the ASDEX Upgrade tokamak at the Max-Planck
Institut fur Plasmaphysik.
Such an X-ray tomography is a useful tool
for studying not only plasma electron
temperatures but the magnetohydrodynamic
behavior of tokamak plasmas. Recently these Xray studies are widely carried out using compact
sized semiconductor detectors, since these
detectors have useful availabilities of X-ray
detections under the conditions of strongmagnetic-field and high-vacuum environment.
On the other hand, the recent finding of a
contradictory evidence against the conventional
understanding of the semiconductor X-raysensitive layer (i.e. the depletion layer) cannot
help requiring to characterize such useful
semiconductor detectors precisely. Recently we
proposed a new theory on the X-ray energy
response of a semiconductor X-ray detector [1].
Therefore, it is useful to compare our theoretical
predictions with the results from the following
detailed experiments so as to construct the
universal method for characterizing
semiconductor X-ray detectors.

[1] T. Cho et al, Nucl. Instrum. Methods A348,
475 (1994).
[2] W. J. Price, Nuclear Radiation Detection
(McGraw-Hill, New York, 1964), Chap. 8.
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Introduction
The phase shift of diffracted and forward-diffracted x rays by a periodic medium is one of the
most fundamental problems for x-ray physics and
x-ray diffraction optics. However, there has been
no simple method to explore the phase shift of
diffracted or forward-diffracted x rays so far.
Here we describe a simple method using an x-ray
interferometer for investigating the phase shift in
x-ray forward diffraction [1].
Experimental
Figure 1 shows a schematic view of the experimental setup. We used a triple Laue-case xray interferometer developed by Bonse and Hart.
When the incident x-ray beam satisfies the Bragg
condition, the beam splitter (S) creates two coherent beams, and, subsequently, the mirror (M) and
the analyzer (A) recombine the interfering beams
and produce two outgoing beams (0-beam and
H-beam). We inserted a (OOl)-oriented diamond
crystal slab of 1.09 mm thickness in one of the
coherent beam paths. The diamond crystal was
adjusted near to the asymmetric Laue-case 111
diffraction condition. In the experiment the wavelength of the incident beam was chosen to be
X=0.1 nm. Monochromatic x rays were produced
by a pair of silicon (220) perfect crystals.
Results and Discussion
We measured the O-beam intensity while
rotating the diamond crystal through the diffraction condition (Fig. 2). The 0-beam intensity oscillates rapidly with respect to A6. This intensity
oscillation of the O-beam mainly originated from
the phase shift produced by the diamond crystal.

The experimental method using the interferometer described here is quite unique in that it
is sensitive to the phase shift of the forward-diffracted beam by a periodic medium. We would
like to emphasize that a wide variety of diffraction phenomena of x rays, y rays and neutrons in
crystals and synthetic multilayers can be explored
by means of this "phase-sensitive" method.
Reference
[1] K. Hirano and A. Momose: Phys. Rev. Lett.,
accepted for publication.
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flow at ca. 0.3 V due to the formation of oxide
layers.
The current
rapidly
increased
and
showed a peak at ca. 0.6 V.
Assuming the
oxidation reaction of Si to S1O2 by OH", the
oxidation proceeds by 2.5 monolayers per volt.

1.

Introduction
Thin films of Si oxide are very important
for the VLSI technologies,
especially
as
gate
oxide in MOS transistors.
Si(lll)
surfaces
terminated by hydrogen are extremely flat and
resistant to contamination.
The wet etching
process on the well-determined
surfaces
has
been extensively studied by STM1 \ but little has
been studied on the oxidation process and the
morphology of the Si-Si interfaces
in
solutions
by using in-situ methods.
Here, we report t h e
oxide formation in H2SO4 solution using
the
grazing incident angle X-ray
diffraction (GID)
method.
2.
Experimental
Hydrogen-terminated
Si(lll)
samples (p

The change in the (0,1) peak height
is
shown in Fig. 1. As the oxidation proceeds, the
intensity
for the (0,1)
diffraction
peak
is
decreased until 1.5 V, but the peak
intensity
starts to be increased again.
At ca. 3 V, the
intensity shows a plateau, and is decreased
again.
This phenomenon may be closely related
to the oxidation mechanism.
This change i n
intensity of the silicon diffraction from the Si-Si
oxide interface may be able to be explained by 1)
the
scattering
and absorption
by the oxide
layers, 2) the active area for diffraction at t h e
S i ( l l l ) interface, 3) the interfacial strain, a n d
4) the change
in the grazing
angle at the
interface.
The change in FWHM also supports
these assumptions.

doped, 0.1 £>cm, 10x10 mm 2 were prepared by
the
method
described
elsewhere* \
Before
starting
GID
measurements,
the
surface
morphology was checked in 0.05 M H2SO4 by
STM.
The cyclic voltammograms were
also
carried out. For GID, the sample was transferred
into an electrochemical
GID cell
made
from
diflon® with an RHE for the reference
electrode.
The cell was sealed using a 5.5 um-thick PET
film.
GID measurements were carried out at BL16A. The wavelength was fixed at \ = 0.1488 nm.
The detector was a PSPC with the Soller slits in
front.
After the sample alignment, the 6- 20 GID
measurements were carried out for (0,1), (1,0),
and (1,1) reflection
by rotating the
Si(lll)
sample in solution to ensure the
three-fold
symmetry at the rest potential.
The elastic peak

100
v>

with the angular width of ±0.5 ° with respect to
the grazing exit, was digitally extracted after the
data collection by PSPC.
The sample potential
was changed in the anodic direction, and the
diffraction
data
for the (0,1) reflection was
collected.
The incident angle was set at 3.3
mrad.
The shape of the incident beam was 5.0
mm in width x 0.1 mm in height.
3.
Results and
Discussion
Cyclic voltammetric curves for the Hterminated
Si(lll)
surface
in 0.05 M H2SO4
showed a small cathodic current in the dark, but
a current plateau
under
illumination
due to
hydrogen evolution.
Anodic current begins to

2
3
4
E / V vs. RHE
Figure 1
Intensity change of the (0,1)
diffraction peak at Si(lll) in 0,05 M H2SO4
against the electrode potential.
REFERENCES
1) S.-L. Yau, K. Kaji, and K. Itaya: Appl. Phys.
Lett. 66, 766 (1995).
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In Situ OBSERVATION OF ANODIC DISSOLUTION PROCESS OF p-GaAs(OOl)
IN HC1 SOLUTION BY SURFACE X-RAY DIFFRACTION
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Introduction
The STM and AFM techniques provide very useful
information for the understanding of electrochemical
reaction at the electrode surface. Although they are quite
useful to probe local atomic structure of the substrate, the
accuracy for the determination of the atomic distance is rather
limited. As far as the accuracy for the atomic distance is
considerable, surface X-ray diffraction (SXRD) technique is
superior to STM and AFM.
Control and observation of electrochemical and
photoelectrochemical
dissolution
reactions
of
semiconductor electrodes are very important in establishing
the electrochemical/photoelectrochemical etching processes
and stable photoelectrochemical cells. GaAs is one of the
most attractive semiconductor materials to be used in
various electronic devices and in dry/wet solar cells.
No paper of the application of SXRD to
semiconductor/electrolyte interface, however, has been
published expect the very recent one by Zegenhagen et al.
who reported1' the results of SXRD measurement at Cu
islands deposited on n-GaAs(OOl) surface. In this report,
SXRD technique in BL16 in PF was employed to
investigate the anodic dissolution process of the pGaAs(OOl) surface in HC1 solution.
Results and Discussion
The diffraction peak corresponding to (11) direction for
p-GaAs(OOl) electrode was obtained in 0.1 M HC1 solution.
Figure 1 shows typical result obtained from normalized high
resolution transverse (9-29) scans recorded by rocking the
(11) direction for p-GaAs(001) in 0.1 M HC1 at -0.5 V(vs.
Ag/AgCl). The diffraction intensity contains information
from both surface and bulk structures, because the incident
X-ray penetrates into the GaAs sample by several hundreds A
even when the incident angle is 0.4*. The diffraction peak
appeared every 90 degrees against <f> axis reflecting the 4-fold
symmetry of the GaAs(001). 2)
When anodic potential was applied to the p-GaAs
electrode, dissolution current flowed and the intensity of the
diffracted peaks decreased with time. Figure 2 shows the time
course of the diffraction peak intensity after the application
of +0.5 V where the steady current of 30 u.A»cm flowed
Although a very large current (several mA»cm'2) was
observed at +0.5 V in a conventional electrochemical cell,
only small current flowed in the present SXRD
measurement due to the very thin solution layer. The
intensity of diffraction peak decreased and then became
constant. This decrease in diffraction intensity indicates that
the p-GaAs(OOl) surface became rough. This result is in
good agreement with our AFM results3' on the anodic

dissolution process.

a>
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1.60 1.61
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Fig. 1 In situ SXRD characterization of p-GaAs (001) in
0.1 M HC1 solution. High resolution transverse scan
recorded by the rocking the sample along the GaAs(001)
direction.
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Fig. 2 The diffraction intensity for (11) direction of pGaAs(001) recorded as a function of time at +0.5 V in 0.1 M
HC1 solution.
References
1) J. Zegenhagen, A. Kazimirov, G. Scherb, D. M. Kolb,
D.-M. Smilgies, R. Feidenhans'l, Surf. Sci., in press
(1996).
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DEVELOPMENT OF MICRO-AREA PHOTOELECTRON SPECTROSCOPY SYSTEM
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Yoshinori Iketaki1, Yoshiaki Horikawa1, Eiji Shigemasa2and Akira Yagishita2
NTT Interdisciplinary Research Laboratories
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0ptical Research Laboratory, Olympus Optical Co., Ltd.

Photon Factory, National Laboratory for High Energy Physics
* present address: The University of Tokyo

To investigate
electronic properties of
nano-structures, such as quantum wells, we are
developing a micro-area photoelectron spectroscopy
(PES) system using a soft X-ray microbeam from an
undulator with high energy resolution and high
spatial resolution (Fig. 1). The micro-area PES
apparatus consists of apinhole slit, a Schwarzschild
objective, a sample stage, and an electron energy
analyzer. We report the wavelength-dependent
transmittance of the Schwarzschild objective and the
preliminarily evaluated microbeam size.
The Schwarzschild objective consists of convex
and concave mirrors with an Mo/Si (3.2 nm / 3.9 nm)
41 multilayer, and the spatial resolution of 45 nmwas
achieved using the Schwarzschild objective with a
laser plasma X-ray source 1 ', where the reduction ratio
is 112.
An 1-mm-diameter pinhole was used to evaluate
the wavelength dependence of the transmittance of
the objective. The photon flux incident on the
Schwarzschild objective was estimated from the
photocurrent, measured by using an M mesh. The
exiting photon flux was measured by an Au plate at
the sample position. The transmittance was
estimated by the ratio between the Au plate
photocurrent and the Ni mesh photocurrent with
quantum efficiency correction. Figure 2 shows the
wavelength dependence of the transmittance. The
maximum transmittance of this objective is 8.5% at
13.9-nm wavelength.
The microbeam size was preliminarily evaluated by
knife-edge measurement. In this case, we used an
100-nm-diameter pinhole. The intensity of the soft
X-ray microbeam was evaluated by measuring the
current from an anode using a multi-channel plate
(MCP). Figure 3 shows the knife-edge transmission
scan performed at the optimum wavelength of 13.9
nm. The size of the beam was estimated to be 1.9 nm
by the 25%-75% criterion.

r..

micro-area photoelectron
spectroscopy apparatus

undulator beamline.

Schwarachild

Fig. 1 Schematic diagram
of micro-area photoelectron
spectroscopy system.

Electron Energy Analyzer

0.00
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13.4
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Fig. 2 Wavelength dependence
of transmittance.
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Fig. 3 Knife-edge response
normalized by maximum MCP
current.

1. Y. Iketaki et al.: J. Electron Spectrosc. Re). Phenom.
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EXAFS Study of Cation Sites in In-thiospinel Compounds
Moriaki WAKAKI, * Yoshimasa HORII and *Satoshi KOMIYA
Department of Hectro-Pboto-Optics Engineering, School of Engineering, Tokai University
*Fujistu Laboratory Ltd.
In In-thiospinel compounds AJfou »[A«
„ ! » ! . . J S 4 , an anionA( typically Mg, CC Co'
Hg, Cr, Mn, Fe. Co, Ni) takes the tetrahedrai
A site or/and the the octahedral B site
corresponding to Normal(x=l), Inverse(x=O)
and Partially inverse(O<x< 1\ structures.
Hie struauai stability has oeen discussed for
these structure. 1 '^
Deformation uparameters and inversion x-parameters for
these In-thiospinel compounds have been
determined using R-factor
method for X-ray
diffraction data. o>H ' Far-infrared lattice
vibration spectra which have strong
correlation with these stra&ures
have been
measured and analyzed. ~D' For detailed
analysis for the spectra, the information about
the local distributions of cations are required.
In this study, the EX AFS was studied to
obtain the local distribution of cations,
especially Fe, Mn, Ni and Hg in In-tiospinel
compounds.
As a typical example of spinel structure, 3
types of cation distributions are investigated,
these are, HgIn2S4(Normal structure),
MnIn2S4 (Partially InVerse structure), and
FeIn2S4 and NiIn7S 4 (Inverse structure). As
the representative tase, the result of EXAFS
study in FeIn2S 4 is given and discussed.'
EXAFS measurements were carried out at
the KEK Photon Factory using the beam line
BL-17A Iron K-edge X-ray absorption
spectra of FeltuS^ were measured for the
temperature range oT 10-300K. The powdered
samples embedded in the polyethylene films
were used. Proper powder density in the film
was obtained for the absorption spectra. The
X-ray absorption spectrum at 150K is shown
in Fig. 1 and the psuedo radial distribution
function derived from the spectrum is shown
in Fig.2. The Fourier transform of the
absorption spectrum shows a strong single
peak around R=2A, which may due to the
backscattring from the neighbouring S atoms.
In the analyses, two shells model which
corresponds to the partially inverse structure
is tested, but a consistent result is not
obtained for the parameters at each
temperature. On the other hand, one shell
model which corresponds to the inverse
structure gives a better result The temperature
variation of the parameters determined
through the analysis are shown in Table I. For
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the further quantaiye analysis, EXAFS study
for reference material, FeS was also carried
out.
EXAFS studies for other types of inthiospinels(AIii2S4)' A=Hg, Mn, Ni) were
also carried out, and analyzed.
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P h o t o n Eacrcy («V)
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i». J. Iron K-ed|e X-ray absorption tpeclrum In a v» £(cV) of
FeJn,S, at 150 K.
6
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Distance R ( A )

Fit. 2 - Magnitude (solid curve) and Imaginary part (dashed curve) of
Fourie transform of k'x(k) data for Fe K-eds' of FelnjS,.
Table I , Numerical results of the BFBT for the threshhold energy
difference AE, scale factor B, Debye-Waller-like factors <T(A)rinleratomic distances R(k) and fittif indices Ft at ihe temperature of'),
150 and 300 K.

AE
B
a
R
Ft

9K

150 K

300 K

10.9678
2.0301
0.0182
2.540±0.028
0.1150

8.1333
2.1276
0.0031
2.513±O.O39
0.1075

2.9509
1.6852
0.0565
2.488 ±0.054
0.0270

1) E.J.W.Verwey. F.de Boer and J.H.Van
Santen, J.Chem.Phys. 16,1091(1948).
2) F. de Boer, J. H. Van Santen and
EJ. Verw ev, J.Chem.Phys. 17,1032(1950).
3) M.Waiaki, O.Shintani, T.Ogawa and
T. Arai, Jpn. J. Appl. Phys. 21,958(1982).
4) M.Wakaki, T.Qeawa and T.Arai, Nuovo
Cimento D 2,1809(1983).
5) M.Wakaki, Jpn. J. Appl. Phys. 24, 1471
(1985).
6)M.Wakaki, Y.Horii, K.Kovama and
S.Komiya, Jpn.J. Appl. Phys.32,SuppL323, 439(1993).
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FABRICATION AND TEST OF MULTILAYER ZONE PLATES AND BRAGG-FRESNEL LENS
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rf power of 80 W and Ac powers of ~ 2-10 W for Al and
~ 120 W for Ag. The deposition rates under this
condition, which gradually increased with consumption
and transformation of targets, were ~ 4 A /sec for Al
and ~ 8 A /sec for Ag. Under these conditions, the
layers of the MLZPs fabricated under the Ar pressure of
around 8x10 ~4 Torr wi>re the most uniform in
flatness[2].
Fig.l shows a picture of the MLZP observed by
SEM. which was manufactured under the conditions
mentioned above.
At first a 4 ^.m Ag layer was
deposited for the protection on a Si( > i substrate. Ag(
white lines ) and Al( black lines ) of about 300 layers in
total were alternately deposited on the substrate. After
depositing all the layers, a 4 uJii Ag layer was
overcoated. Designed parameters are the focal length, f
= 6 cm. X, = 1.54 A and the Bragg angle. Qs = 41.8
deg. for Oe(422) crystal. The largest layer width
around the center is 9.1 (j,m and the outermost layer
width is 190 nm. After the deposition the multilayered
plane was sliced vertically about 1 mm in thickness
One side of the plane was polished and the polished side
was glued on the Oe(422) c-rystal using epoxy resin and
then the other side of the plane was polished down to 15

Introduction
The X-ray microprobe using synchrotron radiation
is promising for analyzing spatial elemental distribution
of biological samples, or fragile materials related to
environmental studies. Among the optical devices for
focusing X-rays. Fresnel zone plates ( FZPs ) have been
shown to be most efficient in the soft X-ray region
(wavelength X>lnm). Recently, multilayer zone plates
( MLZPs ) have been developed for hard X-rays. In
manufacturing MLZP. alternating layers of two
materials are deposited upon a substrate.
The
multilayered plane or wire is sliced vertically and
thyined down to a thickness through which the layers of
the light element can transmit X-rays for the
amplitude-modulation zone plate. In order to obtain
smooth interfaces, we have fabricated MLZPs using a
helicon plasma( HP ) sputtering system operated under
a low gas pressure[l]. Furthermore we have fabricated
Bragg-Fresnel lens( BFL ) by combining the MLZP and
a monochromator crystal.
Fabrication of MLZPs and BFLs
The BFLs were manufactured by mounting the
MLZPs on monochromator crystals. The MLZP works
only as a focusing device of transmission type, but the
BFL works as a monochromatizing and focusing device
of reflection type on the other hand. The materials for
opaque and transparent layers have been determined to
be Ag and Al in the present study, since Ag and Al
have a high deposition rate in the sputtering process.
Furthermore, interdiffusion of two materials at the
interface of the layers, which is fatal in the MLMs. is
not critical in the MLZPs.
Calibration of the quartz
thickness monitors has been performed before
fabrication of the MLZPs. Ag and Al layers were
deposited on Si substrates and absolute thickness of
layers was measured using a
surface
profile
analyzer( Dektak-IIA).
The alternate deposition of the layers was
automatically carried out by a computer. The computer
ignited the discharge, monitored thickness of material
deposited, and ceased the discharge. The ignition of the
discharge was made by setting the Ar gas pressure to
5x10 ~3 Torr for the selected cathode. After the
ignition, the gas flow rate was gradually set down to the
desired rate. Then the computer manipulated the
shutter for the quartz thickness monitor, the main
shutter, and the cathode shutter in sequence. The
cessation of the discharge was clone by terminating the
gas flow. The ignition and the cessation of the two HP
cathodes were made alternately for each cathode so as
not to waste quantity of the target since it took 50 —
100 hours to fabricate one device.
The MLZPs have been manufactured under
several Ar gas pressures with the T-S distance of 15 cm.

Experimental Test
Experimental test of the BFL has been conducted
at BL-17A of Photon Factory A nuclear plate( Ilford
IL-4 ) was placed at the focal point, and the projected
line image of the source hus been recorded The width
of the line image was read out optically, and it was
found to be a few \xm in width, which is comparable to
the resolution of the nuclear plate.
References
[11M.Koike. M.Chiwaki. I.H..Suzuki and N'.Kohayashi.
Rev.Sci.Instrum.66( 1995)2141.
[2]M.Koike and I.H.Suzuki. Jpn.J.Appl.]'hys.34(1995)6754.

Fig.l One dimensional MLZP observed by SEM. Ag(
white lines ) and Al( black lines )of about 300 layers in
total were alternately deposited on the substrate
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SYNCHROTRON RADIATION ASSISTED SOLID-PHASE-EPITAXY
IN ARSENIC ION IMPLANTED LAYER OF SILICON
Yoji SAITO, Hideo IMAI, YoshihiroSUGITA*, and Takashi ITO*
Seikei University and Fujitsu Laboratory*,
Introduction
In

recent years,

solid-phase

region is an order of magnitude smaller than that in the
crystallization

of

non-irradiated part without dependence on temperature.

amorphous Si with irradiation of X-ray from synchrotron

Even if the whole power of the incident beam would be

radiation (SR) at low

changed to the thermal energy, the calculated temperature

reported! 1].

temperature( ~ 600 * C)

was

In this study, we have tried crystallization of

profile of the sample is nearly uniform in a steady state.

As implanted layer in Si and activation of As atoms at low

Therefore, it is speculated that the decrease of the sheet

temperature by irradiation of vacuum-ultraviolet (VUV)

resistance in the VUV irradiated region is mainly due to a

light from SR.

photoexcited effect.
Experimetal procedure

We obtained the spotty 1X1 RHEED pattern with

As ions were implanted into (100) oriented p-type
crystalline Si substrates.

The implantation energy was

some streaks from the sample surface irradiated by SR at
470 "C.

On the other hand, we observed only the

30keV and the dopant dose was 2 x 1015 atoms • cm 2 ,

halo-pattern from the non-irradiated region of the same

where the average implanted depth was about 44 nm.

sample.

2

These wafers were cut to a size of 10 X 35 mm .

Therefore, we have concluded that irradiation of the

Irradiation experiments were performed in the sample

VUV light accelerates the crystaiization and the the

chamber at the beam line BL-17B of the Photon Factory,

activation of As atoms in the implanted layer.

where the spectrum distribution of the VUV beam has a
peak intensity at about 10 nm.

The beam irradiated the

References

sample surface perpendicularly in a vacuum for 120 min.

[1] F.Sato, K.Goto, and J.Chikawa, Jpn.J.Appl.Phys.

The beam spot size was 1 X 1 0 mm 2 and the power density
2

was about 1 W • cm" .

The crystallization of Si and the

measurements

with

the

four-point

[2]

probe

10 6

technique and reflection high energy electron diffraction
(RHEED).

H.Imai, Y.Sugita, T.Ito, and Y.Saito, The 8th

International MicroProcess Conference, p.68 (1995).

activation process of As were investigated by sheet
resistance

30, p.L205 (1991).

Just before the measurements, the samples

were dipped in diluted HF solutions to remove the native
oxide.
Experimental Results and Discussion
Figure 1 shows the dependence of sheet resistance on
irradiation temperature for the samples irradiated in a
vacuum.

The closed plots and the opened plots are the

sheet resistance in the VUV irradiated region and those in
the non-irradiated

region,

respectively.

102

The temperature

dependence of the sheet resistance of the samples annealed

—Annealed sample
o Non-irradiated region
• Irradiated region

in the furnace is also shown as a solid line in Fig.l.

300

Increasing the temperature, the sheet resistance in either
non-irradiated region or irradiated region decreases.

This

trend is due to crystallization of the implanted Si layer and

350
400
450
Temperature [°C]

500

Fig. 1 Sheet resistance vs. annealing temperature [ref.2]

activation of the implanted As atoms by thermal excitation.
In F i g . l , the sheet resistance in the VUV irradiated
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HIGH-DENSITY LAYER AT THE SiO2/Si INTERFACE OBSERVED BY
DIFFERENCE X-RAY REFLECTIVITY
Naoki Awaji, Satoshi Ohkubo, Toshiro Nakanishi, Yoshihiro Sugita,
Kanetake Takasaki and Satoshi Komiya
Fujitsu Laboratories Ltd.,10-1 Morinosato-Wakamiya, Atsugi 243-01, Japan
Introduction
To obtain highly reliable S1O2 gate as thin as 40 A,
characterization of the interfacial structure of the grown
oxide is an important issue along with the native oxides
before oxidation. In this report, we applied the difference
X-ray reflectivity (DXR) technique to evaluate the
structure of ultrathin thermally grown oxides.fl]
r^jcperimenta]
We grew thermal oxides with the thicknesses of 40 A
and 70 A on CZ-Si(lOO). Oxides 70 A thick were grown
in three different ambient, 200 Torr O2,200 Torr O3 and
atmospheric-pressure HCI/O2, at temperatures between
800°C and 1000°C to elucidate their structural differences.
The X-ray reflectivity is measured at beamline 17C of
Photon Factory at an X-ray wavelength of 1.3A. To
obtain DXR of the thermally grown oxides, we divided
the measured reflectivity by the calculated reflectivity of
Si substrate with the same surface roughness as the
grown oxide.
J an( 1 Discussion
In the analysis, measured DXR is compared to the
single-layer model where a uniform SiO2 layer on a Si
substrate is assumed. However, the calculated DXR cannot
reproduce the measured data, especially the oscillation
phase and the intensity modulation. By the careful
analysis, we found that the two-layer model with a thin,
high-density interfacial layer precisely reproduces the
measured reflectivity. For 40 A oxides, the density of
interfacial layer and SiO2 layer was 2.41 and 2.35g/cm3
respectively with the interfacial thickness of 12-14 A.
Figure 1 shows the interfacial layer thickness versus
oxidation temperature for 70-A-thick samples. The
thickness of the layer decreases as the temperature
increases. Figure 2 shows the densities of the interfacial
layer and S1O2 layer versus oxidation temperature. The
density of the interfacial layer is almost constant at around
2.4 g/cm^ for all samples, which indicates the similar
oxidation mechanisms even in the HCI/O2 ambient.
So far, various models have been proposed on the
SiC>2/Si system. To explain the deviation of oxidation
kinetics from Deal-Grove model for ultra thin oxides, the
"reactive layer" model has been proposed.[2] The reactive
layer is defined as a thin (1-2 nm) oxide layer near the
interface as a diffusion barrier to the interstitial O2. The
strain at the interface produces a compact oxide with small
rings or the microcrystals. These can explain the observed
high density of about 2.4g/cm^ for the interfacial layer.
Then, the observed interfacial layer is possibly the direct
measurement of this reactive layer. Because the compact
oxides or crystalline phase will be quasi stable, the
population of the phase will decrease as the oxidation
temperature increases, which in agreement with die
results. The chemically active O3 or HC1 accelerates the

transition of these quasi-stable phases into amorphous
S1O2. in agreement with the crystal-truncation rod (CTR)
study of O2 and O3 grown oxides. [3]
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Fig. 1- Change in the thickness of the interfacial layer versus oxidation temperature for 70-A-thick oxides. Each symbol corresponds to the oxide grown in O 2 , O3 and HCl/Oj ambients,
respectively.
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Pig. 2. Evolution of the density of 70-A-thick oxides on oxidation
temperature. Black and white symbols represent the densities of
interfacial layer and SiOj layer, respectively. Each symbol corresponds to the oxide grown in O3 and Oj and HCl/Oj ambients,
respectively.

[l]N.Awaji et. al., JpnJ.Appl.Phys.V35, L67 (1996)
[2]A.M.Stoneham et al., Philos. Mag.B55,201(1987j
N.F.Mott eL al., Philos. Mag.B60,189(1989)
[3]I.Takahashi et. al., J. Phys.. Condens. Matter,5,6525(1993)
LTakahashi et al., Surf. Sci. Lett. 315, L1021(1994)
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IN-SITU OBSERVATION OF Al-Ti ALLOYING REACTION
BY GRAZING INCIDENCE X-RAY DIFFACTION
Yoshimasa Horii, Hirofumi Tomita and Satoshi Komiya
Fujitsu Laboratories Ltd.
10-1 Morinosato-Wakamiya, Atsugi, 243-01, Japan
Introduction
In ultra large scale integrated circuits
(ULSIs) era, device scale becomes smaller and
its performance higher. The interconnects are
required more highly current density and
smaller line-width. Aluminum is one of the
most popular interconnection metal, however
the severe problem is occurred. That is the
electro-migration (EM). To raise an EM
resistance, in ULSI fabrication process multi
layer interconnect (Ti/Al/Ti) structure is adapted.
In multi layer interconnects, Al reacts with Ti
and Al-Ti alloy is formed. It is a reason that
there are even some voids in Al, current runs
Al/Ti compound layer. We report here the x-ray
diffraction profile change of Al and Ti layer
during thermal process.

change during annealing. It means Ti reacts
with Al and Al-Ti alloy is formed. The intensity
of Al3Ti increases as the square root of the
annealing time. It indicates that this phenomena
is expressed as diffusion kinetics. We also
obtain this Al-Ti alloying reaction depends on
Cu concentration in Al. Higher concentration
Cu dosed sample promotes this reaction than
lower Cu dosed one. and annealing temperature.
Discussion on the relationship between Cu
solubility in Al and Al-Ti alloying reaction is
now in progress.

U
>

Experimental procedure
We prepare TiN(30nmyri(20nm)/Al(Cu)
(400um)/Ti(20nm)/TiN(30nm) structure on Si
substrate. Cu concentration in Al is 0.1 wt. %.
The experiment was performed at the beamline
17C of Photon Factory. The detail
instrumentation is written in another report1'.
We measure x-ray diffraction at X= 1.0A under
the condition grazing incidence angle <p=0.3°.
The thermal treatment is 430°C 300 minutes in
N 2 atmosphere.
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30 mins.

^
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60 mins.

20 mins.
5 mins.

A

>efore annealing

20 24 28 32 36 40 44 48 52 56

29
Figure 1. In-situ x-ray profiles of Ti/Al/Ti
structure. The annealing temperature is 430°C
in N 2 atmosphere.

Results
Figure 1 shows the GDCD profiles of Al/Ti
thin film depending on annealing time. Before
annealing, Ti (100), (101), TiN (111), (200),
(220) and Al (111), (200) peaks are observed.
As annealing time goes on, the intensity of Ti
related peaks is less and Al3Ti peaks are
obtained. At 30 minutes annealing, Ti peaks
disappear . The intensity of TiN peak does not

Reference
1 )Y. Horii et al., in this volume.
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NEW DIFFRACTOMETER FOR IN-SITU GRAZING INCIDENCE X-RAY
DIFFRACTION USING SYNCHROTRON RADIATION
Yoshimasa Horii, Hirofumi Tomita, and Satoshi Komiya
Fujitsu Laboratories Ltd.
10-1 Morinosato-Aoyama, Atsugi 243-01, Japan
Grazing incidence x-ray diffraction (GIXD)
is one of most useful technique to reveal thin-film
structure. We developed a diffractometer for
GIXD and used this technique to characterize
several nm thin film structure1* . However, the
observation of thin film was performed at room
temperature. Now, we develop the electric
furnace for our GIXD goniometer. We report here
the speculation of in-situ GIXD diffractometer
and the application for observation of TiSi2
silicidation process.
For in-situ observation, the electric furnace is
attached to the GIXD diffractometer. The
temperature is monitored on the surface of
sample stage. The annealing ambient is Ar, N2 or
vacuum (Table. I).
The experiment was performed with
synchrotron radiation on the BL-17C of the
Photon Factory (PF). X-ray is monochromatized
at X=1.0 A by a Si (111) double crystal
monochromator. The monochromatized x-ray
makes up a 0.1 mm (vertical) X 10 mm
(horizontal) rectangular shape and incident to a
sample under the condition (p=0.2°.
We prepared Ti thin film (30 nm) on Si
substrate. Ti film reacts with Si and TiSi2 is
formed. It has been known that there are two
different TiSi2 structures depending on thermal
condition. There are called the C49 and C54
structures. The C49 structure is a meta-stable and
high resistivity phase, on the other hand the C54
structure is a stable and low resistivity phase. The
GIXD measurement is performed at 400°C,
600°C and 800C. It takes 8 minutes for each
measurement because of scanning the detector.
Figure 1 shows the GIXD profiles during the
annealing. Before annealing, Ti (100) and
Si(220) peaks are obtained. After 400°C
annealing, the intensity of Ti (100) peak is

decayed and TiN (111) is observed. Nitrogen is
supplied from Ti surface and reacts with Ti. In
this profile, no TiSi2 peaks are not obtained. The
silicidation has not started in this temperature.
The several C49 peaks (060), (131) and (200) are
obtained after 600°C annealing. Furthermore, we
performed 800°C annealing, C49 related peaks
were disappeared and CS4 peaks (004) and (022)
are observed.
Table I. Specifications of the electric furnace of
the in-situ diffractometer.
Temperature
400-1000°C ± 1° C
Sample size
50 X 50 mm2
Atmosphere
N2,He,Ar,vacuum

Figure. 1. In-situ x-ray diffraction profiles of 30
nm Ti deposited on Si (X.=1.0A).
Reference
1)Y. Horii et al., Rev. Sci. Instrum. 66,1370
(1995)
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DUE TO PREFERRED ORIENTATIONOF C49 TiSi2
HirofumiTOMITA, Satoshi KOMIYA, Kazuto IKEDA, Yoshimasa HORII and Tomoji NAKAMURA
Fujitsu Laboratories Ltd.
10-1, Morinosato-Wakamiya, Ateugi, 243-01, JAPAN
Introduction
TiSis is one of the most important materials used
as contacts and interconnections in microelectronic
devices. TiSi2 has two phases, C49 TiSi2 and C54
TiSij. C54 TiSis is lower in resistivity and more
useful for microelectronicdevices.
We reported previously that BF2+ implantation to
Si substrates suppressed the phase transition of
TiSij fihn8 on the substrates/ 0 In this work, we
investigated the preferred orientation of TiSi2
microcrystals to explain the relation between BF2+
implantation and TiSi2 phase transition.

the 6-rotation profiles for high dosed samples. It is
probable that some C49 microcrystalsof high dosed
samples are epitaxially deposited on Si wafers.
Besides, the profile after 2nd RTA was similar to
the one after 1st RTA. This means that the C49
TiSig deposited epitaxially after 1st RTA is difficult
to transform to C54 by means of 2nd RTA. From Fig.
1., we obtain the orientational relation between
TiSiz and Si substrate as follows. C49 (10-1) // Si
(001), C49 (131)// Si (110); and C49 (10-1)// Si (001),
C49 (010) // Si (001).

Substrate Orientation

Experiment
To fabricate TiSi2 films, Ti were sputtered on
Si(001) wafers unimplanted or implanted at BF2+
dosage of2el5 (low dosed) or 5el5/cm2 (highdosed).
Sputtered Ti was 30nm in thick. Sequentially, the
1st and 2nd rapid thermal annealing (RTA) were
performed at 700 °C 30sec and 800 °C 30sec,
respectively.
We measured x-ray diffraction profiles from each
sample by GIXD method. At the angles of some
diffraction peaks, the preferred orientations were
examined by rotating samples around the axis
normal to the sample surface (6-rotation).
Result and Discussion
Figure 1. shows the 6-rotation profiles for C49
(060) diffraction peak. These profiles represent the
orientational relation between TiSiz and Si
substrate. Some peaks appears symmetrically in
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Figure 1.

9-rotation profiles for C49 (060) on

unimplanted, low- and high-dosed Si substrates after
1st RTA, and high-dosed Si substrate after 2nd RTA.

Reference
(1)PF Activity Report #12 (1994)
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X-RAY REFLECTIVITY STUDY OF NATIVE OXIDE
FORMED IN CHEMICAL TREATMENT
Naoki Awaji, Yoshihiro Sugita, Satoshi Ohkubo, Toshiro Nakanishi,
Kanetake Takasaki and Satoshi Komiya
Fujitsu Laboratories Ltd., 10-1 Morinosato-Wakamiya, Atsugi 243-01, Japan
Introduction
The current trend toward increased density of MOS
devices requires highly reliable ultrathin gate oxides as
thin as 4 nm. Native oxides around 1 nm thick formed on
Si during chemical cleaning have been increasing in
importance, not only for their sizable fraction of total
oxide thickness, but also because their characterization of
the starting surface beneath the thermal oxide grows. We
applied high-accuracy X-ray reflectivity techniques to
evaluate the thickness, density, and the surface/interface
roughness of chemically formed native oxides.[1]
Experimental
N-type CZ-Si(lOO) wafers were dipped in HF solution
to remove native oxides. The wafers are processed by
HC1/H2O2, NH4OH/H2O2, H2SO4/H2O2, HNO3, O3water and UV/O3 post-treatment. The X-ray reflectivity is
measured at beamline 17C of Photon Factory using a
grazing-incidence X-ray diffractometer at an X-ray
wavelength of 1.3A. To see the contribution of native
oxide more clearly, we defined the Difference-X-rayReflectivity (DXR) by dividing the reflectivity of native
oxide by that of Si wafer after the removal of native
oxide.
Results and Discussion
Fig.l shows the DXR of native oxides. The interference
fringes originating from native oxide are clearly visible,
with a significant difference in the fringe intensity for each
chemically treated sample. The optimization program
based on the Marquardt minimization procedure with the
reflectivity calculation according to Vidal and Vincent[2]
has been applied to extract the film parameters. These
parameters are summalized in Table.I. The thickness of
the native oxide was around 10 A. In terms of the density,
the native oxides formed by HCI/H2O2 and
NH4OH/H2O2 are less dense compared to those of
H2SO4/H2O2,03-water, and UV/03-treated oxides whose
densities are close to that of thermal oxide.
To understand the origin of this density difference, we
can use information obtained by Fourier transform
infrared spectroscopy (FTIR), where the large amounts of
silicon hydrides (Si-H) and silicon hydroxyls (Si-OH)
exist in chemical oxides, with the exception of H2SO4
and UV/03-treated chemical oxides. [3] The observed low
density of the oxides formed by HC1 and NH4OH may be
the result of a structural imperfection in SiC>2 due to the
existence of many Si-H and Si-OH bonds that results in
loosely packed native oxides. In the case of 03-water and
UV/03-treated native oxides, the oxygen radicals
effectively oxidize the weak Si-H and Si-OH bonds result
in the low-impurity, closely packed native oxides. The
reported electrical properties of ultrathin (4 nm) gate
oxides[4] indicate that the thermal oxides grown from the
dense, uniform native oxides provide high-quality gate
oxides.
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Fig. 1. Normalized reflectivity data, obtained by dividing the reflectivity of native oxide by that of HF-treated Si wafer, for various
chemically formed samples.

Table I.

Parameters used to fit the data. as andCTS.HFindicate the

surface roughness of native oxide and that of HF-treated Si
wafers, respectively, a, indicates the SiO2/Si interface roughness.
Sample

Oxide
Density
thickness
j

(A)
HC1:H2O2:H2O
NH4OH:H2O2:HaO
HNO3

H 2 SCVH 2 O 2
Oa water

UVOj/HNO,
Error

(A)

(A) (A)

11.3
10.7
12.3
10.4
10.5
14.4

2.07
2.11
2.16
2.23
2.21
2.25

2.1
3.5
3.8
5.1
4.6
3.9

3.6
3.5
3.4

3.5
3.5
3.5

3.1
3.0
3.1
2.9
3.0

±0.5

±0.02

±2.0

±0.1

±0.1

3.1

References
[l]N.Awaji et. al., Jpn.J.Appl.Phys.V34, L1013 (1995)
[2]B.Vidal et. al., Appl. Opt. 23, 1794 (1984)
[3]Y.Sugita et. al., ExtAbstr.Int.Conf. 1995 Solid State
Devices & Materials, Jpn.836(1995)
[4]S.Ohkubo et. al., Proc.1995.Symp.VLSI Tech. Dig.
of Tech. Papers, 45(1994)
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A PHOTOELECTRON-SPECTROSCOPY AND -DIFFRACTION STUDY
Han-Woong Yeom1, Tadashi Abukawa2, Yuji Takakuwa2, Takashi Shimatani,2 Yuji Mori2, Shin-ichi Fujimori1,
Tetsuo Okane1, Yasushi Ogura2, Tatsushi Miura1, Shigeru Sato1, Akito Kakizaki3, and Shozo Kono2
1

Department of Physics, Tohoku University, Sendai 980-77, Japan

Research Institute for Scientific Measurements, Tohoku University, Sendai 980-77, Japan
^Synchrotron Radiation Laboratory, ISSP, the University of Tokyo, Tokyo 106, Japan

dependent PED measurement [4].

High-resolution core-level photoelectron spectroscopy
and photoelectron diffraction using synchrotron radiation
(BL-18A) was applied to study the well-ordered surface

[1] H.-W. Yeom et al., Surf. Sci. 321, L177 (l99A);ibid

phases of 2x3, 2x2 and 4x3 induced by In adsorption on

340, L983 (I995);ibid. 341,328 (1995).

Si(001) [1].

[2] H.-W. Yeom et al., submitted to Phys. Rev. B.
[3] X. Chen et al., J. Electron Spectrosc. Relat. Phenom.,

In Ad spectra for the three phases have single components

in press.

in agreement with the dimer models of 2x3 and 2x2 but

[4] H.-W. Yeom et al., to be published.

not to those of 4x3. The surface core level shifts (SCLS's)
of Si 7p were resolved, for the first time for group-Ill
adsorption on Si(OOl). These SCLS's are consistent to the
symmetrization of Si dimers by In adsorption for 2x2 and
2x3 surfaces. For the 2x3 surface, the Si surface dimers
not bonded to In was found to be buckled (Fig. 1) [2].
The SCLS's of the 4x3 phase provide insight into the
structure of this unknown phase [2].

1.0

An extensive angle-scan photoelectron diffraction (PED)
study was performed to elucidate further details of the

0
-1.0 " 1.0
0
Relative Binding Energy (eV)

-1.0

geometrical structures for above surface phases. In Ad PED

Fig. 1. Si 2p specrta for Si(001)2x3-In with hv = 132 eV at (a)

patterns were measured at several different photon energies

normal emission (6=0*) and (b) 6=70'. Sv (S) is the surface

(hv's) of 70.9, 99.1 and 100 eV for the Si(001)2x2-In

component due to Si buckled dimers not-bonded to In (symmetric

surface (Fig. 2) and also for 2x3-In and 4x3-In surfaces.

dimers bonded to In).

For the Si(001)2x2-In surfrace, a full multiple

-ll

scattering analysis was done to give detailed structural
parameters of the surface dimer structures formed, e.g.. In
dimer length 2.84 ± 0.1 A and In-Si layer spacing 1.44 ±
0.1 A [3]. By comparing PED patterns of 2x2-In with
those of other surfaces with very similar (2x3) and different
(4x3) local structures, the local-structure sensitivity of the
low energy PED is elucidated.
In addition, a very strong angular anisotropy of
spin-orbit branching ratio was observed for In Ad levels,
whose origin are unambiguously identified by hv-

Fig. 2. In 4dy2 PED pattern for Si(001)2x2-In at hv = 100 eV.
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Angle-resolved photoeniission study of A/xTiS2
(M=Mn, Fe, Co, Ni; x=l/3,1/4)
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Takashi TERAUCHI3, Akito KAKIZAKl", Hiroshi NEGISHI0 and Masashi INOUEC
Department of Material Physics, I acuity of Engineering Science, Osaka University, Machikaneyama, Toyonaka,
Osaka 560, Japan.
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almost flat dispersion and any corresponding
Introduction
band is not observed in Fei/iTiS2 and
It is known that the physical properties of
Mn)/4TiS2. We interpret it as the bonding
transition
metal
(A/)
intercalation
state between the Ti 3dz2 and M 3JZ2 states
compounds MJ"iS2 dramatically change
composed of the ' 7 ^ " state.
with the M species and its concentration. We
have studied the valence band structures of
A/xTiS2 intercalation compounds and their
mother crystal lT-TiS2 by means of angleresolved
ultra-violet
photoemission
spectroscopy.
Experimental
The ARUPS measurements
were
performed with synchrotron radiation at BL18A of Photon Factory (PF), National
Laboratory for High Energy Physics. We
employed the photon energy of /?v=28eV.
The light was always incident onto the
surface at 45° (p-polarization). The
measurement was done by rotating the
analyzer in the plane including the FA-ML
axis.
Results
Figures la, b, c, d and e are the
experimentally derived band dispersions of
!T-TiS2, Mn^TiSi^e^TiSz.CoirtTiSiand
N11/3T1S2, respectively.
Conclusion
Dispersions of some bands are strongly
modified depending upon the individual M
species. This might be caused by the
hybridization between the S 2>p and the M3d
*'e/' states.
A new band is observed at the binding
Figures 1
energy(£B) of l.OeV in Nil/;iTiS2 and at
£'B=0.5eV in CoI/;iTiS2. This band has an
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SURFACE CORE LEVEL SHIFTS OF TEffi Si(lll)3 Xl-Ag AND Rb SURFACES
Taichi OKUDA+ Kan NAKATSLJUP, Hjmshi DAIMONf, ShigemasaSUGAr,
Akb HMURAt, Ayurai HARASAWA*. and Akito KAKEAKP
tDepartmaitcfMatmalFfysics, FkcuhycfB&neeringSaence, Osaka Unnensty, Osaka 360
points(dots) and the fitted curve(solid curve) are fairly in good
agreement in each spectrum, we needed 4 surface(broken curves)
and 1 bulk(dotted curves) components to fit the 7X7 surface

ate investigated intensiveryri-4]. The experimental study[l],
suggests that the average of the surfaces are about LQML and the

spectrum. The fitting parameters of (d) is very similar to those

surface electronic state is semiconducting. The good agreement

estimated by Paggel etaL^. As for the 3 Xl-Ag and Rb surfaces

between the results of recent band calculation |2] and our estimated

we could fit the data by 2 surface and 1 bulk components as in the 3

band structure by an ARPES measurementjl] indicates strongly

Xl-Na case[4]. Therefore there are at least 2 kinds of surface Si

the existence of the 7t-bonded chain like structure on these

atoms on these 3 XI surfaces.

surfaces. The 3X1 reconstruction on the S(lll) surface is also

The feature of positive and negative surface cote level

induced by Ag, as well as alkali metak[3]. This 3X1 surface

shifts(SCLS) of (b) compared with the bulk core level is the same as

changes reversibly to the 6X1 surface at 220PC The 3X1-Ag

that of (c). On the contrary the both surface components of (a) shift,

surface, however, has not been investigated so much compared

to higher binding energies. The different tendency of the SCLS

with the 3Xl-alkaH metal surfaces.

between the 3Xl-a1kali metal and the 3 Xl-Ag surfaces implies the
different electronic states of these surfaces.

In order to understand the nature of the 3X1 surface and the
difference of the electronic and atomic structures between the alkali

(a)Si(111)3x1-Ag

. units

metal and Ag induced 3X1 surfaces, we have performed the

- —Fit
— Bulk
•Surf

surface sensitive high resolution phctoelectron spectrosccpy of the
Si 2poore levels for the &(111)3X1-Rb and Ag surfaces as well as
the &(111)7 X7 dean surface.

Am

fll

Experimental

(b)Si(111)3x1-Rb

Si 2p core
A hv=125eV
^ l TS=73.SK

J

>l

"w
e

All the experiments were performed at the EL-18A of Photon

S

Factory. A P-cloped n-type &(111) single crystal wafer was cleaned
by a resistive heating up to 1250°C under the pressure of less than

100
98
binding energy (eV)

2 XMTUTbrr. Ag and Rb were evaporated from a spiral Wfflament
and a commercial getter source onto the sample, respectively,

100
98
binding energy (eV)
(d)Si(111)7x7
clean surface

under a pressure of 2.5 XHTTbrr The 3 XI reconstructed surface
was reaKaBd by Rb deposition onto the clean S(lll)7 X7 surface at
the substrate temperature of 500RG To realm? the 3X1-Ag surface
we annealed the substrate up to KXfC for 50 sec after depositing
Ag.

^ 1

During the measurements, sample is cooled down to less than

C

100K to reduce phonon broadening effect and achieve high energy
resolution measurement.
Results and Discussion

100
98
binding energy (eV)

Figure 1 shows the results of the surface sensitive photoelectron

100
98
binding energy (eV)

spectaeocpy of the Si 2pcore for (a) the 3 Xl-Ag ,<b>-Rb, and (c)-Na

Figure 1 Si 2pcore level spectraof (a)theSi(lll)3Xl-Ag,<b)3X

(whichwaspiBvicusfynieasuredatnx]mterriperature(R.T.)pip

l-Rb,(c)3Xl-Na, and (d)7X7 surfeces.

as

well as that of (d)the dean 7 X7 surface. Seeing the spectrum of (d)
we can see some new shoulders (indicated by arrows) compared

[lJKSakamcto etal., PhysJtevJB 50,1725 QS&1).

with the R.T. spectrum(4] because of the reduction of the phonon

|2]S.C.Eiwin, Fhy&RevLett75,1973 (1996).

broadening effect These spectra were fitted with non-linear least

[3]G.lj3Lay, SurfSo.132,169 (1983), andreferenceslisted therein.

squares method using several doublet components convoluted by

rlfr.Okuda etal., SurfScL321,105 (1994).

Gaussian and Lorentzan functions. The experimental data

|5]JJPaggel etal. ,PhysItev.B60,18686 (1994).
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CRYSTALLOGRAPHIC ANALYSIS OF HYDROXYLAMINE OXTOGREDUCTASE
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Taketomo Fujiwara,, Yoshihiro Fukumori and Nobuo Tanaka
Department of Life Science, Tokyo Institute of Technology, Midori-ku, Yokohama 226
Introduction
The autotropic
bacterium N itrosomonas
europaea acquires energy for growth by the
oxidation of ammonia to nitrite. Hydoxylamine
oxidoreductase (HAO) catalyzes the oxidation of
hydroxylamine to nitrite0, and is composed of
three identical subunits (63kDa). The subunit
contains eight hemes per subunit which participate
in catalytic function and electron transport The
electrons released in this reaction are partitioned to
ammonium monooxygenase and to tile respiratory
chain. We have carried out crystallographic studies
to elucidate the relation between the three
dimensional structure and the functional properties
of HAO.
Experiments and Results
Crystallization of HAO was performed by the
vapor diffusion method using ammonium sulfate as
precipitant The space group was P6, with cell
dimensions a = b = 96.2A, c = 2 6 5 . 6 A and with
two subunits per asymmetric unit, however the
distribution of intensities was pseudo P6,22. The
self-rotation function calculation based on the data
set indicated the presence of a local twofold
symmetry axis and apparent higher symmetry axis
parallel to crystallographic axis. The isomorphous
R-merge among the data set was variant
Additionally, when using multiple isomorphous
replacement methods, heavy-atom cross vectors
between positions related by the pseudo higher
symmetry operation was absent These facts
suggests that the crystal suffers from the twinning.
By applying the Britton's method2', the estimation
from the observed intensities gave a rough
twinning fraction for each data set The data were
deconvoluted using these proposed twinning
fractions. The resultant intensities showed that
higher symmetry peak disappeared in the
serf-rotation map and in the cross difference
Patterson map, and that isomorphous R-merges
among the data set were improved. From these
results it was determined that the crystal specimen
was hemihedrally twinned.
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Twinning will be arisen as a result of anomalous
crystal growth. We tried to refine the condition for
the crystallization. The observation of the
crystallizing process pointed out that the crystal of
HAO was caused by the crystal growth from two
very fine crystals which was exactly orientated each
other in the opposite direction, by which the crystal
was composed of two twin domains. Then, we
performed to collect the untwined data set from the
uniform particle by using the high focused
syncrotron radiation beam. The diffraction data
were collected at Beam Line 6A of Photon Factory
using screenless Weissenberg camera for macro
molecule3'. The estimation of the twinning
indicated that those data set was contributed from
the entire independent domain. Two data sets
which were collected at the both tips of an identical
crystal were related with two fold symmetry
perpendicular to the crystallographic c-axis. That
is, two data sets became isomorphous with axis
transformation from (hkl) to (kh-l). (Table. 1)
Table. 1 merging statistics
R-merge
R-iso before axis
transformation
R-iso after axis
transformation

data!

data 2

6.2%

7.1%
45.1%
5.1%

Two heavy atom derivatives were prepared by
soaking in lmM Hg2ACj and 1.4mM K2PtCl4,
respectively. The heavy-atom binding sites were
confirmed by both isomorphous and Bijvoet
difference Patterson map. Now, the structure
determination by MIRAS method is in progress.
References
1) Hooper, A. B. et al. (1965) / . Biol. Chem.
240, 40444057
2) Britton, D. (1972) Acta Cryst., A28, 296-297
3) Sakabe, N. (1983)7. Appl. Cryst. 16,542-547
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Introduction

frame of diffraction pattern was taken at the crystal
rotation of 5.5°. Diffraction patterns ranging over the
double of independent area, including mirror-related
Bijvoet-pair reflections, were recorded on a total of 11
frames for each data set. All the frames were processed
with the program WEIS, and scaled and merged with the
programs ROTAVATA and AGROVATA of the CCP4
program suite. Data collection statistics are summarized
in Table 1.

Sulfolobus sp. strain 7 is a thermoacidophilic
archaeon which grows optimally at pH 2.5-3.0 and 7580°C. The Sulfolobus ferredoxin molecule consists of a
polypeptide of 103 amino acid residues and two ironsulfur clusters. The primary structure of the Sulfolobus
ferredoxin is distinct from those of bacterial ferredoxins
in two regions; the Sulfolobus ferredoxin has the Nterminal extension of about 40 residues and the insertion
of about 10 residues in the middle of the polypeptide
chain. We have determined the crystal structure of
ferredoxin from Sulfolobus
sp. strain 7 at 2.0 A
resolution. In the course of structural analysis, we
discovered a novel zinc binding center, which had never
been found in ferredoxins.

Results and Discussion
The Bijvoet-difference Fourier maps for the two
wavelengths were calculated at 5.0 A resolution using
phases obtained from the parameters of the model
excluding the zinc ion. Zinc displays significant
anomalous scattering effects at the wavelength of 1.275
A, and has little anomalous scattering capability at the
wavelength of 1.290 A. Iron displays some anomalous
scattering effects at both wavelengths. The map at the
wavelength of 1.275 A showed three peaks. Two of
them were equivalent to the Fe-S clusters, and the other
one appeared at the same position as that of the highest
peak uninterpreted in the electron density map of the
native ferredoxin. The map at the wavelength of 1.290 A
showed only two peaks at the positions of Fe-S clusters.
Consequently, the highest peak uninterpreted in the
native electron density map was identified with the zinc
ion. The zinc ion was added to the model and involved in
further refinement.
The model was refined with the molecular
dynamics program X-PLOR using a slowcool protocol
(3000K to 300K). At present, the refinement of the
structure model consisting of 103 amino acid residues,
2[3Fe-4S] clusters, one zinc ion and 31 water molecules
has resulted in residual of R = 0.173 for 5,008
independent reflections (Fo>3aF) within 8.0-2.0 A
resolution. The rms deviations from ideal bond lengths
and bond angles are 0.011 A and 1.768°, respectively.

Experimental
The Sulfolobus ferredoxin was crystallized by a
batch method using ammonium sulfate as a precipitant.
The crystals belong to the tetragonal space group P43212
with cell dimensions of a = b = 50.12 A and c = 69.52
A. The structure was determined by the isomorphous
replacement method for the uranium and platinum
derivatives, supplemented with anomalous dispersion
effects from the iron atoms of the Fe-S clusters as well
as the uranium atoms in the derivative. In the cource of
model building, there was one high density peak left
uninterpreted in the inside of the molecule. Since three
histidines and one aspartate were distributed in a
tetrahedral coordination geometry around the peak, the
electron density peak was supposed to be attributed to a
divalent metal cation such as Zn 2+ .
The identification of the metal ion was
performed using anomalous dispersion effects
characteristic for the metal. Two X-ray wavelengths of
1.275 A and 1.290 A, before and behind the zinc
absorption edge (k = 1.283 A), were selected to enhance
and diminish anomalous dispersion effects, respectively,
using a tuneable synchrotron radiation source. The
diffraction data were collected on a screenless
Weissenberg camera with Fuji imaging plates at the
BL18B station of the Photon Factory, National
Laboratory of High Energy Physics, Tsukuba, Japan.
The crystals were mounted with the crystallographic c*
axis parallel to the spindle axis of the camera. The radius
of film cassette and the size of imaging plates were 429.7
mm and 400 x 200 mm, respectively. The ratio of
rotation angle to cassette movement was 2.07mm. One

Table 1 Statistics of Data collections
Wavelength
1.275 A
1.290 A
Resolution limit
3.0 A
3.0 A
2,264
Observed reflections
3,107
Independent reflections
711
881
Completeness
48.8%
50.8%
(at 5.0 A)
(87.4%)
(89.6%)
6.5%
5.9%
^meree
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Data to 4 A resolution were included in the
molecular replacement calculation using the program
Amore(6). The cross rotation function, using each
ATP synthase plays a central role in energy
of the bovine subunits as a search model(7), gave
conversion in mitochondria, chloroplasts and
bacteria, generating ATP from ADP and inorganic
the highest peaks for the PE and ocTP subunits. A
phosphate using energy derived from a transcross rotation function using both (3E and otTP
membrane electro-chemical potential. Fl-ATPase
subunits as the complete search model was
(Fl), with a subunit composition a3p3y5e, is the
calculated. The translational search, and the
catalytic component of the membrane-bound ATP
subsequent rigid body refinement gave a final R
synthase.
Fl from various sources share common properties factor to 43.3%.
such as subunit stoichiometry, and molecular weight
Refinement
values for the subunits and for the whole molecule.
Fl from a thermophilic bacterium PS3 ( T F l ) has a
Using XPLOR-3.1(8), further rigid body
molecular weight of 385,000, with a subunit
refinement
was performed breaking the subunits
composition of a3p3y5e(a,55,000; p\52,000; y,
into
domains
and, where necessary, secondary
32,000; 8,20,000; e,14,000). An overproducing
structure
elements,
which reduced the R-factorto
system and purification methods for the subunits
40.6
%.
Subsequent
conventional refinement used
was established(l).
An a 3 p 3 sub-assembly of Fl has only been
XPLOR-3.1. A 7 residue insertion in the P subunit
characterized for the thermophilic bacterium
(starting residue 36 Ala) was arbitrarily modelled
PS3, and is apparently unstable when derived
initially, but following refinement the correct
from other sources. It is an active complex with
conformation was very clear in the electron density
20-25% of the ATPase activity of intact Fl and
map. Further refinement is in progress.
has similar catalytic properties, in particular a
cooperative ATPase activity and a similar
References
substrate specificity for nucleotide triphosphates.
However, its ATPase activity is not inhibited by
DShirakihara, Y., Yohda,Y., Kagawa, Y . ,
azide and is less sensitive to the presence of
Yokoyama, K. &Yoshida, M. (1991) J Biochem.
divalent cations.
109, 466-471.
In this report, we describe an x-ray analysis of
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the crystals of the a 3 p 3 complex.
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3)Shirakihara,Y., Ueda,T.,Sekimoto,Y.,
Morimoto.Y., Yoshida,M. & Saiga,K.
(l993)Photon Factory Activity Report ,11,387.
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2.6A3 / dalton is obtained, which is consistent with
values for other protein crystals.

Introduction
Arginine deiminase (AD) (EC 3,5,3.6) catalyzes the
hydrolysis of L-arginine to L-citruline and
ammonia. AD is a homo-dimer with apparent
molecular weight of 90,000 Dalton. This enzyme is
extracted from various microrganisms. L-arginine
is an essential nutrient for most mammalian cells and
is utilized as a major non-glycotic metabolic energy
source in Mycoplasma. The very low
concentrations of AD purified from cell extract
showed a potent in vitro growth-inhibitory activity
against mouse and human tumor cell lines(l).
Moreover, M.arginini-derived AD retarded the
ascitic growth of some tumor cell lines in mice and
prolonged their survival times.

Data collection at Photon Factory

Using a laboratory x-ray system, native data set had
been collected to a resolution of 3.0 A. For higher
resolution data, native data sets to 2.4 A resolution
were collected at BL18B, using Sakabe camera with
430 mm film casette. Both rotation and Weissenberg
mode of data collection were tried, though the latter
was favoured due to fewer shots by a factor of 3 to
cover 180 degree rotation necessitated by the
symmetry of the crystal. For rotation mode, one
exposure had 3 degree rotation and 30 second
exposure time. For Weissenberg mode, 10 degree
and 2 minutes with a coupling constant of 2.
Crystals were stable enough for a total 180 degree
A high-level production system for Mycoplasma.
AD using Kcoli has been established (2). In short, rotation where a complete set of reflections was
obtained. Two derivative data sets, ethyl merury
AD gene is expressed as inclusion bodies with an
expression level of 20% . The inclusion bodies are chloride and methyl mercury chloride, were
solubilized with 6M guadinine hydrochloride under collected in Weissenberg mode with similar
reducing conditions, and renaturation is performed parameters for the native data sets to a resolution of
3 A.
by dilution method at pH 7.5 and 15°C for 90 hr.
The renatured form is then purified highly by ionexchange and arginine-affinity columns. The
Data Analysis
purified recombinant protein shows the same
enzymatic properties as the native enzyme.
Both DENZO and our version of WEIS were used
Availability of large amount of highly purified
for analysis of the Weissenberg data. The
protein preparation prompted us to carry out x-ray
modification of WEIS was described previously (3).
crystallographic analysis of AD.
The collected intensity by either program was
evaluated using rotaprep, scala, agrovata in CCP4
In this report, we describe an x-ray analysis of
program package(4). The analysis is in progress.
the crystals of arginine deiminase from
Mycoplasma. arginini.
References
Crystallization

l)Miyazaki,K., Takaku,H., Umeda, M.,
Fukita,T.,Huang,W., Kimura, T., YamashitaJ. &
Crystals of AD were grown by batch method. The Horio.T. (1990) Cancer Res. 50, 4522-4527.
30^1 mother liquor contained 10-15 mg AD ( 50
2)Misawa,S., Soshima.M., Takaku, H.,
mM Tris-HCl (pH 8.0)), 0.5 M NaCl and 10-15 % Matumoto,M. & Hayashi, H. (1994) /.
polyethylene glycol 6000. The crystallization setup Biotechnology 36,145-155.
was placed at 15°C. Large Plate crystals with
3)Shirakihara,Y., Ueda,T.,Sekimoto,Y.,
typical dimensions 1.0 mm x 1.0 mm x 0.4 mm
Morimoto.Y., Yoshida,M. & Saiga.K.
grew in 2 weeks. The crystals are PI, with cell
(l993)Photon Factory Activity Report ,11,387.
dimensions a=79.8 A,b=47.7 A,c=72.3 A,
4)Collaborative Computational Project,Number 4
ot=9O.2°, p=l 13.3° and Y= 103.5°. Assuming one (1994) Acta Cryst. D50.760-763.
AD molecule in an asymmetric unit, a value of Vm=
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Introduction
moiety. These results show that the binding of
the adenine moiety cause the conformation
change.
3-Isopropylmalate dehydrogenase (IPMDH;
E C . 1.1.1.85) is involved in the biosynthesis of
The structure of the complex with IPM was
leucine
and
catalyzes
the
following
closer to that of the ligand-free IPMDH than to
dehydrogenation and decarboxylation reactions
that of the complex of IPMDH with ADP-ribose.
In fact, unlike the complex with ADP-ribose,
in the presence of a divalent cation such as Mg^+
there
were no significant deviations from the
or Mn2+.
ligand-free
enzyme, even at the binding site. The
We report here on the conformation change
manganese
ion was bonded to Asp241, Asp245
of IPMDH induced by the cofactor binding, as
and
Asp217,
and the interactions between the
well as the effect of binding of the substrate,
protein
moiety
and IPM involved Leu91, Arg94,
based on the results of X-ray crystallographic
Leu
134,
Arg
132
and Arg 104.
analysis of IPMDH in complexes with ADPArg132
ribose and with 3-isopropylmalate (1PM).
Asp245

Materials and Methods
Aig94

Tetragonal crystals of IPMDH-ADP-ribose
which were suitable for diffraction studies, were
grown similarly in 10 mg/ml IPMDH and 3.6 M
sodium formate and 5mM ADP-ribose. The
crystals had a space group of P2i2i2j with unitcell dimensions of a = 72.9 A, b = 80.0 A and c
= 154.4 A. Crystals of the 1PMDH-IPM
complex were obtained by soaking crystals of the
enzyme in 20 mM Tris-HCl buffer, pH 7.5, that
contained 5 mM 1PM, 0.1 M MnCl2 and 1.5 M
ammonium sulfate for 24 h.

Leu90

—•
LY81851
Leu91
Glu87

Results and Discussion

Fig. 1 A schematic representation of the IPMbinding region of IPMDH.

The crystals of the complex of IPMDH with
ADP-ribose had a different space group from the
crystals of the ligand-free IPMDH and of
engineered enzymes that have been analyzed to
date in the crystalline state. The final R-factor
and completeness for the ADP-ribose IPMDH
complex were 0.15 and 86.7%, respectively.
These values are improved over the result for the
NAD-IPMDH complex. These data suggest
that the ADP-ribose IPMDH complex is more
stable than the NAD-IPMDH complex. The
r.m.s. deviation among ligand-free enzyme,
NAD- and ADP-ribose complex was less than
0.7 A. After the formation of ADP-riboseIPMDH complex, the loop, between 272nd and
287th, was closed and the movement allowed
Asp278 and Leu279 to bind with the adenosine

The IPMDH-IPM complex might adopt a
different (closed) conformation from ligand-free
state with a different packing in crystals and
might be successfully crystallized by using a
technique such as cocrystallization. Efforts in
this direction are in progress.
References
1. Imada, K.etd.,J. Mol. Biol. 222, 725-738
(1991)
2. Kadono, S. et al., J. Biochem. 118, 745752(1995)
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Introduction
Comparison studies of enzymes that catalyze
reactions on closely related substrates may
provide valuable information related to substrate
specificity. Isocitrate dehydrogenase (EC
1.1.1.42; ICDH)
and
3-isopropylmalate
dehydrogenase (EC 1.1.1.85; IPMDH) are
suitable examples of such enzymes since they
catalyze the dehydrogenation of similar
substrates. ICDH operates in the citric acid
cycle and is involved in the synthesis of
glutamate. The enzyme produces 2-oxoglutarate
and carbon dioxide from 3-isocitrate (IC) with
protonation of the NADP+. IPMDH is an
enzyme in the leucine biosynthetic pathway and it
catalyzes
the
dehydrogenation
and
decarboxylation in the conversion of 3isopropylmalate (IPM) to 2-ketoisocaproate, with
the reduction of NAD + .
The difference between the two substrates is
found at the third position of the main chain:
there is a carboxylmethyl group in IC and an
isopropyl group in IPM Hence, a similar type of
binding of their respective substrates can be
expected for ICDH and IPMDH. A comparison
of the amino acid sequence of ICDH from T.
thermophilus with those of ICDH from E. coli
and IPMDH from T. thermophilus revealed an
overall similarity of 37% and 33% respectively.
The major differences between ICDH from E.
coli and from T. thermophilus are found at the Cterminus of the latter enzyme where there is an
additional amino acid sequence of 78 residues.
The additional sequence may have a specific
domain that contributes to the solubility of the
enzyme.
Results and Discussion
ICDH from T. thermophilus is a dimeric
protein of molecular weight 115,000, with a pi
of 5.5. The enzyme is very stable and is resistant
to exposure to high temperatures and denaturing
reagents.
Attempts to crystallize ICDH were made
using the hanging drop vapor diffusion method
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with ammonium sulfate as the precipitant
Crystals suitable for X-ray experiments were,
however, obtained by the hanging drop vapor
diffusion method in 100 mM Tris-HCI buffer
with 10% (w/w) polyethylene glycol 6000. Ten
ft\ of a solution of 15 mg/ml protein in 100 mM
Tris-HCI, pH 8.5, containing 5% polyethylene
glycol
6000, were equilibrated against a
reservoir solution that consisted of 100 mM TrisHCI, pH 8.5, plus 10% (w/w) polyethylene
glycol 6000. We obtained orthorhombic crystals
which grew to about 0.6 x 0.6 x 0.3 mm-*
within a month at 15' C. Those diffracted up to 3
A resolution. Analysis of several oscillation
photographs by the PROCESS program
indicated that
the ICDH crystal was
orthorhombic, with the 1222 or I2i2]21 space
group. The unit cell dimensions were a = 100.1
A, b = 150.4 A, c = 87.4 A. The Vm value was
calculated to be 3.03 A /Da, on the assumption
of one subunit per asymmetric unit, with a
molecular weight of 54,200. We collected
diffraction data up to 2.5 A resolution using a
Weissenberg camera at BL-18B in the Photon
Factory. The data had an R-merge of 8.9% and
completeness of 73%. Determination of the
structure of the enzyme by the molecular
replacement method is now on the way.
References
1. Stoddard, B. L et d., Biochemistry. 32,
9317-9322(1993).
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Introduction
Nitrile hydratase (NHase) [EC 4.2.1.841 catalyzes
hydration of various nitrile compounds to the
corresponding amides. NHase from Rhodococcus
sp. N-771 contains a non-heme iron center at the
catalytic site and consists of a heterodimer (a and B).
Both subunits have a molecular weight of about 23
kDa. This NHase exists both in active and inactive
forms.
The inactive NHase is immediately
activated by light irradiation and changes to the
active form. Noguchi et al. showed that the
inactive NHase intrinsically possessed nitric oxide
(NO) molecule bound to the non-heme iron center
and that the bound NO was affected by light
excitation,
using
Fourier-transform
infrared
spectroscopy '. We found that the non-heme iron
center, which was responsible for the photoreaction,
was present on the a subunit ' \ In this study, we
describe the crystallization and the preliminary
characterization of crystals of NHase.

crystals that were thought to be identical to the
orthorhombic crystals as shown above. We used
these twinned crystals as seeds and tried
microseeding method in the presence of organic
solvents. The quality and the reproducibility of the
crystals were improved drastically. The crystals
grew up to an approximate size of 0.2x0.2x0.2 mm
in the presence of 3 % (v/v) dioxane (Fig. 2). The
crystals are orthorhombic, space group P2,2j2, with
cell dimensions 2=116.9A, 6=146.5A, c=52.lA.
Assuming two NHase molecules in an asymmetric
unit, a value of Vm=2.4 A /Da is obtained.
Data collection
Diffraction experiments of the orthorhombic
crystals were carried out at the beamline 18B using
Sakabe's Weissenberg camera with 430 mm film
cassette (X=1.00A, at room temperature) '. The
crystals were mounted with the c-axis parallel to the
spindle axis of the Weissenverg camera.
Diffraction patterns were recorded on large imaging
plates (Fuji Film, 400x800 mm ) and digitized on
drum scanners developed by Sakabe's group.
84,621 independent reflections up to 1.7 A
resolution were collected and processed using WEIS
programs \ The data gave an overall R^,ergf of
5.9/ %. Searching for heavy atom derivatives is in
progress.

Crystallization
The inactive form of NHase, which is more stable
than the active form, was purified, crystallized, and
the preliminary data were taken as described
previously .
The crystallographic parameters
were determined as follows: orthorhombic P2/2j2
with a=l 17.4A, fr=145.7A, <^52.lA. The native
data up to 2.2 A resolution was collected and a
preliminary survey of heavy atom derivatives had
been performed ' .
It was found that the
reproducibility of this crystal was not enough and
the disorder along the c-axis made crystal quality
low. We tried to improve the purification procedures
and to reinvestigate crystallization conditions for
better crystals.
After the survey of crystallization conditions, we
have obtained new hexagonal crystals with high
reproducibility. The crystals have been made by
the vapor diffusion method with 40 % saturated
ammonium sulfate in 20 mM HEPES/NaOH, pH 7.0
and 25 mM ZnCl2, at a protein concentration of 45
mg/ml. The crystals grew up to an approximate
size of 0.1x0.1x0.8 mrr? (Fig.l) and diffracted Xrays up to 5 A resolution at room temperature.
They belong to the hexagonal system with cell
dimensions of «?=6=289 A , c=69 A .
These
hexagonal crystals were easily damaged by X-ray
radiation. Tnerefore, we tried to collect diffraction
data at low temperature (100K) using a nitrogen gas
stream low temperature device of Oxford
Cryosystems and a new crystal mounting device
developed by Nakasako et at. that was made from a
capillary tube \ In the preliminary study, we could
collect diffraction data up to 3 A resolution with
Raxis-Hc at RIKEN and the crystal did not seem to
be damaged after data collection for 1 week long.
Because these crystals did not show high
resolution reflections and they had very long cell
dimensions toward a-axis, we further investigated
the crystallization conditions of NHase. In the
same condition, we also got the highly twinned

We thank stuffs of the Photon Factory especially
Prof. Sakabe of Tsukuba University and Drs.
Watanabe and Suzuki of the Photon Factory.
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Fig. 1 The NHase crystal (hexagonal type),
represents lOOum
__

Bar

Fig. 2 The NHase crystal (orthorhombic type),
represents 100|xm

Bar
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Introduction
Debranching amylases are devided into isoamylase
(glycogen 6-glucanohydrase, EC 3.2.2.1.68) and
pullulanase (pullulan 6-glucanohydrase, EC 3.2.2.1.34).
These enzymes catalyze the hydrosis of the a -1-6glucosidic linkages specifically in a. -glucans such as
amylopectin, glycogen or pullulan. In the sequence of
isoamylase. there are three regions that are homologous
with those conserved in a -amylases 1 '.
In order to understand the substrate specificity and
catalytic mechanism of isoamylase. we have started the
crystal structure analysis of Pseudomonas isoamylase
from Pseudomonas amyloderamosa®.
Exoerimantal
Pseudomonas isoamylase was crystallized by
dialyzing 2.0% protein solution against 0.6M
ammonium sulfate solution at pH 4.8. The crystals
belong to orfhorhombic space group P2i2i2i, with the
cell dimensions of a =138.8A b =152.7A c =53.6A.
Assuming two molecules in the asymmetric unit, the
volume per unit mass, Vm is 1.78 A3/dalton, indicating a
solvent content of 31%. A heavy atom derivative crystal
was prepared by soaking in 5mM KsPtCU .
The intensity data collection for the native and Ptderivative crystals was carried out with the Sakabe's
Weissenberg camera 3 ' at BL18B station with the
imaging plates. The experimental conditions were
summarized in Table 1. The exposed image in the
imaging plates were digitized with a Fuji BAS-2000
analyzer at Photon Factory. The integrated intensities
were evaluated using the WEIS program system4'.

native data was 0.22 in R-factor( in IF | 2 ) after scaling.
The difference Patterson functions were calculated at 6
A resolution. One of the Harker section is shown in
Fig.l. At the present stage, two possible positions of Pt
atom were located from the difference Patterson.
We are now continuing preparation of other heavy
atom derivatives to solve the structure by the multiple
isomorphous replacement method.
We would like to thank Prof.N.Sakabe and
Dr.N. Watanabe for their kind help in data collection.

W=l/2

1/2

U

1/2

Table 1. Experimental conditions
Wavelength(A)
Collimator(mm)
Radius of cassete(mm)
Oscillation angle/IP(deg)
Overlap of to(deg)
Coupling constant(deg/mm)

Fig.l. Difference Patterson map in the Harher
section(W=l/2) of Pt-derivative at 6.0 A resolution.

1.0
0.2
429.7
5.0
0.5
1.0

Reference
l)Amemura,A., Chakraborty.R., Fujita.M.. Noumi.T. &
Futai,M, J.Biol. Chem., 263. 9271(1988)
2)Harada,T., YokobayashLK. & Misaki.A., Appl.
Microbiol., 16, 1439(1968)
3)Sakabe,N. J.Appl.Cryst.16, 542(1983)
4)Higashi,N. J.Appl.Cryst. 22, 9 (1989)

Results
The intensity data sets to 2.8 A resolution of the
native crystal were reduced to 24,642 unique reflections
with merging R-factor 0.91. The intensity data of Ptderivative crystal contains 43,391 unique reflections to
2.5 A resolution with merging R-factor 0.72.
The change of intensity of Pt-derivative from the
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Introduction
Although natural organisms live in various
temperatures, structure analysis of protein,
which isolated from those organisms, has been
achieved only in limited temperature. It is
because the crystallographic method requires the
crystals. Normally, those structure analysis has
been done in the room temperature and the more
low temperature such as 150K, 100K. Those
methods arc called as a cryogenic crystallography.
Structure analysis al a high temperature is rather
difficult due to the increase of heat energy at that
temperature.
However, to see the protein
structure at the optimal temperature of the its
activity, we need a structure at that temperature.
As realistic trial, we developed a temperature
jumping system which coupled with the Lauc
photography with a cooperation of Photon
Factory.

study was 3-isopropyl malate dehydrogenase
(IPMDH). The enzyme has an optimal
temperature at 330K.
Results and Discussion
In order to establish the study, it is required the
stable Laue photographic system. The beam
line 18B permitted us a fine Laue system. The
IPMDH crystal was mounted c* axis parallel to
the spindle, then white X-ray had been input to
take Lauc photograph with and without the Laser
irradiation. AS shown in the Figure 1, Lauc
images arc recorded on a large IP. The image had
been digitized by a IP reader. The recorded
intensities are indexed by a PF home-made
system INDEX, then those are integrated by
INTLAUE. Several corrections were applied
on the integrated intensities. Final statistics arc
given in Table 1.
Table 1 Summary of data collection.
Native
Items
T-jump
Cell constant 'A
a=b=78.4
a=b=78.4
(P3221)
c=156.5
c=156.5
Resolution /A
2.25
2.25
0.85 - 2.35
0.85 - 2.35
A range Ik
11
9
Rm/%
Used range/A
6.0 - 2.35
6.0 - 2.35
No. of Reflection
12,415
12,532
Completeness /%
43
43
19.1
18.6
R-factor /%

Table 2 r.m.s.d. difference In the structures
Items
Dimmer Domain 1 Domain 2
0.23
0.17
C o atom
0.21
All atoms1
0.61
0.72
0.43
1
Except hydrogens

Fig. I An image of Laue photograph.
Materials and methods
To put a heat energy to a protein crystal, we used
a YAG laser oscillator. Laser irradiation of a
crystal is coupled with white X-ray shot through
a shutter controller system. The proposed link is
time dose lower than 10 mS. Crystal used in this
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After refine a structure of IPMDH, we found
many residues on the surface of the molecules
move accordingly to the temperate jumping,
Table 2. However we have to improve the
following points, shorten the time of temperature
jump and also the exposure time of X-ray,
development of crystal mounting system to avoid
the decay of crystals.
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M/M101A) showed very clear peak. The MAD
phases were calculated using data from only the
above single mutant to 2.2A,and the overall figure
of merit was 0.433 for 5161 reflections. The
program O and X-PLOR was used in building the
atomic model and refinement The present
crystallographic /{-factor at 2.2A resolution is
0.197 for 94.7% of the expected data between 5 to
2.2A without solvent molecules. The r.m.s
deviations from standard values of bond lengths
and angles are 0.015A and 1.7°, respectively.

Introduction
The macrophage migration inhibitory factor
(MIF) was the first lymphokine discovered. It was
originally identified by its ability to prevent the
migration of guinea pig macrophages out of a
capillary tube in vitro. Since then, the expression
of MIF activities has been found in a variety of
inflammatory loci, suggesting a role as a mediator
in regulating the function of macrophages in host
defenses. More recent reports show that the role of
MIF extends beyond the immune system.
Crystallization
MIF from rat liver has 114 amino acids and a
molecular weight of 12.3kDa. Crystals of rat liver
MIF were grown by the hanging drops vapor
diffusion method at 18°C. The reservoir solution
contained 1.6M ammonium sulfate, 0.1M MES
(pH6.5) and 10% dioxane. The crystals belong to
hexagonal space group P63 with unit cell
dimensions of a=6=61.8A and c=53.4A. An
asymmetric unit contains a single polypeptide chain
of MIF. We prepared a series of selenomethionyl
(Se-Met) proteins by site-directed mutagenesis
which contain one, two or three selenomethionines
in a 114 single polypeptide chain of rat MIF. AH
Se-Met proteins crystallized in the same unit cell.

The protein forms a trimer in the crystal by
inter-subunit |S-sheets(Fig. 1). Each monomer
consists of two /3a/3 motifs aligned in quasi twofold symmetry and makes a domain of a fourstranded mixed jS-sheet and two antiparallel ahelices. An extra /3-strand which is almost
perpendicular to other /S-strands joins to the /Jsheet of the neighbouring monomer in the trimer.
The overall shape of the MIF trimer is cylindrical
with approximate dimensions of 54A in diameter
and 38A in axial length. Unexpectedly this
structure is similar to one kind of isomerase(l, 2).

Diffraction data collection
Multiwavelength anomalous diffraction (MAD)
data were collected for all mutant proteins as well as
for native ones. AH diffraction data sets were
collected from one crystal each on BL18B at the
Photon Factory. Diffraction data were recorded
on imaging plates with a crystal to detector distance
of 430mm. Two imaging plates were used to
collect each frame. The effective detector area was
400 x 400 mm.
Peak
Wavelength
0.9794A
Resolution
2.2 A
0.038
^merge
0.045
^anom
Completeness 97.6%

Edge

Remote

0.9797A
2.2 A
0.045
0.032
97.1%

0.9005A
2.2 A
0.084
0.041
98.1%

Fig.l Trimer structure of rat MIF
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Data analysis
Data were processed with DENZO. The anomalous
Patterson maps for a crystal having only one
selenium atom per molecule (M2A/M47Se-
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Introduction
The endohedoral metallofullerene La@Cffi is a very
interesting material because of its novel molecular structure.
We have performed x-ray diffraction ( XRD ) measurements
for solvent-free powder crystals La@Csz. The major_part of
crystals has a fee lattice and the space group is Fm3m, The
C E cage have a shape like a Rugby-football, and in the
fee lattice their long axis orients along the <111>
direction. The location of La in the molecule has been
determined to two peculiar sites in the cage. We also
studied the temperature ( T ) dependence of XRD, and
observed a structural phase transition.
Powder XRD measurements were carried out at BL-18C.
The incident beam(X= 1.100 A )was collimated to 0.1 mm
in diameter. A round-type imaging plate on MicroPowder
Diffractometer (,MPD) was used for detection. Although the
sample was very small (less than 0.1 mg ), we obtained a
high quality XRD spectra with satisfactory resolution and
intensity for a short exposure time ( 30 minutes ). We used
a closed-cycle He refrigerator and a cryostat for low
temperature experiments (11K-340K), and used a furnace for
high temperature experiments (300K-573K).
Results andPiscnssion
The XRD spectra are shown in Fig. 1 for some
temperatures. All the peaks are assigned by the major phase
of fee lattice (space group : FmJm, F43m, F432, Fm3, orF23
) and the minor phase of hexagonal lattice. No significant
change is observed in the T-region studied. This suggests
that the fee lattice is stable in a wide T-region of 11-573K.
However, we observe an anomaly in the T-dependence of
the lattice constant and of the line width near Tc s480K, as
shown in Figs. 2 and 3. To clarify the origin of this
anomaly, we carried out the analysis of diffraction intensity
above and below Tc( T=573 and 300K) by assuming the
space group of Fm3m and a structural model in which the
C82 cage is replaced by a rotational ellipsoid. The
refinment analysis gives the axial ratio of 1.21 for the
ellipsoid(R = 5.7%)and the ratio of 1.16 (R =5.4%) at
573K and 300K, respectively. This result indicates that at
573K the long axis of the Cffl cage is strongly oriented to
the <111> axis, which suggests that the molecules rotate
rapidly around this axis . At 300K, on the other hand, the
deviation from the prefered orientation becomes significant
and the rotation rate around the axis becomes slow. We
have determined two possible locations for the La atom in
the cage. However, judgeing from the molecular rotation
discussed above and the results of EXAFS", we can propose
the molecular structure as shown in Fig. 4. We observed
another anomaly around 180K in the T-dependence of lattice
constant (Fig. 2 ) at which anomaly in the T-dependence of
magnetic susceptibility was also observed.
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Fig.4 Molecular structure model of La@C82 obtained
by the present analysis.
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Introduction
The x-ray diffraction study of the crystal structure
is a most fundamental and important work in materials science to investigate the physical and chemical
properties of new materials. However, in many cases
a high-sensitive and high-resolution detection system
is required for a small amount of samples. With use
of a fine focused beam and a round-type imaging plate
(RIP), we have developed a high-sensitive x-ray diffractometer for a microgram powder sample (MicroPowder
Diffractometer. MPD) at Beam Line BL-18C.
Apparatus
Figure 1 shows the side view of the MPD. A roundtype imaging plate (RIP) with the radius of 150 mm is
used for detection of diffraction rings in a wide range
of angle (-45° < 20 < 120°). The center of RIP is adjusted to the position of the incident beam by rotation
and translation of the base. The goniometer, which
can rotate in the horizontal plane, is mounted on the
base. The sample position can be set to the center of
RIP by 2//m step by a stepping motor. After the exposure of x-rays, the RIP is moved down into the base
(the position as shown in Fig. 1), and the spectrum
on an RIP is read by built-in counter. The measuring system including data acquisition and analyzing is
controlled semi-automatically with a work-station.

Figure 1. Schematic view of MPD.

Figure 2. Diffraction image of (">()•_> recorded on an
RIP.
3
coun

For the estimation of a performance of this system,
we measured the powder sample of CeC>2 (about 5 //g)
encapsulated in glass capillary of 100 /mi in diameter
at room temperature. The monochromatized beam (A
= 1.100 A) by a Si(lll) double monochromator was
focused to 70 x 40 fim2 at the sample position by
cylindrical horizontal- and vertical-mirrors. Figure 2
shows a raw data of the Debye-Scherrer rings recorded
on an RIP. The exposure time was 180 sec. High quality diffraction spectrum can be obtained by integrating
the intensity along the rings as shown in Fig. 3. The
obtained instrument resolution is A0 « 0.04°. MPD
will provide data for precise crystal-structure analyses
even though the sample volume is limited.
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Figure 3. Powder diffraction pattern obtained by integrating the Debye-Scherrer rings shown in Fig. 2.
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Introduction
•

Transition metal chalcogenides have been studied
extensively for their various magnetic structures and physical
properties. It is important to clarify electronic states for the
essential understanding of these properties. In the present
study we have done spin-integrated and spin-resolved
photoemission spectroscopy of Fe7S8 and FeySes. Both
compounds are itinerant ferrimagnets
with the metal deficient
NiAs-type crystal structures1).
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Experimental
The spin-resolved photoemission spectroscopy
(SRPES) were performed at the BL-19A with a 100 keV
Mott detector. We magnetized samples with a pulse magnetic
field of ~1 T. The residual magnetization of the samples was
-20 % of the saturation magnetization according to SQUID
measurements. The samples were mounted on a He cryostat
and cooled to 30-35 K. The energy resolution was -0.4 eV.
We also measured spin-integrated photoemission spectra
near the Fermi level using a He lamp (Av=40.8 eV). The
energy resolution was ~90 meV. Clean surfaces were
obtained by scraping in situ with a diamond file. The energy
calibration was done using the Fermi edge of Au evaporated
on the sample.

Binding Energy (eV)
Fig. 2. Spin-resolved photoemission spectra of Fe7Ss and Fe7Ses near
the Fermi level.

Results and Discussion

Figure 2 shows spin-resolved photoemission spectra of
~ j and Fe7Se8 near the Fermi level. In the calculation of
the broadened DOS, we have supposed that the residual
magnetization is 20% of the saturation magnetization. The
minority-spin spectrum is dominant near the Fermi level,
which agrees with the calculated DOS. However, as Fig. 2
shows, the observed intensity of the minority-spin spectrum
at around £B~1 eV is strong compared with the theoretical
one. It suggests that the peak shift and the suppression of the
photoemission intensity near the Fermi level as seen in Fig. 1
are accompanied by the change in the distribution of majorityand minority-spin band suggesting spin-dependent electroncorrelation effects. The distribution of the observed majorityand minority-spin spectra are different between Fe7S8 and
Fe7Se8, whereas that of the calculated ones are almost the
same. It may also reflect the different degrees of electroncorrelation effects in these compounds. In order to explain
discrepancies between theory and experiment, non-local selfenergv,
namely, treatment of the mean-field potential beyond
LDA4), or spin-dependent self-energy would be necessary.

Figure 1 shows photoemission spectra of Fe7Ss and
Fe7Se8 near the Fermi level compared 2with
the DOS's given
by the band-structure calculations '3). The DOS's are
broadened with the experimental energy resolution and the
core-hole lifetime. The peak near the Fermi level in the
observed spectra is shifted towards higher binding energy
with a broader width than the corresponding peak in the
theoretical curves. The observed intensity near the Fermi level
in Fe7S8 is more strongly suppressed than in Fe^Seg,
whereas the intensity of the theoretical DOS at the Fermi level
does not differ so much between both compounds. The
difference between Fe7S8 and Fe7Se8 photoemission spectra
suggests the different degrees of electron-correlation effects.
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Binding Energy (eV)

Fig. 1. Photoemission spectra of FcvSg and fcjScg normalize to the
total area near the Fermi level compared with broadened band DOS^X
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The
experimental
investigation
of
neutral
photodissociation of small molecules is generally a
difficult task. However, if the dissociation process is
accompanied by excitation of one of the fragments
fluorescence spectroscopy can be applied to the detection of
fluorescence emission from the excited fragments. This
technique combined with monochromatized synchrotron
radiation with its wide range energy-tunability as an
exciting-photon source is an excellent tool to study the
characteristics of neutral photodissociation excitation .
On the example of CO the neutral photodissociation
excitation has been studied using undispersed2) and
dispersed2>"5) fluorescence spectroscopy.
The undispersed fluorescence excitation (FES) in the
fluorescence wavelength range between 100 and 200 nm
has been recorded as a function of the exciting-photon
energy between 18.5 and 29 eV with a bandwidth of less
than 20 meV. With this narrow bandwidth it was possible
to assign the vibronic levels of two new Rydberg states
(RD(5S) and RD(6S)) converging to the D-state of CO* to
peaks in the FES. Moreover recently published new
assignments ) of other Rydberg states converging to the
CO D and C states could be confirmed and unassigned
vibronic levels6) of these states could be assigned to peaks
in the FES2). A peak observed at 24.1 eV could be
attributed to a CO" resonance thus proving the suitability of
synchrotron radiation experiments for the investigation of
electron attachment processes2).
From the recorded dispersed fluorescence intensities
partial relative and in some cases even partial absolute
cross sections have been derived . The energy
dependence of the partial relative dissociation excitation
cross sections at the threshold3' was used to get qualitative
evidence for the shape of the repulsive potential curves in
the Franck-Condon region leading to the observed
dissociation excitation fragments. In the exciting-photon
energy region between 18.5 and 24 eV the dissociation
excitation decay channels of the vibronic levels of the
observed Rydberg progressions have been studied. It was
found that the CO Rydberg states Ro(ns) and Ro((n+l)s)
predominantly decay into the dissociation continua
creating fragments CI(2s22p(n-l)d/ns 2S+1Lj) + OI(2s22p4
2S+l
Lj) . In the function of the partial relative cross
sections for the fluorescence lines at 115 and 119 nm
evidence for yet unobserved superexcited states has been
discovered in the exciting-photon energy range between 24
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and 28 eV as shown in figure 1. These peaks could not be
assigned to Rydberg states. Except the peaks numbered 1 to
9 in fig.l there seem to be more superexcited states at
exciting-photon energies between 24.5 and 26 eV, however
because of the their weak intensities the energy
determination could not be carried out unambiguously.

29
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2»

Exciting-photon energy (eV)

Fig. 1:

2)

3)
4)
5)
6)

Partial relative dissociation excitation cross
sections for producing CI fluorescence at 115
and 119 nm after dissociation excitation of CO.
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It is known that many states of N ; exist in
the energy range of 23.4 to 27.6 eV and the
dominant state is attributed to the c i ; state.
Recently, Baltzer et al. D recorded Hen excited
innner valence photoelectron spectra of N ;
between 23 and 35 eV. They observed three
vibrational structure in this region. One of them
is the well known C-state, and the other state
lying above C-state was analyzed to be v' =0 to 34
of 2*n, symmetry. The third vibrational
progression was tentatively assigned to the 32X;
state. Furthermore, Merkt and Guyon2) measured
the zero-kinetic-energy photoelectron spectrum of
N; between 15.5 and 26.5 eV using synchrotron
radiation. They observed three vibrational
progressions between 23 and 26.5 eV. One of them
C-state
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Fig. 1 Threshold photoelectron spectra of Nj
between 23.4 and 27. 6 eV.

aie
toeye
6.120
SI WJ5794T
±11.24

±0.266
1409.482 24. 050
± 1. 064
±13.17
53 1073.051 13.1284
±0.222
±3.437
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Te
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190367. 85
±100.2
195927. 85
±34.10
198010. 63
±11.13
211264. 92
±10.27
213156. 94
±23.59

Table

is the well known C-state similar to the result
of Baltzer et al. D , and the others overlap with
the C-state.
fe measured the threshold photoelectron
spectra of N ; between 23.4 and 27.6 eV with high
resolution by using the penetrating field
technique and synchrotron radiation. In this
regioa the well known c*z; state and five
electronic states were observed as shown in Fig. 1.
One of these states was associated with the
second state ofl n, symmetry by Baltzer et al. ^.
And, one of the other states was already
discovered by lerkt and Guyon2' but it was not
yet assigned. In the present study, it was
assigned to be the ls; state by comparison with
previous theoretical study 3) Th e other
vibrational progressions were observed for the
first time. Two states among them were associated
with the 1 A, state and *n. state respectively by
similar comparisoa One of new states cannot be
associated with any states bacause of lack of
theoretical study, fe summarized the vibrational
constant in the Table .
fe are indebted to Prof. I to for the
excellent working condition.
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We report here a threshold photoelectron spectrum in
which, for the first time, the nearly complete vibrational
progression of the ground state of N 2 + is observed.
This spectrum was observed with high resolution and
good statistics allowing the identification of levels v'=0
to 67. From the energies of the high vibrational levels
and the rotational constants, we were able to obtain the
complete potential curve.
The ground state of N2 + has been studied by many
investigators. Douglas ^ observed the emission from the
B * £ J state to the ground state of N2"1" and analyzed
vibrational levels from v'=0 to 21 and obtained
vibrational and rotational constants. Helm and Cosby^
determined the energies of the v'=32 to 36 levels using
laser photofragment spectroscopy and calculated the
molecular constants for vibration and rotation of N2"1"
using both the data of Douglas and their own .
In the present study, threshold photoelectron
spectroscopy is used to obtain information on the
energy of the vibrational levels of the nitrogen ion.
Merkt and Guyon-* have recorded the zero-kineticenergy photoelectron spectrum of N2 between 15.5 and
26 5 eV using synchrotron radiation and vibrational
levels up to v'=5 of the ground state of the ion were
analyzed. However, autoionizing states located near the
ionization levels prevented a precise measurement of the
energies of the vibrational levels. The pulsed field
ZEKE technique with gated time detection they
employed, provides complete discrimination against hot
electrons if done right. However, they could not
completely discriminate against hot electrons from the
autoionizing states, perhaps due to the short time
interval between light pulses from the storage ring.
The penetrating field method is now being used as it
provides higher resolution and sensitivity in comparison
with the steradiancy type spectrometer.
Part of the threshold photoelectron spectrum of N2
obtained in the present experiment is shown in figure 1.
Figure 1 shows higher resolution spectra of the v'=0 , 1
and 2 levels of the ground state of N 2 + . The v'=0
peak was not seriously perturbed by autoionizing states
contrary to that observed in the spectrum of Merkt and
Guyon^. The second and third vibrational structures
were strongly perturbed on the high-energy side by
autoionizing states which have larger absorption cross
sections than those occurring in the region of the first
vibrational peak. Nevertheless, we could recognize
sharp structure on the low-energy side of the peak
envelopes which were assigned to the Q branches as can
be seen in figure 1. The position of the Q branches were
taken to correspond to the energy of the vibrational
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levels of the ionic state.
We have presented a high resolution threshold
photoelectron spectrum of the ground state of N2 + The
vibrational progression up to v'=67 was observed and by
combining the vibrational constants obtained in the
present experiment and the rotational constants
previously determined by other authors^, a complete
potential curve of the ground state of N2"1" was obtained.
We are indebted to the staff of the Photon Factory at
the National Laboratory for High Energy Physics for
technical support. We are particularly indebted to Prof.
K. Ito for the excellent working conditions and for
useful discussions.
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Competition between autoionization and neutral
fragmentation processes following superexcitation of
molecules plays an important role in the photonmolecule and electron-molecule interactions [1]. For
understanding these processes, the absolute photoabsorption cross sections at, photoionization cross sections <7i, and therefore photoionization quantum yields
T)(= Oi/ot) are essential, and have been measured
mainly for simple molecules. For chemically important
molecules like alkanes, however, the absolute cross section data have been limited because of experimental
difficulties such as a lack of appropriate window materials and a continuous light source in the wavelength
region particularly shorter than the LiF cutoff at 105
nm. We have recently used metallic thin films as a window of an ionization chamber and have made possible
reliable absolute measurements of these cross sections
in the extreme-UV region [2].
In the present investigation, the absolute at and r\
of Carls and C3H8 in the 50 - 120 nm region have been
measured at the BL-20A using a cylindrical ionization
chamber combined with metallic thin film windows.
A monochromatized light entered into the ionization
chamber through the Sn (for the incident light wavelength of 52 - 77 nm), In (74 - 110 nm), or LiF window
(>105 nm). Both of Sn and In thin film windows are
of about 150 nm thickness and enabled the exact measurements by eliminating higher order components of
the dispersed light and by preventing from sample gas
effusion into the optical path. We have also evaluated
the absolute a< and the total cross sections for nonionizing processes, i.e. the neutral-dissociation cross
sections (0^) following superexcitation.
In addition to the broad structures in the at curve
of C 3 H 8 around 96, 87, 78, 70, and 61 nm, oscillating structures which have not been observed previously
are revealed around 70 nm (Fig. 1). These structures,
which also appear in the present a< curve, are ascribed
to the Rydberg states converging to the (4ai)~ x ionic
state. These structures are also weakly observed in the
04 curve indicating the competition between autoionization and neutral dissociation.
Rydberg structures are also observed in the at and
04 curves of C2H0 (Fig.2) around 65 nm, which are ascribed to the Rydberg states converging to the (2ou)~ l
'present address: Department of Applied Physics, Tbkyo
University of Agriculture and Technology, Koganei, Tokyo 184,
Japan
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sections (ad) of C 3 Hs in the 50 - 120 nm range (full curves).
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Fig.2 The photoabsorption cross sections (at), photoionization cross sections (ffi), and neutral-dissociation cross
sections (<rd) of CaHe in the 50 -120 nm region (full
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Introduction
The optical properties of light-emitting
Si/SiGe superlattices depend upon the
structures of thin SiGe layers and their
interfaces. X-ray diffractometry measurements at synchrotron sources provide structure information with atomic
resolutions. Most studies to date use
stimulations to achieve fits of measured
reflection profiles. Simulations need
models and will in general lead to nonunique answers. We apply here a modelindependent method [1] to the determination of lattice strain in a thin Si/SiGe
multilayer [2].
Phase Recovery Method
The method assumes kinematical X-ray
diffraction in strained crystals and
determines the phase of the normalized
amplitude reflection coefficient ~R(qz) =
-i{qz+ in)R(qz) from a diffraction profile
| R{ qz) | 2 measured around a reciprocallattice point h, where u is the X-ray
absorption coefficient. This is equivalent to an attempt to determine the
phase of the structure factor ip tiz) =
tp /> exp[27rih- u(z)] of the strained
crystal [2]. We extend the function
~R(qz) into the complex Qz plain. If ~R(Qz)
# 0 for lmQz>0, the phase of ~R(qz) is
given by the Hilbert transform

number of zeros from the uhp, and the
rest from the lhp, generates 2 M sets of
M phases, which represent ambiguous
solutions in the inverse scattering problem. To choose plausible solutions a
priori information about the sample
structure can be exploited.
Experiment and Results
A pair of Si/SiagGeai bilayers were grown
on a Si(lll) wafer by MBE. A series of
scans were made with a triple-crystal
diffractometer on beamline BL20B to collect intensity data in the vicinity of the
Si 111 Bragg spot. The solid lines in
the figure show the strain profiles for
the superlattice determined from the Xray data using the phase-retrieval
method, where d is the bulk Si(lll) lattice spacing. The thick line plots the
one-zero solution including a zero closest
to the Bragg point. It unravels a twobilayer structure consistent with the
steplike model (broken line) determined
by a fit of a separately measured specular reflection profile. The actual strain
in the SiGe layers is found to be significantly smaller than 0.4 % predicted by
Vegard's law (broken line).

If ~KQz) = ~R(Qz)~R*(QzM) h a s M complex
zeros (Qzj) in the upper half Qz plane
(uhp), the phase of ~R(Qz) on the real
axis is given by
400

It

(2)

The form of ~I{Qz) shows that if it has M
zeros in the uhp, it has the same number
of zeros in the lhp. Taking an arbitrary
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Introduction
Si/Si i_xGex heterostructures show great promise as
a new class of direct band gap semiconductors, and
perhaps as a production-quantity source of "quantum
dot" arrays. The SiGe growth surface tends to be
rougher than the Si growth surface, SiGe islands are
quite likely nucleated in successive layers by strain
transmitted through the intervening Si barrier [1],
Using diffuse low-angle x-ray scattering, we
investigated the character of interface roughness and
the roughness correlations (both within and between
interfaces) in a Si/Si^Gex heterostructure: Here we
discuss a sample grown by Molecular Beam Epitaxy
on Si (111) consisting of two thin (60 A) layers of
Sio pGeQ i separated by 230 A of Silicon (and also
capped with Si).
Experiment and analysis
The sample was mounted on the "BIGDIFF"
diffractometer at the ANBF beamline, 20B. evacuated
to reduce air scattering.
Specular rod scans (©=28/2) were made to probe
the average out-of-plane structure of the samples.
We found roughnesses a, for both the Si and Si/Ge
top surfaces between 7-9 A. Specular offset scans
((o=29/2+constant) and rocking curves were made to
characterize the roughness correlations.
To fit the data, we assumed a fractal roughness
model [2] for the in-plane height-height correlations
C,(R), and correlations between layers of the form

=1

D=2.7(5).
The out-of-plane roughness correlation length ^
that we found from the fit of Figure 1 was
indistinguishable from 0. This agrees with the
analysis of the specular offset scans (not shown).
Conclusions
The individual interface morphologies of our (111)
sample are similar to those found by x-ray and TEM
measurements of Si/SiGe heterostructures grown in
the (001) orientation.
But, whereas the (001)
heterostructures show quite noticeable correlations
with Si barriers as thin as 300 A [5], we found
negligible inter-layer correlations in the (111) sample
investigated.

10'

CO

I

101

-0.5
0.0
0.5
A6=a>-(26/2) (degrees)
Fig. 1 Rocking curves (circles) at three scattering
(26) angles and fit (solid line). X-ray wavelength
wasX=1.48A.

]exp[-|z. -z y

where we assume that correlations between layers
decrease with increasing separation, according to an
average correlation length £,± [3].
Using the Distorted-wave Bom Approximation
[2,4] to calculate the scattering, our computer code
made a simultaneous least-squares fit to the three
rocking curves shown in Figure 1. We found fractal
dimensions for the Si top surfaces to be D<2.3, while
the SiGe surfaces had a considerably more jagged
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reflections from nanostructural or amorphous alloys, which have never been
observed. Synchrotron powder patterns
from ball-milled zircon sand show a small
amount of additional phases, which are
not visible with conventional X-rays. In
the case of ball-milled metals and metalloid nitrides, synchrotron p a t t e r n s r e veal well developed nanostructures composed of nanocrystals and small precipitates of non-identified phases (figure
below). From amorphous metallic alloys
are observed crystalline a -Fe precipitates in deep layers of amorphous
ribbons, which are also nonvisible at conventional X-ray sources.

Introduction
It has been long known that nanocrystalline materials can be prepared by
vaporization and condensation methods.
An advantage of these methods is the
possibility of obtaining fairly pure
nanostructural powders with extremely
small particle sizes. The productivity
of this technology is low, however,
energy consumption is considerable and
enormous complications are associated
with the maintenance of specific compositions. For carbides and nitrides of
transition metals these problems make
vaporization/condensation methods u n attractive in industrial applications.
Mechanochemical methods, with no such
limitations, are becoming increasingly
popular for the production of nanostructural (nanoscale) materials LI, 2, 3J.
Synchrotron X-rays are opening up new
avenues in s t r u c t u r e researches of these
materials. Here we report our first experiment for the analysis of mesoscopic
s t r u c t u r e s produced by mechanical alloying.
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Experiment and Results
From a large number of ball-milled samples we selected the most representative
ones for this experiment: SiaN4, TiN, BN,
MoN, V2N, nanostructural zircon sand and
Co-Ni and Co-Fe metallic glasses. These
samples show no clear structural information at laboratory X-ray sources. Powder
diffraction patterns were recorded on the
BIGDIFF with image plates at BL20B, evacuated to cut air scattering, using 0.62
and 1.54 A X-rays. From many mechanochemical samples which show amorphous
features at laboratory X-ray sources, we
observed well defined powder diffraction
lines coexisting with diffuse background
due to the nanocrystalline s t r u c t u r e .
The high resolution available on the
BIGDIFF allowed us to detect very weak
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SR-IRRADIATED COPPER SURFACE
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SR does not cause serious effects on mechanical and
chemical state of copper.

INTRODUCTION
Photodesorption in accelerators is strongly affected by
materials, surface treatmens, and experience of SR
irradiation. Decrease of non-metalic impurities in near
surface region of materials which is caused by SR
irradiation might result in decrease of photodesorption
yield*'2. SR irradiation might increase grain size and
consequently weaken mechanical strength of metals.
In this study, we investigated the changes in grain size
and chemical composition at and near the surface of SRirradiated copper.

REFERENCES
1) S.Ueda, M.Matsumoto, T.Kobari, M.Kobayashi, and
Y.Hori, Vacuum, 41, 1928 (1990).
2) H.J.Halama, and C.L.Forester, Vacuum, 42,185 (1991).

EXPERIMENT
Six specimens (10x10x5 in mm) for surface analysis,
as shown in Fig. 1, were prepared from the SR absorber
of copper that has been used in PF for a few years. The
absorber was made of class 1 OFC (oxygen free copper)
and was acid cleaned after machining. Specimens were
analyzed with secondary electron microscopy (SEM),
Auger electron spectroscopy (AES), and x-ray photoelectron spectroscopy (XPS) as listed in Table 1. For
AES and XPS, specimens were Ar-sputtered to obtain
depth profiles. Analyzing areas were 10 mm in diameter
for XPS and 5 mm for AES. X-ray probe was Mg-Ka
for XPS.

Fig. 1 Specimen preparation

(a) SR-irradiated part

Table 1 Analysis items of specimens
6
5
4
1
2
3
Specmn.
No.
XPS
AES
SEM, AES
Analyzer
AES
(depth
profile)
Analysis SEM (top and
XPS (depth profile)
side-surface),
item
AES
(depth profile)

(b) nonirradiated part
Fig. 2 SEM micrograph of the absorber surface
120(a) SR irradiated part (No.1)
.100-

RESULTS AND DISCUSSION
Micrographs of the surfaces in Fig. 2 show no
difference in both grain size and topography, (a) for SR
irradiated part and (b) for non-irradiated part. Acid
cleaning etches grain boundaries more rapidly and leaves
grains as humps. It was also observed that there is no
change in grain size from the surface to depth of 500 |Xm
(not shown here).
Fig. 3 shows depth profile of Cu, C, and O, (a) for SR
irradiated part (No. 1) and (b) for non-irradiated part
(No. 4). The horizontal axis is sputter time in second, the
vertical axis atomic counts in %. There is no difference
between them.
XPS analysis showed the surface is mainly covered
with Cu2O, the most popular oxide on copper surface
(results are not shown).
The temperature of SR-irradiated part is estimated 100150 degC. It might be due to thermal treatment higher
than 800 degC during soldering under fabrication that no
difference was observed between the SR-irradiated and
nonirradiated parts. Any way, these results reveal that

i" 80-J
§ 60

Cu

1 40
o
« 20120

600

1200

1800

(b) non-irradiated part (No.4)

Cu

r soI 61
1 40 -\
o

"5 20600
1200
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1800

Fig 3 Depth profile of chemical composotion (AES).
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INTRODUCTION
X-ray irradiation around the inner-shell ionization
threshold induces the emission of Auger electron whose
kinetic energy changes in proportion to incident photon
energy. We have reported this effect in both solid
compound and adsorbate systems, and explained in
connection with the resonant Raman scattering (RRS)
[1]. In analogy of RRS, another characteristic feature,
i.e., a peak narrowing of Auger electron, is expected [2].
The purpose of this work is to observe such
phenomenon in KLL resonant Auger processes around
S-ls and Cl Is edges.

Relat. Phenom., in press, and references therein.
[2]T. Aberg and B. Crasemann, "Resonant Anomalous
X-ray Scattering" (North-Holland, 1994) p.431 and
references therein.

« 2120 -

2110 -

EXPERIMENTAL
The experiments were performed at BL-27A station.
The samples were multilayered CS2/Cu(100) for S-KLL
process and multilayered SiCWCu(lOO) for Cl-KLL
process, respectively. The number of the adsorbed
layers was about 600. Other details are given
elsewhere [1].
RESULTS AND DISCUSSION
Figures 1 and 2 show the results for multilayered
CSj/Cu(100)
and
multilayered
SiCWCu(lOO),
respectively. General trends are as follows.
(1) Auger peak is split into spectator and normal Auger
peaks and the latter peak shifts almost linearly with
incident photon energy. These are almost the same as
the results for SiOz and 4d-metal insulators[l], and
explained in connection with RRS.
(2) The spectator peak is narrowed when h v is tuned
at the absorption peak (o *in CS2, and a *(8ai) and a *
(9t2) in SiCU). Reduction in the FWHM value amounts
to 40% for CS2 and 25% for SiCU. Similar observation
has scarcely been reported because the energy width of
the exciting photon must be smaller than the width of
the Is core-hole (T i,=0.59 eV (S) and 0.64 eV (Cl)) [2].
(3) For SiCU, two-step narrowing of the spectator peak
is observed. This suggests that two kinds of the
resonant excitations occur around the ionization
threshold, i.e., Cl Is — 3p* (a *(8ai)) and 3p* (a * (9t2))
and that they decay through two different spectator
processes. This explanation is consistent with the twostep linear energy dispersion of the spectator Auger
peak.

2470

2480

Photon energy

Fig.l (&)S-KLL Auger peak energies and (b)peak
widths (FWHM's) as functions of incident photon
energy in multilayered CSz/Cu(100).
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[1]T. A. Sasaki et. al., J. Phys. : Condens. Matter. 7.
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Fig.2 The same as Fig.l for Cl-KLL in multilayered
SiCWCu(lOO).
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The decay processes of die resonantly excited states are very
important

not

only

for
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photodissociation of gaseous molecules
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mechanism
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4385(1995).

but also for understanding

the nature of the unoccupied molecular states in solids. In this work,
two Auger signals for the LZ3W

Auger transition resonantly

enhanced around the Is absorption edges are quantitatively discussed.

Fig. 1 Evolutions of
the L23WAuger electron

Experimental

spectra.

Experiments were carried out using monochromated synchrotron
radiation from BL-27A

Molybdenite foil was used for the sample.

The other details were given in Ref 1.
Results and discussion
Figure 1 shows spectral evolutions of the S-L13W Auger energy
region of M0S2.

Since no Auger line other than the L&W line

should exist in these regions, both peaks in each spectrum are
attributed to the L13W Auger transition.

The origin of the high120

energy satellite is attributed to the cascade of the double core-hole
states.

140

160
180
Electron energy lev)

Table I shows the successive decay processes of the core

holes and the contributions of the decay steps to the LVW\\)
Li3W[2) Auger lines.

and

Table 1

Since the peak intensities of the signals

Auger lines, etc., were so weak compared with that of the
Auger transition, their contributions are omitted.

Decay processes, relative frequencies of the /-^J^ Auger

lines to which the decay processes of the S Is hole are contributed.

corresponding to such decay processes as the KL/L,, KI./V, LtW

The underlined Lrepresentsan L orbital with an electron hole.

KL^n
Decay processes

Then the ratio R

1st step

of the intensity of satellite to that of the main line can be
approximated as

Subsequent steps

Contributed H i e

leltlive frequency

l(ls) lonlutin

R = \WKlJ.ri) + N(KLi3L2MN(KI,lLu) + N(KLZ3Lz3) +
N(KLZ3V) +^ P (^ 2 J ) +N\KLX3) + N(LlLl3V) + MlziW)\
lt»TY<»

Here N is frequency of the corresponding Auger transition, and N p

1.87
l.ST

and N'

200

indicate the frequencies of the participator Auger transition

and of luminescent process.

Then the equation simplifies to
(.41

a, co,/and a, are the Auger yield, luminescent yield, Coster-Kronig
O.SI

yield and photoionization cross section of the corresponding core
11.2.1 participator

holes, respectively. Calculation of the R-vaiue employing the data
in the references gives 0.76.

0.30

On the other hand, the corresponding

II; 3 lialtesceit—i

experimental ratio can be estimated to be 0.30 from the relative
intensities for the Z . z i ^ l ) and LuV]\2)

processes.

0.7?
L|Hs) loiliatloa

The

discrepancy is probably due to the very fast relaxation of the doublecore-hole states.

t.M

!•!.»»»

It is considered that in the condensed phase some

Lj j(Ip) ioiiutloi

part of the double core holes, denoted X Z ^ j j for example in Table

LJ.JYY(I)

I, collapses via simultaneous neutralizations by two electrons in the
valence band.
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It is known that the branching ratio 3d 3 /2/3d s / 2 m
3d resonant photoemission spectra (RPES) of 4d transition metal oxides such as ZxO2 and Y2O3, drastically
changes at L3 threshold1), but the details of the transition are open question. In this work, we investigate
this problem for ND2O5.

hv(eV)"
2394.4

Experimental
Experiments were carried out using monochromated
synchrotron radiation from BL-27A. The sample was
prepared by heating niobium metal foil in air at 500°C
for 3 hours. The other details are given in Ref. 2.

2386.8
2384.1

Results and Discussion
The observed 3d RPES are shown in Fig. 1, where
the incident photon energies are indicated by bars in
the observed L3 absorption spectra (inset). It is shown
that 3ds/2 and ^3/2 lines are resonantly enhanced at
L3 edge, which are caused by 2p3d4d Auger decay after 2p3/2 —f 4d resonant excitation as illustrated in
Fig. 2. Moreover, we observed that the branching ratio 3d3/2/3d5/2, which are 4/6 in 3d photoemission,
drastically changes around L3 edge.
Considering Nb 5+ (4d°) ion, the Auger transition
amplitudes for the process (I) and (II) in Fig. 2, except the common factor (-) J M + 1 / 2 J\jj, 334, J4d]/15,
are given by
d\

J3d

(s

p

CO

2378.7

-^2360 2370 2380 2390 2400

CO

2375.9

(D

^ W A 2371.2
2368.7
2352.0
40

30

20

10

0

-10

Binding Energy (eV)
Fig. 1

Observed 3d RPES of

J2p\

Intermediate

f
and

(I)
£ f •

k

d
J3d

j/1
J2p}'
J2p

respectively, where both R\ir and R*x represent the
products of Slater integral Rk and reduced matrix elements (ii||C*||/2)- Ignoring the multiplet splitting
of the intermediate states, we can show that (I) does
not contribute to the change of the branching ratio.
Therefore, we conclude that the change of the branching ratio 3d3/2/3ds/2 are contributed from the Auger
decay process (II).

Fig. 2 Schematic representation of the Auger decay
process (I) and (II) in 3d RPES. After 2p3/2 -» 4d
resonant excitation, 2p3/2 core hole decays through (I)
(c/2p|l/r|3d4d) or (II) (e/2p|l/r|4d3d).
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XANES OF TRANS AND CIS-l^-DICHLOROETHYLENE (CHC1=CHCI)
MULTILAYER ON Cu(100)
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The first peak was deconvoluted by Gaussian function
The x-ray polarization dependence of XANES spectrum is fitting to estimate the peak intensrtiy. The angle of
promising for determination of molecular orientation transition moment with respect to surface normal was
adsorbed on surfaces as a monolayer. Furthermore, estimated to be about 45 degree by plot of the peak
chemical bond orientation in adsorbed molecules as a intensities against a function of SR incident angle, 3cos&
multilayer can be also determined by this method.1' In this 1,3 assuming the polarization factor of 0.954) and no
report, the x-ray polarization dependence of a K-edge azrmuthal angle dependence in XANES spectra. Since the
XANES spectrum for trans and cis-l^-dichloroethylene, Q Is -• a resonance excitation is parallel transition, the
transition moment is parallel to the GC1 bond axis. Thus,
adsorbed as a multilayer on Cu(100) at 77 K, is described
the C O bond orientation is considered to be about 45
degree with respect to surface normal. On die other hand,
a
K-edge XANES spectrum of cis4,2-dichloroethylene
All experiments were carried out in BLr27A. The trans and
cis-l^-<lichk)roethylene of 98% purity were further purified did not depend on the SR polarization, indicating random
by repeated freeze-purnp-thaw cycles. Contaminant atoms orientation of the C-Q bond axis or showing accidental
on Cu(100) substrate surface were sputtered by ArMon 54.7 degree.
bombardment. The liquid nitrogen-cooled substrate was
exposed to the dichloroethylene vapor introduced through a 1) Y. Baba, K. Yosbji, H. Yamamoto, andT. A Sasaki, J.
capillary plate with the stagnation pressure of 50 mTorr to
Phys.: Condens. Matter 7,1991 (1995>
mate a condenced multilayer. The Q K-edge was 2)H. Kato, K. Hirao, H. Konishi, andT. Yonezawa, Bull.
resonantly excited by monodilomated synchrotron radiation
Chem. Soc. Jpn. 44,2062 (1971>
(SR) polarized horizontally. Total electron yield spectra 3) J. Stohr and D. A Outka, Phys. Rev. B, 36, 7891
were recorded by measuring sample current, scanning the
(1987>
SR wavelength. The substrate was rotated around the 4) H. Kitajima, Synchlotron Radiation Calculation Program
vertical axis so that the SR incident angle 6 could be
for PC98.V.23 (1993).
changed from 0 to 85 degree with respect to surface normal.
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The XANES spectra were normalized at an off-resonance
XANES (Cl K-edge)
trans-1,2-dichloroethylene multilayer
position.
The polarization dependence of a K-edge XANES
spectrum for trans-l,2-dk±loroethy]ene multilayer is shown
in Fig. 1. Only the first absorption peak was influenced by
the polarization direction. The first absorption peak was
attributed to the resonant excitation from Q Is to the lowest
unoccupied molecular orbital a* which contributed to C-Q
antibonding.2* The normal Auger electron emission of
KLJLS was observed in the higher energy region than this
peak, indicating the other states lying over the peak energy
were embedded into continuum to form resonance states.
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Rg.1 SR polarization dependence of d K-edge XANES
spectra for trans-1,2-dichloroethylene multilayer on Cu(100).
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STRAND BREAKS IN DNA INDUCED BY ATOMIC TARGET OF CALCIUM
Kaoru TAKAKURA
Department of Physics, International Christian University, Tokyo 181, Japan
The study on DNA strand breaks using Ca-DNA
complex irradiated with monochromatic X-rays
around the K-shell absorption edge of calcium was
reported already in PF Activity Report 1993 (1). In
the study, beamline 27B with Si double-crystal
monochromator was used as a source of X-ray
irradiation, which is considered to have somewhat
contamination of unwanted X-rays on around 4 keV
X-rays. In this study, X-rays from the beamline 27A
with channel-cut InSb monochromator was used as a
irradiation source in order to avoid the contamination. And further in this study, a new method
of electrophoretic analysis with short time migration
(3hr8) at lower temperature (13 "C - 20 °C) and with
CCD camera was used instead of the last method
with long time migration at higher temperature and
with chromatoscanner.
Col El plasmid DNA purchased from Takara Co.
Ltd. was irradiated in buffered aqueous solution
consisted of 10 mM/dm3 Tris and 1 mM/dm3 EDTA
(pH 8.0). The concentration of DNA was 2.7 mM/dm3
as concentration of nucleotides. Sample solutions for
irradiation were prepared by the addition of a CaCl2
solution with high concentration to the DNA solution.
The energies selected for irradiation were 4.030 keV
and 4.071 keV, which are correspondent to slightly
below and above the K-shell absorption edge of
calcium. The three forms (I, II and III, which are
supercoiled closed circular.open circular and linear,
respectively) formed well-separated bands in 1.2 %
agarose gel after an electrophoretic run at 50 V
constant voltage for 3 hrs in a cooling box set at 13 °C.
The amount of fluorescence from these bands excited
at 254 nm was measured using a C4880 CCD
camera (Hamamatsu Photonics). Using the fractions
of the amounts of form I and form II to the total
amount of DNA, the number of double strand breaks
(DSB, n2) and single-strand breaks (SSB, ni) per one
molecule of Col El DNA were calculated with
Povirk's equation (2).
In the figure 1, n2 is shown as a function of the
absorbed dose after the irradiation with 4.030 keV
and 4.071 keV in a solution with (a) and without (b)
6 mM/dm3 Ca ions. In the absence of Ca ions, no
difference in the steepness of the slopes can be
observed, however, in the presence of Ca ions, the

difference was clearly observed between the slope of
4.071 keV X-ray irradiation and the slope of 4.030
keV X-ray irradiation. The yield of DSB induced with
4.071 keV X-ray irradiation was 27 % higher than
that with 4.030 keV X-ray irradiation. On the other
hand, the SSB yields were independent of the X-ray
energy both in the presence and absence of Ca ions.
These results were almost coincide with the results
in the last study. However, the ratio of the DSB yield
to SSB yield in the last study was much higher than
that in this study. It is supposed that the different
method of electrophoretic analysis must be the
reason. The effect of contamination of unwanted Xrays from beamline 27B on the yield of strand breaks
seemed to be not essential.

(a) DSB,
Ca 2 *: 6mM/dm 3

(b) DSB,
Ca 2 *: 0 mM/dm3
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Figure 1, Dose dependence of the number of DSB (n*)
per molecule of Col El DNA at 4.071 ( • ) and 4.030
( O ) keV irradiation with (a) and without (b) the
addition of 6 mM/dm3 CaCl2.
References
1) Kaoru Takakura et al., Photon Factory Activity
Report, National Laboratory for High Energy Physics,
KEK, p 404 (1993).
2) PovirkL.F. etal., Nucleic Acids Research, Vol. 4, p
3573 (1977).
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X-RAY ABSORPTION STUDY ON 5f STATES OF URANIUM-NOBLE METAL
INTERMETALLICS AND ALLOYS
Torn OGAWA, Mitsuo AKABORI, Akinori ITOH,
Haruhiko MOTOHASHI and Hideaki SHIWAKU
Japan Atomic Energy Research Institute, Tokai-mura, Naka-gun, Ibaraki-ken, 319-11 Japan
Introduction
The uranium-noble metal alloys and
intermetallic compounds show a wide-variety
of physical properties.1) URu3 and URI13
behave like simple transition metals. UPd3
shows a local moment behavior, but UPt3 is
superconducting. This variety of behavior has
been discussed in view of the interaction of 5f
orbitals of uranium and d orbitals of ligand. In
this study we measured XANES of URu3,
URh3, UPt3, UPd3, UPd4 and Pd-U alloys.
The results were compared with those of UO2
and UO3. The contribution of different reconfigurations could be inferred, which
appears to be related
to the Sf
itinerancy/localization in these materials.
Particular emphasis was placed on examining
the change of white line shape in the series of
U-Pd alloys.
At the same time, the
measurements were made on (U,Zr)Pd3 solid
solutions to examine the local environment of
uranium atom at the addition of ZrPds, whose
molar volume is smaller than that of UPd3.

similar spectrum of UO3, while the main white
line is due to ^-configuration. The separation
of the 2p excitation energies for the two
configurations were estimated to be about 10lleV, which agrees with the theoretical
value.2) The spectrum of UPd3 shows little
contribution of the f°-configuration.
The
difference in the X-ray absorption spectrum
thus corresponds to the f-itinerant (URU3) and
f-localized (UPd3) characters of these
intermetallics. The spectrum of Pd-5at%U
alloy resembles to that of URU3. Transition
from f-itinerant to f-localized character seems to
occur with increasing U concentration in the
Pd-U system.
The measurements on (U,Zr)Pd3 solid
solutions revealed that the shape of U-Lm
white line is little affected by adding ZrPd3.
The change in the U-Pd distance with ZrPd3
addition was also significantly smaller than that
of the average M-Pd (M:Zr and U) distance: U
atom tends to keep its tetravalent atomic volume
which is characteristic of UPd3.
References
1. D.D. Koelling et aL, Phys. Rev. B31, 4966
(1985).
2. J.F. Herbst and J.W. Wilkins, Phys. Rev.
B38,1027(1988).

Experiment

The samples were prepared by arcmelting the pure metals together in purified
argon. Each button was wrapped with a Ta
foil, vacuum sealed in a quartz ampoule and
annealed at 1000°C for 72 hours.
The
intennetallic compounds were crushed to
powder with agate mortar. The Pd-rich alloys
were malleable; they were sliced, polished,
and annealed at 750°C for 8h.
The
measurements were made in a transmission
geometry at BL-27. Before and after each
measurements on a sample, energy calibration
runs on the UO2 reference was made.
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Results and Discussion
Fig. 1 compares the X-ray absorption
spectrums of UPd3 and Pd-5at%U alloy with
that of URu3. Both the absorptance and its
second derivative are shown.
There is a
noticeable shoulder (A) in the second derivative
for URu3. The shoulder is ascribed to the
presence of f°-configuration as judged from the

-0.80

Pd-5%U
—-

URU3

-1.60

Fig. 1 X-ray absorption spectrums of UPd3t
Pd-5at%U and URu3.
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SAMPLING DEPTH FOR TOTAL-ELECTRON-YIELD X-RAY ABSORPTION NEAR-EDGE STRUCTURE
BASED ON SPECIMEN CURRENT MEASUREMENTS
Nobuya Okude l\ Hisato Noro •>, Masayasu Nagoshi 2>,Yuji Baba 3 \
Hiroyuki Yamamoto3) and Teikichi A. Sasaki3>
1) Applied Technology Research Center, NKK Corporation, Kawasaki 210
2) Kokan Keisoku K. K., Kawasaki 210
3) Advanced Science Research Center, Japan Atomic Energy Research Institute, Ibaraki 319-11
for secondary electrons 2>. This is consistent with the
observed sampling depth exceeding -100 nm. From a different angle, if XANES measurements for the elements
within overlayers are considered, this technique would be
less sensitive to outermost surfaces of the overlayers because secondary electrons are hardly created within the
IMFP of the Auger electrons.

INTRODUCTION
We have been studying the capability of the totalelectron-yield x-ray absorption near-edge structure
(XANES) spectroscopy based on simple specimen current
measurements '). This technique has an advantage over
rather conventional x-ray photoelectron spectroscopy
(XPS) in the point of non-destructive measurements of the
averaged information about the atomic bond states of the
elements within overlayers on substrates. This work has
been carried out in order to investigate the sampling depth
for this technique and the main electron sources responsible for the sampling depth.
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Kobayashi at National Laboratory for High Energy Physics
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EXPERIMENTAL
Specimens were prepared by sputter-depositing Al
overlayers of selected thickness up to lpm onto Si substrates. Total-electron-yield measurements were made in
the vicinity of the Si K-edge for each specimen using synchrotron source and measuring the specimen current. XPS
measurements were also made using the photon energies
above and below the absorption edge to find the main electron sources responsible for the edge-jump current.
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Fig. 1 Si K-edge-jump current as a function of the thickness of Al overlayers on Si substrates.

RESULTS AND DISCUSSION
The edge-jump current as a function of the thickness
of the Al overlayers is shown in Fig. 1. The edge-jump
decreases with increasing thickness of the Al overlayer. It
should be noted that for the overlayer thickness less than
100 nm the rate of decrease of the edge-jump with increasing overlayer thickness is sharper than for 100-1000 nm
overlayer thickness. The edge-jump current is not zero
even for a 100 nm thick Al overlayer, which indicates that
the sampling depth exceeds 100 nm.
The difference of two x-ray photoelectron spectra
measured at the energies above and below Si tf-edge for a
10 nm thick Al overlayer is shown in Fig. 2. This difference spectrum shows the energy distribution of the emitted
electrons responsible for the edge-jump current. The original x-ray photoelectron spectra inserted in the figure indicate that the difference spectrum is composed of two
groups of electrons: (i) inelastically scattered Si KLL
Auger electrons with the energies of 200 - -1600 eV, (ii)
secondary electrons with the energies lower than -100 eV
created through the inelastic scattering process. These two
groups of electrons have comparable contributions to the
edge-jump current in the present case of the 10 nm thick Al
overlayer on a Si substrate. Since secondary electrons can
be created by the Auger electrons emitted from the absorbing atoms in a deep level, it is suggested that the sampling
depth is controlled by the sum of the penetration range of
Auger electrons '> and the inelastic mean free path (IMFP)
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Fig. 2 Difference spectrum of two x-ray photoelectron
spectra measured at the energies above and below Si
/(-edge for a 10 nm thick Al overlayer. Inserted
shows the original x-ray photoelectron spectra expanded along the energy axis.
REFERENCES
1) A. Erbil, G. S. Cargill III, R. Frahm and R. F. Boehme,
Phys. Rev. B37, 2450(1988).
2) R. G. Jones and D. P. Woodruff, Surf. Sci. 114,
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ESR-DETECTION OF ACTIVE OXYGEN SPECIES IN VARIOUS
SOLUTIONS IRRADIATED BY MONOCHROMATIC X-RAYS
Norio M1YOSHI, Katsumi KOBAYASH1*, and Masaru FUKUDA
Department of Pathology, Fukui Medical School and *Pholon Factory, National Laboratory of High
Energy Physics
Introduction
A thymidine analogue of bromodeoxyuridine
(BrdU) had been used as a radiosensitizer. The
mechanisms of radiosensitization of BrdUsensitized in cells were reported by Webb, et al. 1 '
and Ling, etal. 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 BrdU-substituled
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 an anionic surfactant,
sodium dodecylsulfate (SDS), BrdU and/or a
human melanoma cultivated (HMF) cells.
Furthermore, we examined the dose-dependency
of a monochromatic X-rays on the ESR signal
intensity.

increased with increasing of X-ray doses at
0.918A. It was found that the amount of
increases in HMF cell suspension are larger than
those in SDS solution from the slopes of these
dose-response fitting curves. Fig.2 shows also
that BrdU-concentration dependency on the ESR
signal intensity at 0.918A X-ray of lOkR. It was
found that the BrdU response was more sensitive
2 times in HMF cell suspension than that in SDS
aqueous solution from the slopes.
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Experimental and Methods
(l)Human melanoma (HMF) cells were treated
with different concentrations (0, 20, 60,
lOOug/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
hydrochloride; DMPO=5,5-dimethyl-l -pyrroline
N-oxide) before irradiation with different
wavelength (0.918A, 0.922A) and doses (1, 3,
6, lOkR) of the X-rays. (3)10mM SDS aqueous
solutions contained with spin trapping agents
were irradiated with different wavelengths and
doses of the X-rays. (4)The irradiated samples
were stoked at 77K and were measured by ESR
(JEOL, RE3XR type) after thawing of the
samples.
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Comparing at 0.922A X-ray dose-response
(not presented), there was not large change at
0.918A X-ray (Fig. 1), but, there was large effect
(4 times) of BrdU-concentration dependency in
HMF cell suspension at 0.918A comparing with
that at 0.922A (not presented) from the slope
data.
In conclusion, BrdU more effectively
produced OH radicals in the cell suspension
system than in SDS aqueous solution.
References
DC.Webb, et al., Inl.J.Radiat.Biol., 64: 655
(1993). 2)L.Ling and J. Ward, Radiat.Res., 121:
76 (1990). 3)N.Miyoshi, et.al., Radiat.Res.,
143: 194(1995).

Results and Discussion
(l)Fig. 1 shows that the ESR signal intensity
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APPLICATION OF HIGH-ENERGY X-RAY PHOTOELECTRON SPECTROSCOPY USING
SYNCHROTRON-RADIATION TO THE DEPTH PROFILE ANALYSIS OF ION
IMPLANTED LAYER ON SiflOO) SURFACE
Hiroyuki YAMAMOTO, Yuji BABA and Teikichi A. SASAKI
Advanced Science Research Center, Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun, Ibaraki 319-11, Japan
Introduction
The analyzing depth of X-ray photoelectron
spectroscopy (XPS) depends on the inelastic
mean free path (IMFP) of a photoelectron.
Since the IMFP of a photoelectron is a function
of its kinetic energy, die analyzing depth of XPS
changes with the excitation energy."
We
apply this relationship to the depth profile
analysis of XPS measurements by using energy
tunable synchrotron radiation (SR) X-rays.
For this purpose, a "High-energy SR-XPS" has
been applied to the depth profile analysis of the
O2Mon implanted Si(100) surface, which has a
depth distribution of oxide. The depth profile
of the O2+-ion implanted layer has been nondestructively estimated by the Si Is intensity
ratios of elemental Si to SiO2 in the XPS spectra.
Experimental
The experiments were performed at the BL27A station.
The sample used was 99.9999
at.% Si(100).
The sample surface was
irradiated with 10 keV O2+-ions (3.5 x 1016
ions/cm2) at room temperature.
The XPS
spectra were obtained in the X-ray energy range
from 2000 eV to 5380 eV.
Results and discussion
Fig. 1 shows the photon energy dependence
of the Si Is (E,, = 1839 eV) XPS spectra.
The
observed two peaks can be assigned as
elemental Si and SiO2, respectively.
The
elemental Si was scarcely observed in the lowest
spectrum (hv = 2000 eV).
However, the
relative peak intensity of the elemental Si to
SiO2 increases gradually with the photon energy.
The result suggests that the elemental Si in deep
surface region shows up with the increase in the
IMFP in higher photon energy.
Fig. 2 shows the Si/SiO2 ratio which is
obtained from the peak intensity of Si Is, as a
function of the kinetic energy of Si Is photoelectron.
Considering the surface sputtering
effect during the O2+ bombardment, we assume
that the top-most layer of the sample has the
maximum SiO2 concentration.
The broken
line shows the calculated Si/SiO? ratio2' for the
sample which has the half-Gaussian distribution
of ion implanted layer.
The experimental
results are in fairly good agreement with the
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calculated values. This finding shows that the
O2+-ion implanted layer has the half-Gaussian
distribution.
The results obtained suggest that
the present system is feasible for the nondestructive depth profile analysis of surface
layers in the order of several tenth nm region.
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Fig. 1 Si Is XPS spectra taken at various photon
energies.
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Fig.2 Experimental and calculated results of the
relationship between kinetic energy of photoelectrons and peak intensity ratios (Si/SiO 2 ).
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DESORPTION OF ATOMIC AND MOLECULAR FRAGMENT IONS
FROM SOLID CC14 BY CORE EXCITATION AROUND THE tf-EDGE
Yuji BABA, Kenji YOSHII and Teikichi A. SASAKI
Advanced Science Research Center, Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun, Ibaraki-ken, 319-11, Japan
Introduction
Photon stimulated desorption (PSD) by innershell photoionization is in many cases well
interpreted in terms of the localization of positive
holes in valence orbitals following the Auger
decay (KF-process)." In the case of PSD near
the inner-shell ionization threshold, we have
reported another process in which the desorption
of fragment-ions from molecular adsorbates is
enhanced by a special core-to-valence resonant
photoexcitation.2' In this report, we present an
example in which the above two processes are
observed in the different
fragment-ion
desorptions (Cl+ and CC1,+) from the same
molecular adsorbates (CC14).
Experimental
The experiments were performed at the BL27A station. The purified solution of CC14 was
dosed on the Cu(100) at 85 K up to the 600
layers. The surface was irradiated by photons
around the Cl Jf-edges (2810^2850 eV), and
the desorbed ions were analyzed by a quadrupole
mass spectrometer in pulse counting mode. The
XANES and Auger decay spectra were also
measured for comparison.

the time scale of the movement of Cl atom is
comparable to the Auger decay due to the
spectator electron in highly antibonding a*
orbital.
References
1) M.L. Knotek and P.J. Feibelman, Phys. Rev.
Lett. 40, 964(1978).
2) Y. Baba, K. Yoshii and T.A. Sasaki, Surf.
Sci. 341, 190(1995).
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Results and discussion
Fig 1 shows the photon energy dependences
of the electron yield (XANES) and desorption
yields of the atomic (Cl+) and molecular (CC1,+)
fragments around the Cl AT-edge. The intense
peaks marked as 3 and 8 in the electron-yield
spectrum originate from the Clls->a*(7a,) and
Clls—»3d*(5s*) resonances, respectively. The
CC1,+ yield is almost proportional to the electron
yield, suggesting that the desorption of the CCL,+
ions follows the KF-process. But the Cl+
ions are desorbed only at peak 3. The Auger
decay spectra revealed that the Cl KL2)L2J
spectator and normal Auger decays are main
processes in this photon energy region. Fig. 2
displays the photon-energy dependences of these
two decay modes. The excitations at peaks 3 and
8 are followed by the spectator and normal Auger
decays, respectively. Therefore the spectator
decay is effective for the Cl+ desorption but not
for the CC13+ desorption. The result suggests that
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Fig. 1 Photon-energy dependences of electron and
desorption yields around the Cl K-edge.
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Photon-energy dependences of Cl KL2,L2,
spectator and normal Auger decays.
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ELEMENT SELECTIVITY OF FRAGMENT-ION DESORPTION FROM
ADSORBED PC13 BY ls-*c* RESONANT PHOTOEXCITATION
Yuji BAB A, Kenji YOSHII, Hiroyuki YAMAMOTO, Teikichi A. SASAKI and Wilfried WURTH"
Advanced Science Research Center, Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun, Ibaraki-ken, 319-11, Japan
1) Physik Department E20, Technische Universitat Miinchen, 85747 Garching, Germany
paper2*, we have elucidated in a similar system
that the Is—*a*(3p*) resonant photoexcitation is
mostly followed by the KL2 ,L2 s spectator Auger
decay, in which the excited electron remains in
the a* orbital during the Auger decay. Since this
orbital has highly antibonding character, we
conclude that the observed element-selectivity of
fragment-ion desorption is attributed also to the
spectator electron localized in the a* orbital.

Introduction
Photon stimulated desorption (PSD) following
inner-shell excitation has attracted much attention
in the field of surface science because of the
element-selectivity of primary excitation derived
from the localization of core orbitals. The
important point which should be clarified is
whether the localized excitation still alives or not
until the fragmentation and desorption happen.
In order to answer this question, we present the
results for the PSD of fragment ions from
multilayered PCI, following two different A"-edge
(P and Cl A"-edges) photoexcitations.

References
1) J.H. Scofield, UCRL-51326 (1973).
2) Y. Baba, K. Yoshii and T.A. Sasaki, Surf.
Sci. in press.

Experimental
The experiments were performed at the BL27A station. The purified solution of PCI, was
dosed on the Cu(100) at 85 K up to the 300
layers. The surface was irradiated by photons
around the P and Cl AT-edges, and the desorbed
ions were analyzed by a quadrupole mass
spectrometer in pulse counting mode. The
XANES was also measured with total electron
yield mode.
Results and discussion
Fig 1 shows the mass spectra of fragment
ions for PC1V Most of the desorption species in
PSD are atomic ions in contrast to the gas-phase
cracking pattern. This difference suggests that
the desorption of fragment ions is triggered not
by the inelastically scattered low-energy electrons
but directly by the core excitation.
It is
noteworthy that the P+ (P2+) ions are mainly
desorbed by the P K-edgc excitation (b) but the
Cl K-edge excitation induces only Cl+-ion
desorption (c). The results explicitly proves
that the core excitation which is localized in each
element completely alives until the fragment-ion
desorptions.
It should be noted that the
observed nearly perfect element-selectivity is not
only due to the localization of core excitation,
because the photons at Cl A"-edge would also
ionize the Pis electron (the ratio of the atomic
photoionization cross section (Op/CFC1) at the Cl Kedge (2.8 keV) is about 0.7"). In a separate
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Fig. 1 Mass spectra of fragment ions for PCly: (a)
cracking pattern of gas-phase molecule irradiated by 70-eV
electrons, (b) PSD at P AT-edgeexcitation, and (c) PSD at Cl
/(-edge excitation.
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Introduction

It is thought that the non-uniform distribution
of oxygen defects around uranium in the doped
UO2 may induce easy formation of oxygen
Frenkel-like defect with increasing temperature,
and thus decrease the onset temperature of the
heat capacity anomaly.

An anomalous increase in the heat capacity
curve of each (UixMx)02y sample (M :
lanthanides) was observed at temperatures from
about 550 to 1300K depending on dopant and its
concentration[1]. This anomalous increase was
interpreted as due to the formation of Frenkel
pair-like defects of oxygen and the dopant
dependence may have some relation with the local
atomic structure in this structure. Therefore, in
this study we have used EXAFS spectrometry to
determine the local structure around U in
(Uo.6oMo.Bo)02-y (M = Gd, Nd and Ce).

E
c

Experimental
The X-ray absorption measurement near U-L3
edge at room temperature was made with
Synchrotron Radiation by use of the EXAFS
facilities on the beam line 27B. The powder
samples of the single fluorite (U0.50M0 5o)02-y ( M =
Gd, Nd, Ce ) phase were prepared by heating a
mixture of UO2 and Gd2O3 (N&Os, CeCte) powders
at 1623K in purified Ar for 144h.

I1
calculated from lattice parameter

0543

0544

0.545

0 546

0 547

0 548

0549

Lattice constant / nm

Results and Discussion
The U-0 interatomic distances of UO2 and
(Uo50M05o)02y calculated from the least-square
fitting are shown in fig. 1. The U-0 interatomic
distances of UO2 and (Uo soCeo so)O2-y were almost
the same as those calculated from the lattice
constants by X-ray diffraction. On the other hand,
the presence of two kinds of U-0 interatomic
distances was found for (Uo.5oGdo.5o)02y and
(Uo 5oNdo 50)02 y from EXAFS dissimilarly to the
single value from the lattice constant. As in the
case of (UoisMgo 16)02 [2], oxygen environment
(including oxygen vacancies ) around the dopant
cations was also thought to be disordered i.e. nonuniform from EXAFS spectra.

Fig. 1 Uranium-Oxygen interatomic distance

References
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Introduction

edge is positive. It has been theoretically
reported *' that the density of states at the
Fermi level ( Mn 3d electron count ) are
largely shared by the majority - spin band
( Mn up-spin 3d electrons). These
experimental results of the MCD is
consistent with the theoretical calculation.
On the other hand the MCD of PdMnSb does
not show such large signal as observed in
NiMnSb. This can be explained on the
difference in the direction of the polarization
of the Mn d electrons between the electronic
structures of those compounds .

The intennetallic compound NiMnSb has a
peculiar band structure. The electronic
structures of the material have been
calculated and were found to be " halfmetallic" ferromagnets". The characteristics
of the material are interesting both
theoretically and experimentally. In order to
investigate the magnetic properties of the
material, we measured the magnetic
circular dichroism (MCD) associated with
excitation of atomic core electrons. The
measurements have been utilized to
investigate the magnetic properties of
various magnetic materials as a powerfull
method.

References

Experimental
The MCD spectra in the Mn 3p core
excitation region were measured using an
apparatus 2 ' with permanent magnet flip at
the beam line, BL28A, of the Photon Factory.
The sample surfaces were filed in the
vacuum chamber, and the absoiption
measurements were performed by the total
yield method because the thin films suitable
for the absorption measurements are not
able to obtain.

l)R.A.de
Groot
and
F.M.Mueller;
Phys.Rev.Lett.50 (1983)2024.
2) S.Muto, Y.Kagoshima and T.Miyahara;
Rev.Sci.Instrum.63( 1992)1470.

Results and Discussion
Figure 1 shows the MCD spectrum in the
Mn 3p region of NiMnSb. The notation of I^y
(ILCP) shows the total yield for right circular
polarization ( left circular polarization). In
the Mn 3p absorption edge located at about
52 eV,the MCD shows the large negative
sign, and the small MCD appeared in the
higher energy region above the absorpion

45

50
55
Photon Energy (eV)

Fig.l The MCD spectrum in the Mn 3p
region of NiMnSb.
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Introduction
In two-step double photoionization of nonpolarized atoms, it is very interesting how circular
dichroism for left and right circularly polarized
photons is observed in the angular distribution of
Auger electrons (the so-called fragmentation patterns)
in coincidence with photo-electrons1). We report the
first
experimental observation of the circular
dichroism in a two-step double photoionization
process, 4ds/2 photoionization in xenon with a
subsequent N5-O23Q23 'So Auger decay, which was
well investigated using linearly polarized light2).

3) E.Shigemasa et al., Rev. Sci. Instrum., 63(1)
1505 (1992).
4) K.Soejima et al., J. Phys. B: AL Mol. Opt.
Phys., 29 LI (1996).

Experimental
The experiment was performed at the BL-28A.
The fundamental photon energy was tuned at 110 eV
in order to free from a post-collision interaction
effect. Coincidences between the photo-electrons and
the Auger electrons were measured by two energy
analyzers placed in a perpendicular to the photon
beam direction). The photoelectrons were detected
with a 90° spherical sector analyzer which was setted
in a fixed position (polar angle: 90°, azimusal angle:
fixed) and the angular distribution of Auger electrons
was measured by a parallel plate energy analyzer in
coincidence with the photoelectron detection.
Results
Experimental results for right (R) and left (L)
circularly polarized lights are shown with statistical
error bars in Fig.l. Comparing figures (R) and (L), it
is proved that the fragmentation patterns for right and
left circular polarization are symmetric against to the
photoelectron detection direction. The experimental
results agree with the theoretical prediction4).
Refferences
1) V.Schmidt, Nucl. Instrum. Methods, B87, 24(1994).
2) B.Kammerling et al., J. Phys. B: At. Mol. Opt. Phys.,
26 1141 (1993).
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Fig.l The angular distributions of Auger
electrons in coincidence with 4d#2 photoelectrons in Xe for right (R) and left (L)
circularly polarized light sources. The solid
curves represent a theoretical prediction.
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The physical properties, in particular, the magnetic
properties of ferrhes have long attracted much attention
from both fundamental and technological points of view.
Magnetic circular dichroism (MCD) in core-level
absorption is element specific and site selective, thus
providing valuable information about the magnetic and
electronic states of magnetic substances. Here, we report
on the results of an MCD study of Fe3O4 and CoFe2O4
around the Fe M2 3 prethreshold multiplets.
The samples were a single crystal of Fe3O4 [1] and a
polycrystal of CoFe 2 0 4 . Disks of -10 mm in diameter and
2-3 mm in thickness were cut from the crystal rods. They
were mechanically polished to optical surfaces.
The
experiments were performed with a reflection method using
circularly polarized synchrotron radiation from a helical
undulator (BL-28A). A magnetic field of 1 T was applied
to the sample. The direction of the magnetic field was
reversed, with the helicity of the incident light fixed.
Figures l(a) and l(b) show the reflectance spectra of
Fe3O4 and CoFe2O4, respectively, around multiplet
structures in the Fe M 2 3 prethreshold region, measured for
two opposite magnetization directions.
Figure l(c)
displays the reflection MCD (RMCD) spectra deduced from
the spectra in Figs. l(a) and l(b).
Reflectance peaks B (in Fe3O4) and B' (in CoFe2O4)
are common to both compounds in energy position and
dominant intensity. They exhibit almost the same strong
negative MCD signals. Peaks B and B' could be associated
with an intraatomic transition in the Fe 3+ ions. In
contrast, features A and C can be seen only for Fe3O4 in
both the reflectance and RMCD spectra. This leads us to
infer that peaks A and C are attributable to intraatomic
transitions in the Fe 2+ ions. Although features A and B
were clearly distinguished in the previous reflectance and
RMCD spectra, the existence of feature C was not clear,
even in the RMCD spectrum [1]. The higher resolution in
the present measurements allows feature C to be well
resolved. Although features D and E (in Fe3O4) and D' and
E' (in CoFe2O4) are not evident in the reflectance spectra,
they manifest themselves as peaks in the RMCD spectra,
except for feature E. These features are also ascribed to
intraatomic transitions in the Fe 3+ ions.
The MCD measurements permitted resolving the Fe
M2 3 prethreshold multiplets which were not discernible in
normal absorption measurements. However, a quantitative
discussion of the MCD for the prethreshold multiplets
requires a detailed theoretical analysis which takes into
account the effects of the crystal fields with the C^ and T d
symmetries on the Fe 3d states.
[1] T. Koide et al., Phys. Rev. B 4 4 , 4697 (1991).
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Fig. 1. (a) Reflectance spectra of Fe3O4 in the Fe M 2 3
prethreshold region, (b) Reflectance spectra of CoFe2O4 in
the Fe M2 3 prethreshold region, (c) RMCD spectra of
Fe3O4 and CoFe2O4 deduced from the spectra in (a) and (b).
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Introduction
The electronic structure of SrRuO, has attracted
much attention in relation to the non-cuprate oxide superconductor Sr 2 Ru0 4 , because it can show some clues of
clarifying the mechanism of high-Tc La copper oxide
superconductor. Magnetic circular dichroism (MCD) gives
much information about the orbital magnetic moment and
gives much help in studying the electronic structure from
another aspect. SrRuO3 is a ferromagnetic metal (Tc ~ 160
K)1' and has residual magnetization, so it is appropriate for
MCD measurement.

SrRuO3
Ru4d Majority spin
Ru4d Minority spin
—— Maj.-Min.

12

Experiment

10

8

6

4

2

Binding Energy (eV)
Fig.l Band Calculation of SrRuO3. Below EF, the Ru 4d
partial density of state is mainly t2 like.
(arb. units

Experiment was performed at BL-28A. Each
measurement was carried out at hv = 52 eV (on-resonance
of Ru 4p -» 4d absorption) with the helical undurator set
at the left-handed circular polarization mode and at
temperature below T c (at ~ 60 K). Because the
fundamental mode of the helical undurator was also kept at
52 eV, the degree of circular polarization was expected to
be high (more than 90 %) 2) . Instead of changing the
photon helicity, magnetic field of ~ 1 KOe was applied
parallel and anti-parallel to the sample surface in each turn.

I

Results, and Discussions

n

Although difference was small and was sensitive to
the cleanliness of the sample, reproducible features were
observed. In the LDA band calculation (Fig. 1), both
majority-spin state and minority-spin state have no
structure at EB > 8 eV. MCD cross section AI = I(a+) I(a-) has been calculated (Fig.2) by taking the difference
between I(o+) and I(a-) that were normalized in the region
EB < 8 eV. I(o+) and I(a-) indicates the photoemission
intensity with the magnetization vector parallel and antiparallel to photon wave vector, respectively. Though the
statistic is low, plus-minus features can be seen for EB < 8
eV. This structure resembles the effect of MCD in Fe
core-level photoemission.3'
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Fig.2 MCD spectrum in the valence band region.
Rftfiprences
' A. Callenghan, C. W. Moeller, and R. Ward, Inorg.
Chem. 5, 1572 (1966)
21
T. Koide and T. Shidara, Photon Factory Activity
Report 11, 406 (1993)
3>
L. Baumgarten et. al., Phys. Rev. Lett. 65, 492 (1990)
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intensity ratio between the Lr and Z,2-edges is equal to -1
in the valence bands with no spin-orbit coupling. The
ratio is in good agreement with the statistical value of
-1, which indicates that the spin-orbit coupling in the Pd
4</-states collapses in the TM-Pd alloys. To verify
quantitatively this consideration, we have evaluated the
Pd Ad orbital, spin and total magnetic moments by
applying the present XANES and MCXD data to the
sum rules 3). The derived Pd Ad orbital, spin and total
magnetic moments are summarized in Table 1, as
compared with the results of neutron scattering 4>5). We
find that the orbital moments are nearly zero and the Pd
Ad magnetic moments dominantly arise from spin
character. This indicates that the Pd Ad orbital moment
is generally quenched in the ferromagnetic 3d TM-Pd
alloys.

Introduction
Magnetic circular x-ray dichroism (MCXD) has attracted much attention as a useful tool to investigate
local magnetic states in ferromagnetic or ferrimagnetic
materials. However, the measurements in an energy
region of 1.5-6 keV, in which the 1,3,2-edges of Ad TM
and the Ms,4-edges of 5/actinide are located, have not
been made yet because of some experimental difficulties
such as the attenuation of x-ray intensity in air and a
deterioration of the degree of circular polarization Pc due
to monochromatization by crystal. In this report we
present the XANES and MCXD spectra at the Pd £3,2edges in the disordered 3d TM-Pd (3d TM = Fe, Co, and
Ni) alloys at room temperature.
Experimental
The disordered 40.3 at%Pd-Fe, 23.1 at%Pd-Co and
22.2 at%Pd-Ni alloys were prepared by induction
melting under an Ar atmosphere. The sample with the
typical dimensions of 12X12X1 mm3 was cut from the
ingot. The measurements in fluorescence mode were
made on BL-28B. The intensity of fluorescent x-ray If
was measured by a fluorescent ionization chamber
(Lytle detector) with flowing N2 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 of light-path, as possible.
Since the obtained XANES and MCXD spectra are
deformed due to the self-absorption effect1*, we have
corrected the observed spectra using the procedure given
in ref. 1 to obtain true XANES p' and MCXD A p.'
spectra. The value of Pc was evaluated on the basis of
the dynamical theory of diffraction using the calculated
value of Pc for the incident x-rays emitted from EMPW.
Results and Discussion
Figure 1 shows the observed MCXD spectra at the Pd
Z,3,2-edges in the 3d TM-Pd alloys with the result of a
Lorentzian fitting for the MCXD spectrum. The MCXD
spectrum is negative (positive) at the Pd Z,3-edge (Liedge) . This feature directly shows the ferromagnetic
ordering between the TM 3d and Pd Ad magnetic moments. The MCXD spectra at the Z,3-edge can be satisfactorily fitted to a Lorentzian line shape; however, the
subsidiary structures observed at the Ni and Pt Z,-edges
are not clear within this signal to nose ratio.

Table 1. Pd 4d orbital, spin and total magnetic moments derived from
the sum rules in the 3d TM-Pd alloys (TM = Fe, Co and Ni).
Sample

Ps

PL

(Ps)
40.3 at% Pd-Fe 0.000
23.1 at% Pd-Co -0.004
22.2 at% Pd-Ni 0.003

MW(MB)

(PB)

0.406
0.372
0.202

MCXD

Neutron

0.406
0.368
0.205

0.354>
0.35 4>
O.155>

References
1) J.Jaklevic et al. : Solid State Commun. 23, (1977) 679.
2) J.L.Erskin and E.A.Stem : Phys. Rev. B12, (1975) 5016.
3) P.Carra et al. : Phys. Rev. Lett. 70, (1993) 694.
4) J.W.Cable et al. : Phys. Rev. 138, (1965) A755.
5) J.W.Cable and H.R.Child: Phys. Rev. Bl, (1970) 2809.
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Figure 1. The MCXD spectra at Pd 1,3,2-edges in (a) 40.3 at%Pd-Fe
(b) 23.1 at%Pd-Co and (c) 22.2 at%Pd-Ni alloys.

On the basis of the simple atomic model2), the MCXD
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INTRODUCTION

interaction; on the other hand, the R 5<£spins are coupled
antiparallel with the localized Fe 3d-spins. The 6-eV
structure can be assigned to the Fe 4p-states hybridized
with the R 4/1antibonding states. This assignment is
corresponding to the calculated electronic structure [1].
The R L-edge MCXD spectra in the Nd and Er
compounds are shown Fig.2. The U -MCXD is almost
composed of a single peak whereas the L»-MCXD shows a
complicated profile. It is also peculiar that the spectrum
shows the same sign at both edges, and that the intensity
ratio clearly deviates from the statistical ratio (-1).
Although we have no explanation for these observations at
present, it is necessary to take spin-orbit coupling,
magnetic ordering, hybridization, etc into account.

Since the NdJe^B permanent magnet yields high-energy
product and uniaxial anisotropy, R-Fe-B materials (R:
rare-earth element) have received extensive interest in
connection with application for insertion device of SR.
Magnetic circular X-ray dichroism (MCXD) directly
provides the element-selective information about spinpolarized electronic structure in magnetic atoms. In
particular the MCXD spectrum at Fe K-edge (\s-*4p) and
R .L<,?-edges (2p~*5d) is useful for understanding
hybridization between Fe 4p- and R 5ck>rbits. Moreover,
we may be accessible to the correlation between Fe 3dand R 4/4ocalized electrons.
EXPERIMENTAL

Reference
The MCXD {A fit ) and XANES {fit ) spectra were
receded in transmission mode using the left-circularly
polarized X-ray on the BL-28B. The MCXD (XANES)
spectrum are defined as the different (average) absorption
with reversing the direction of magnetic field of 6 kOe.
The spectrum was measured at the Fe /C-edge and R Li,2edges for the RJFeuB series (R=Y, La, Ce, Pr, Nd, Sm,
Gd, Tb, Dy, Ho, Er, Tm,Yb and Lu).

[l]Zong-QuanGuandW.Y.Ching : Phys.Rev. B27(1987) 8530.

RESULTS AND DISCUSSION
Figure 1 shows the Fe X-edge MCXD spectrum in this
series and pure Fe. Magnitude of the spectrum is rescaled
to the normalized XANES spectrum. Absorption edge
energy E> is defined as an energy of the first inflection
point in XANES. These spectra are possibly classified
into three categories: First, in the case of R with almost
closed 4/-shell (R=Y, La, Ce, Yb and Lu), the spectrum is
very similar to that in pure Fe, which suggests that the R
4/-electrons scarcely influence on the 4p-states. Secondly,
in the case of light R (=Pr, Nd, and Sm), the spectrum
exhibits a large negative portion at (£-£>)~6eV. Thirdly,
in the case of heavy R (=Tb, Dy, Ho, Er and Tm), the 6eV structure changes the sign from negative to positive.
These observations show the correlation between Fe 4pand R 4/orbits, because the number of R 4/-electrons only
changes in this systematic measurement. The sign of the
6-eV structure reflects magnetic ordering, i.e., the light R
compounds are ferromagnet, the heavy R ones show
ferrimagnetism. Delocalized R 5d-spins are coupled
parallel with the localized 4/-spins due to the exchange

0

20

0

20

E-E0 [eV]

Fig. 1. MCXD spectrum at the Fe K-edge in the fcFeu B and pure Fe
Er,Fe,,B

-0.04

-20

0

20

E-Eo'leV)

Fig.2. MCXD spectrum at the R Lj-edge (upper) and at the L j-edge
(lower) in the Nd and & compounds.
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1

Introduction

2

Experimental

, where < Sx > and < Tz > are expectation value of spin
angular momentum , magnetic dipole term .respectively
We can get magnetic information about ferromagnetic and n is the number of valence electron .
material by measuring circlar magnetic X-ray dichroism(CM The values of p « -0.1056 and 6 a 0.1302 were obXD), which is very powerful method to yield shell-selective tained in this experiment . If we take n = 2 , we get
information about magnetic ion under study .
< Lz > « -3.80 and < Sz > +3 < Tz > « 2.344 . In
UTe sample is known to show ferromagnetic behavior this case , the expectation value of magnetic dipole term
below T c =104K [1] and interesting physical properties in- , < Tt > is not negligible , so we took < Sz > of 0.605
herent to heavy fermion system at lower temperature [2] from magnetic Comptpn profile measurement of UTe [5] ,
. Therefore it is interesting to know the spin polarization resulting to < Tz > « 0.58 .
of U 5f electrons .
The spin polarization of 5p , 5d electron of Te by obIn this paper , we report on the CMXD of UTe and dis- serving CMXD signal of Li edge (2s - • 5p) , L3 edge
cuss separation of orbial angular moment , spin angular (2pa —» bd) of Te were also observed , suggesting the exmoment and magnetic dipole term by appling magneto istance of some hybridization between s,p and f electrons
optical sum rule[3].

References

The single crystal of UTe was made by Bridgeman method
. The specimen was mounted on Cu sample holder and
sealed by 12 /im Kapton under 1 atmosphere of He .
The measurement of CMXD was carried out at BL28B
beam-line of Photon Factory . The sample was cooled
by cryogenic refrigerator to 80K . The magnetic field of
6kOe generated by electromagnet was applied to this sample with reversing the field direction . The energy was
changed from 3.5 keV to 3.8 keV at the interval of 2 eV
with Si(lll) of monochromater in order to observe magnetic dipole transion in M4(3d| —> 5/) , Ms(3d» —» 5/)
edge of Uranium .

[1] O.Vogt . Physica 102B 206 (1980)
[2] J.Schoenes et al. Phys.Rev.B SO 6578-6585 (1984)
[3] P.Carra . Phys.Rev.Lett. 70 694 (1998)
[4] S.P.Collins et al. J.Phys.Condens.Matter
9825-9841

7 (1995)

[5] H.Sakurai et al. J.Phys.Condens.Matter
L599-L604

7 (1995)

Uranium M 4 5 Edge of UTe

I

3 Result and Discussion
The obsorved fluorescence intensity rate and the CMXD
signal of M4 , Ms edges of Uranium are shown in Fig 1
. The corrections of background and selfabsorption were
made so as to give calculated ratio of M4 to M5 intensity
and correct ratio of M4 white spectra to M4 edge jump as
suggested by Collins et al [4] . After these corrections , we
obtained expectation value of orbital angular momentum
, < Lz > by applying magnetooptical sum rules . In this
case ,the Sum Rule shows the relation

- -0.01
-0.02
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<LZ>

3(14-n)
2<SZ>
3(14-n)
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Energy(keV)
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Introduction
X-ray Magnetic Circular Dichroism (MCD) is a
powerful method to study local magnetism of
ferro- or ferri-magnetic materials. The K-edge
of a transition-metal(TM) is corresponded to
the transition from Is state to 4p state. It is not
very easy to interpret the K-edge MCD spectra,
because the final state(4p state) is delocalized
and the initial state(ls state) has no spin-orbit
interaction.
Present authors measured MCD of K-edge for
Fe4N which is known to have the cubic
perovskite structure and the curie temperature
of761K.
In the MCD profile, we found an interesting
phenomena that intensity of a white-line
increase remarkably with the decrease of
temperature.
Experimental
The MCD of Fe K-edge in Fe4N was measured
at 33 K, 120 K, 200 K and 300 K. The
measurement is carried out at the beam line PFBL 28B with circularly polarized hard X-rays
and transmission geometry.
The applied
magnetic field was about 6 kOe and reversed
every 4 sec. The Mossbauer spectra in Fe4N
was measured at 80 K, 120 K, 200 K and 300 K.
Measurement of magnetization with VSM was
carried out from 77 K to 300 K.
Results and Discussion
Fig. 1 shows the MCD spectra of Fe4N at Fe
K-edge. The intensity of a positive peak at 7.13
keV in the spectra increases with decrease of
temperature. The intensity of the peak at 33 K
is as strong as seven times that of peak at 300 K.
The other part of the spectrum, however, are
independent of temperature.
This relevant
energy range is called White-Line1. In normalXANES spectra the intensity of the peak at
7.13 keV was increased as temperature
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decrease. Debye-Waller factor would not be
the cause of the increase of MCD spectrum,
because Debye-Waller effect dosen't work so
much in this energy range. The temperature
dependence of the internal field was
considerably large as compared to other iron
compounds.
The shape of spectra were
unchanged.
The phase transition was not detected on the
measurement of magnetization with VSM.
The MCD and Mossbauer spectra were closely
related to the magnetism in short range, while
the magnetization curve have to do with the
magnetism in long range.
Therefore the
increasing of MCD intensity reflects the change
of magnetic ordering in short range.

i

7.10

7.11

7.12

7.13

7.14

7.15

Energy [ keV ]
Fig.l Temperature dependence of Fe4N MCD spectrum
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X-RAY MAGNETIC EXAFS IN Dy-Fe ALLOYS
Tetsuya NAKAMURA, Masaichiro MIZUMAKI, Hitoshi KIMURA, Kaoru HIGASHI,
Manabu YOSHIMI, Takahiro KAMO,Yasuhiro WATANABE, and Susumu NANAO
Institute of Industrial Science, University of Tokyo, Roppongi Minato-ku Tokyo 106.
Introduction
Magnetic EXAFS (M-EXAFS) is magnetic contribution
on a X-ray absorption spectrum in the energy region of
EXAFS and gives us the information about the pair
distribution of the spin polarization around the absorption
atom. The non-magnetic atoms as oxygen was not detected
by M-EXAFS and the magnetic back scattering amplitude
had positive correlation with magnetic moments. Though MEXAFS spectra must contain the information of the sign of
spin polarization, it has never been discussed even in
ferrimagnetic materials.
M-EXAFS in DyFei, in which the magnetic moment of Fe
fernmagnetically coupled with that of Dy, was measured at
Fe K-edge. For the data of M-EXAFS, the first analytical
method to derive the pair distribution of spin polarization
with its sign was suggested. All the idea came from the
deviation of F7] , which enables to make visually clear

corresponding to the direction of spin moments (Mx). The
confirmation of this result was made with our other
experiment in the Fe thin film, by the fact that the all peaks of
the \FT\ profile have positive sign. The pair distribution

the sign of spin polarization.

one is around R = 4.6 A • It is caused by the enhancement of
Fourier peak of the Fe site, because the intensity of Fourier
peak in this site must be strongly affected from the multiple
scattering (a focusing effect) and its magnetic effect is rather
stronger.
In summery, it was made clear that the
profile
gave the pair distribution depending on the sign of spin
moments. This analytical method presents a new aspect of
technique to investigate magnetic structures by M-EXAFS.

of spin moments was calculated to confirm its agreement
with \FT\ profile and showed with dotted line in Fig. 1.
I

isub

The pair distribution functions were calculated for Fe-Fe and
Fe-Dy
correlations,
and
the
spin
factor
(MSJ>y/MsFe = 5.0^B/\.6nB =3.125) was taken into
acount. The phase shifts for the Fe-Fe and Fe-Dy correlations
were subtracted from calculated value to coincide with the
\FT\
profile on the assumption that they were constant.
Though this calculated result was extracted by means of a
very simple procedure, the excellent agreement was obtained.
The only disagreement between frl profile and calculated
I

Experimental
DyFe2 alloy was prepared by arc melting under Ar gas
atmosphere. X-ray diffraction pattern for its powder sieved
with a 500-mesh screen indicated single phase of DyFe2. The
profiles of M-EXAFS at 20 K in DyFe2 powder at Fe K-edge
and Dy Ls-edge were measured at PF-BL28B with circularly
polarized X-ray. The transmission geometry, in which two
ion chambers used in front and behind of the sample, was
adopted and the applied magnetic field of about 6 kOe was
reversed every 4 second. The EXAFS spectra were given by
X/,os and Xneg for each direction of magnetic field. The
suffixes of POS and NEG indicate the positive and negative
direction of magnetic field applied to the sample, respectively.

Reference
1) Program "EXAFSH" ver.2.1 (The Univ. of Tokyo) coded
by T. Yokoyama, H.Hamamatsu and T.Ohta
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The M-EXAFS spectrum (Xm) w a s generally defined as
Eq.(l) and the conventional EXAFS's (Xo)w a s ty Eq.(2).
s

i
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Results and discussion
The profile described with a solid line in Fig. 1 shows the
F7^
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profile at Fe K-edge. FTpos and

FTneg denote Fourier transformed spectra of XpOsand Xneg,
respectively. Some indexes (Fe or Dy) in the figure located
on the positions that correspond to the distance of Fe site or
Dy one from the absorption atom. The noncollinear shift of
peak positions by phase shift was not adjusted in Fig. 1. The
sign of peaks in the \FT\ profile is strongly expected to be
I

.Dy

-

§
Xo=lXpo,+ZMt)
12
(2)
The Fourier transformation was calculated by using the
program "EXAFSH" °.
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Fig. 1 The \FT\
I

isub

R( A )
profile at Fe K-edge in DyFe2 (a solid
'

"

line) and the calculated pair distridution function of
spin polarization (a dotted line). The some indexes
reveal the positions of atoms. The adjustments of
phase shift were not included.
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DYNAMIC INTRAVENOUS CORONARY ANGIOGRAPHY BY USING SYNCHROTRON RADIATION AND ITS APPLICATION
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Introduction
A noninvasive procedure that permits the
simultaneous evaluation of coronary anatomy and
coronary blood flow has been sought for the
diagnosis of coronary heart disease. We have
developed dynamic intravenous coronary angiography (IVCAG) by using a two-dimensional X-ray
beam from synchrotron radiation and investigated
the ability of dynamic IVCAG to visualize the
coronary arteries and to estimate coronary blood
flow in animals.
Experimental
Synchrotron radiation is produced bybeamline
NE5 or NE1 from the accumulation ring. The electron
acceleration energy was 5.8 GeV. The average beam
current was 30 mA. The synchrotron beam was
reflected
asymmetrically
with
the
(311)
diffracting planes of a silicon crystal and was
enlarged to a 70mmX 70mm monochromatic X-ray beam,
with an energy level just above the iodine attenuation edge (33.3 KeV) to achieve a high
sensitivity to the contrast agent. The resultant

was measured with an electromagnetic flow probe.
In other 4 dogs, a peri vascular Doppler flow probe,
that had been implanted a few weeks before, was
used to measure LAD flow velocity.

The dynamic IVCAG enables us to acquire the
coronary arteries in the dogs and goat. We could
visualize even an intentionally created coronary
stenosis about 1 mm in length.
In addition, coronary blood flow could be
estimated from the dynamic IVCAG with
an
acceptable degree of accuracy. LAD flow calculated from IVCAG was 14.7+5.1 ml/min, whereas LAD
flow measured with an electromagnetic flowmeter
or ultrasound flowmeter was 16.6^4.8 ml/min.
There was a close correlation between the estimated and measured LAD flows (r-0.90, p-0.0002)
(Fig. 1 ) .
Discussion
We performed IVCAG in dogs and a goat, and
investigated its use for visualizing the coronary
arteries and for estimating coronary blood flow.
The present results showed that our dynamic IVCAG
images enable us to visualize the coronary arteries
with sufficient image definition to reveal a
coronary stenosis less than 1 mm in length; they
also showed that coronary blood flow can be
simultaneously estimated from the IVCAG with an
acceptable degree of accuracy. Dynamic IVCAG using
synchrotron radiation is minimally invasive and
seems to be feasible for clinical application.

intensity of the X-ray beam was 2 . 5 X 1 0 photons/mm2 /sec by beamline NE5 and 2.8X10 1 0 photons/mm /sec by beamline NE1. Imaging was acquired
with an image intensif ier and monitored with a CCD
camera. The CCD camera was adjusted to obtain an
each image for 2 or 4 msec at 30-msec intervals.
Thirty-three images per second were obtained and
recorded with a video recorder. For image analysis,
the images were fed into a digitizer and were
analyzed by a computer and image processing
equipment.

(ml/min)

First, we investigated the ability of the
IVCAG in visualizing coronary artery in dogs and
a goat. The dogs were anesthetized, received an
intravenous injection of contrast agent and were
irradiated. IVCAG was repeated after producing
coronary stenosis by encircling the artery with
a thread. To determine whether our CAG system were
applicable to humans, we also performed IVCAG in
a goat by using beamline NE1. A goat, 40 Kg, was
anesthetized and was irradiated followed by an
intravenous administration of contrast agent. The
width of the goat's thorax was about 30cm, similar
to that of the human.
Second, we tried to estimate coronary blood
flow from the IVCAG in dogs. We estimated blood
flow in the left anterior descending coronary
artery (LAD) from the IVCAG by applying a transit-time analysis. We measured the visualized
distance in the LAD during one cardiac cycle and
calculated the mean coronary flow velocity by
dividing the distance by the length of the cardiac
cycle. Then, the LAD flow was obtained by
multiplying the mean coronary flow velocity by the
LAD cross-sectional area. The estimated value
was compared with the flow value actually measured.
Six dogs underwent thoracotomy and their LAD flow

25

r-0.90
p-0.0002
acutely instrumented

y - 0.87 x + 3.8

O chronically instrumented
dogs

10

5

io

15

20

25 (ml/min)

Estimated LAD flow
Fig. 1:
Relationship between estimated and
measured blood flow in the left anterior descending
coronary artery (LAD) . Although the estimated flow
was about 12% less than that measured, there was
a close correlation between the two (r-0.90,
p-0.002).
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given by

Introduction
Compton scattering is a sensitive technique
for investigating the ground-state electron momentum
density «(p), since the Compton profile J(p2) is given
by

where J(pz)aic is the valence electron Compton profile
of C24K or C8K, and J(P,)HOPG is that of HOPG. The
areas under the profiles are normalized to the number
of valence electron per a carbon atom, in which the
intercalation effect is more clearly visible in A/(/?r).
Figure 1 and 2 show AI(pz) along the c-axis
and averaged over a-b plane. The overall feature of
AJ(p,) between C8K and HOPG is similar to that of
C6Li [1], in which complete charge transfer from
Lithium atoms to graphite layers is expected.
However, conclusive remarks on the electronic
structures have to wait for highly accurate band
theoretical calculations.

within the impulse approximation. In the independent
particle model, «(p) is given as

in terms of the electron wave function ^ ( r ) , which
can be obtained by a band theoretical calculation.
Therefore, the Compton scattering experiment is
served as one of best tools to discriminate between
electronic structure models proposed for a complex
material.
Potassium-graphite intercalation compound
(GIC) C8K is such a material, in which a conclusive
remark has not been reached about the charge transfer
rate from potassium atoms to graphite layers.
Keeping these considerations in mind, we
report here high-resolution Compton profiles of
potassium-GICs C8K, C24K and highly oriented
pyrolytic graphite (HOPG).

Reference
[l]G.Loupias,
J.Chomilier
and
J.Phys.Lett.(Paris) 45, L301(1984)

D.Guerard,

Along c-axis
0.05'

\

C.K-HOPG

°

Experimental
The measurements were carried out with the
spectrometer installed at the AR-NE1 beamline. The
energy of the incident x-rays is 59.38 keV and the
scattering angle was set to be 160 degrees in order to
satisfy the impulse approximation. The overall
momentum resolution is 0.08 au.
During the measurements, samples are kept
in a vacuum of better than 10-6 torr in order to
prevent from oxidizing. Any oxidization on the
sample surface was not found after the measurements.
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0.0

0-5

Pi(au)

1.5

1.0

Figure 1
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Results and Discussion
Figure 1 shows the difference profiles
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Introduction
The Compton scattering measurement provides
an unique tool as a direct probe for Fermi surface
(FS) signatures in the electron momentum density
«(p), since the Compton profile J(pz) is given by

theoretical profiles include the effect of experimental
resolution broadening.
Fine structures observed in the experimental
first derivative curves show excellent agreements with
the theoretical predictions. The structures denoted by
A - E arise from the FS sheets and the structure F is
due to the boundary of the second Brillouin Zone (BZ).
In particular, the dip C is clearly observed, which is
corresponding to the surface of the cigar on the third
BZ around K-point in the basal plane.

within the impulse approximation.
Beryllium is one of best elements to perform the
feasibility test of the probing since half of it's
electrons are involved in forming two valence bands.
The FS of beryllium is well known to consist of two
sheets, the hole-like 'coronet' in the second band and
the electron-like 'cigars in the third band.
The present measurements have exposed
clearly the FS signatures, predicted by the highly
accurate fully charge self-consistent KKR
computations.
Experimental
The measurements of the Compton profiles
along the [0001] and [1120] directions were carried
out with the spectrometer installed at the AR-NE1
beamline. The energy of the incident x-rays is 59.38
keV and the scattering angle was set to be 160 degrees
in order to satisfy the impulse approximation. The
overall momentum resolution is 0.08 au. The
accumulated counts at the Compton peak are about
0.7 and lxlO6 for the [0001] and [1120] directions,
respectively.
The data-processing is done using our standard
procedure in which the raw profile is corrected for the
background noise, detection efficiency, absorption in
sample, double scattering and Compton scattering
cross section.
Results and Discussion
Figure 1 and 2 show the experimental
Compton profiles and the first derivative curves along
the [1120] and [0001] directions, together with those
of the KKR computations.. The first derivatives
reveal the FS signatures more clearly The

Figure 1

Figure 2
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3D-ELECTRON MOMENTUM DENSITY OF ALUMINUM BY MEANS OF
TIME OF FLIGHT X-cX SPECTROSCOPY
Fumitake ITOH*, Hiroshi SAKURAI*. Makoto Ozaki*.
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* Department of Electronic Engineering, Faculty of Engineering, Gunma University, 1-5-1 Tenjincho,
Kiryu, Gunma 376, Japan
** Photon Factory, National Institute for High Energy Physics, 1-1 Oho, Tsukuba, Ibaraki 305, Japan
can be obtained from the recoil electron Compton
profile even for the thick sample as much as
lum. This is because the useful signal may be
produced from the sample surface and the multiple
scattering effects may lie as a rather uniform
background.

Introduction
In the previous paper", we proposed a time of
flight X-eX spectrometer as a noble method to
obtain three dimensional-electron momentum
density(3D-EMD) where a time of flight(TOF)
method was used as a detector to analyze the
energy of the recoil electron in the Compton
scattered process.
In this paper, we report the 3D-EMD of
aluminum porycrystalline sample and compare with
some numerical simulation of multiple scattering
effects.

l)F.Itoh, KSakuNU, M.Ozaki, RHashimoto,
S.Kisbimoto and H.Kawata; Photon Factory
Activity Report 1994 Vol.l2(1995)382.
2)H.Sakurai, F.Itoh, M.Ozaki, RKawata, M.Ito and
SJQshimoto; 2nd Int.Workshop on Compton
Scattering and Fermiolpgy, 1995, Japan, p.456.
3)F.Salvat andJPareUada, JPhys.D 17(1984)1545.
4)M.Ozaki, Master Thesis, Gunma University
(1996).

Experimental
Experiments were performed at AR NE1 station
at KEK using almost the same X-eX spectrometer
as shown in the previous paper1'. The X-rays of
65 keV emitted from the Accumulation Ring in a
single bunch mode with a repetition time of
1.28us were impinged on the sample. The recoil
electrons were detected by multichannel
plate(MCP) in coincidence with the scattered
photons detected with solid state detector,
measuring the TOF for the recoil electron to
travel from the sample to the MCP. The TOF
was then converted to the momentum, yielding
directly the 3D-EMD, pip^pj.
The momentum
resolution was about 1 atomic unit in the present
setup.

Pz(A.U.)

Results and Discussion
Measurements were carried out on aluminum
samples with various sample thickness of 150, 200
and 300nm in order to study the multiple
Compton scattering effects inside the sample.
Figure 1 shows obtained 3D-EMD of aluminum,
piOfltP^f. It is seen that pCOApJ of aluminum
does not depend very much on the sample
thickness.
A multiple scattering effects on p(O,O,p,) of
aluminum was calculated for various sample
thickness based on the Monte Carlo simulation3'
with photon numbers of 10* in Fig.24'. The
'theory' in Fig.2 denotes free electrons + core
electrons(ls22s*2p6). All the spectrum are
convoluted with the experimental resolution. It is
seen that the sample thickness does not affect
very much the 3D-EMD and well explain the
present experiment, although the ratio of single to
multiple scattering events decreases with increasing
the sample thickness4'. The present simulation,
therefore, implies that the 3D-EMD information
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Fig.l. Experimental p(O,O,pJ of aluminum
with sample thickness of 150, 200 and 300nm.

Fig.l Computer Simulation of p(0,0,pj of
aluminum with sample thickness of 5, 150,
200, 300 and lOOOnm.

94G353
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64.7keV.

Introduction
The coincidence technique between Compton
scattered X-ray and the recoiled electron (X,eX)
provides direct information of 3D electron
momentum distribution (3D-EMD)1*. If we
could measure not only the direction of the
recoiled electron but also the energy, it was
possible to measure the state-selective 3D-EMD
by using a binding energy effect. This report
presents the possibility of the state-selective
measurement of 3D-EMD from graphite foil.

Acknowledgments
The authors are indebted to Prof. Dr. F.Bell for
providing a self-supporting graphite foil.

Reference
[l]F.Bell, A.J.Rollason, J.R.Schneider,
W.Drube, Phys.Rev.B 41,4887(1990)

Experimental
The experiment was carried out at ARNE1
beam-line. Figure 1 shows the schematic view of
the experiment. The incident X-ray whose
energy was hw=65keV entered an evacuated
sample chamber. A Ge solid state detector
(resolution ~0.43keV) was placed at a scattering
angle 0~15O°. A Multi-channel-plate electron
detector was mounted at $~12.3°, and the
electron energy was measured by time-of-flight
method. The electron fight pass(L) was 2m, and
the over all electron energy resolution was
~-0.32keV. The sample was a self-supporting
graphite foil whose thickness was 5ug/cm2.

figl. The schematic view of the experiment.

Results and Discussion
Figure 2 shows the obtained coincident events
between the Compton scattered energy (h«')
and the recoiled electron energy (T). Each axis
also corresponds to the electron momentum (pi).
The coincident events should keep the following
relationship
of
energy
conservation;
hto=ho)'+T+Eb, where Eb is the electron binding
energy. The solid (dashed) line is hco'+T=65keV
(64.7keV). These lines correspond to the
relationship for valence electrons and Is core
electrons (Eb=284keV for Is electrons),
respectively. Because the mail contribution of
events comes from valence electrons, in low
momentum region these are located around
solid line. In high momentum region, Its main
contribution comes from Is electrons and these
are located around dashed line. In order to show
this binding energy effect clearly, figure 2-2
shows the event distribution for total energy;
ho)'+T, at each momentum regions in figure 2-1.
The peak position of Lane A. which corresponds
to the events at low momentum region , is
located at 65keV. That of Line B is located at

-J

electron momentun : Pz (atomic unit)
0
S

9

10 11 12 13 14 15

16 17 18

recoiled electron energy : T (keV)
Fig2 The coincedence events from a graphite foil.
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INTRODUCTION

7.12uB[2], the magnetic moment of the 4f electrons along

Magnetic Compton Profile (MCP) represents the one-

the direction of the magnetic field is evaluated to be

dimensional magnetic-electron distribution in momentum

6.77pB, and that of the s, p-like electrons O.347±O.135uB.

space, which gives us new information of magnetic

It cannot be denied that the crystalline configration in the

materials mentioned below. Magnetic electrons, such as

amorphous alloy makes canting magnetic moments of the

3d, 4f, and s, p-like electrons in the materials have their

4f electrons. It is worth mentioning that the result of the

own charateristic momentum distributions. Therefore, we

MCP of pure Gd polycrystal measured in the same

can analyze individual magnetic moments of 3d, 4f, and s,

geometric configration at the same temperature shows that

p-like electrons separately from an MCP of a sample

the ratio of the magnetic moment of s, p-like electrons to

composed of these electrons[l]. We have performed an

that of 4f electrons is 0.506±0.03 to 7.0. Thus the ratio in

MCP measurement of amorphous Gd^Cu^ alloy to

the Gd^Cu^ amorphous alloy is smaller that of pure Gd

evaluate the magnetic moments of 4f- and s, p-like

metal.

electrons separately. The motivation is based on that the
magnetization measurement of this alloy indicates a

REFERENCES

smaller magnetic moment per Gd atom than that of pure

[1] N. Sakai, Mat Sci. Forum 105-110, 431, (1992).
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[2] K. Yano, private communications.
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The MCP of Gd^Cu^ amorphous alloy was measured at
the AR-NE1 beamline. Circulary polarized x-rays from an

Figure 1 The MCP of Gd^Cu^ amorphous alloy at 10K.

ellipical multi-pole wiggler were monochromatized and
focused by a single channel-cut bent Si crystal.

The

Gd

60 C u 40

10K

energy of the incident x-rays used was 47.1 keV. The

1.5

sample was cooled by a closed-cycle helium refrigerator.

• i I r i

i i I i i i i i i r

The temperature of the sample was held to be 1O±1K. The
magnetization direction of the sample was reversed by an
electromagnet. The magnetic field used was 0.5 T.

1.0
N

RESULTS AND DISCUSSION
The result of the MCP is shown in Fig. 1. The profile can
be fitted to a theoretical Compton profile of atomic 4f

0.5

electrons of Gd calculated by relativistic Hartree-Fock
method[3]. The theoretical profile is shown by a break
line. The distribution of the s, p-like polarized electrons

0.0

is observed around pz=0 a.u. above the theoretical 4f

10

profile. The ratio of the area of the s, p-like electron part

Pz(a.u.)

to that of the 4f electron part is 0.359±0.14 to 7. Together
with this ratio and the measured total magnetic moment of
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data of Co-3d and diffuse components.25 The free
atomic Compton profile of Sm-4f is taken from
Ref. 3. A well fit is shown in Fig. 1 by the solid
curve. The Co-3d, Sm-4f and diffuse components are
described by the dashed, dash-dotted and dotted
curves, respectively. It is found that the Sm-4f
spin moments are antiparallel to the Co-3d spin
moments which mainly contribute to the bulk
mapetization. The ratio of Co-3d to Sm-4f is
2.8:1 which was calculated from each area between
Pz=0 and 10 a.u.. This experiment confirmed the
usefulness of a pulse mapet to the MCP
measurements. Low temperature measurements using
a sapphire sample holder were already made in a
hcp-Sm prepared by the melt spun method. The
details are reported in elsewhere.0

Introduction
An external magnetic field is usually
indispensable for the magnetic scattering and
absorption experiments using circularly polarized
synchrotron
radiation x-rays.
In these
measurements, electromagnets or superconducting
mapets are generally used. However, both kinds of
mapets have the following disadvantages. The
former can generate only magnetic field within
several koe. The latter takes much time to
reverse the direction of the mapetic field.
Therefore, we schemed to apply a pulse mapet to
x-ray mapetic compton-profile (MCP) measurements.
Experimental
The MCP experiments were made on AR-NE1. The
incident x-rays were monochromatized to 60 keV.
The scattered x-rays with a scattering angle of
160° were detected by a 13-segmented Ge detector.
The pulse mapet the so-called Bitter type mapet
was brought into the hatch of the beam line. The
details of the mapet were shown in a previous
activity report. ° To demonstrate the performance
of the system, the c-axis oriented SmCo5, which is
known to be a hard mapet, was used as a sample.
The pulsed mapetic field of 12T was applied to
the sample to reverse the mapetization direction.
Measurement was done with residual mapetization
at room temperature.

[xio5] p i Z

Results and Discussion
The MCP is isolated by subtracting the spin-up
and spin-down signals. The obtained MCP spectrum
of SmCo5 is shown in Fipre 1 with solid circles.
A sharp dip is seen in the region within 2 a. u.,
and is probably due to the negative spin
polarization of 4s, 4p and 5d delocalized
electrons. The mapetic Compton line shape is
thought to be composed of contributions of Co-3d,
Sm-4f and diffuse moments which have different
characteristic profiles. Therefore, the least
squares fitting was made to decompose the profile
into three components. The experimental MCP data
of polycrystalline Co are used for the fitting

P2(a.u.)
Fig. 1. The mapetic Compton profile of SmCo5 and
the least square fitting result.
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The magnitude of the localized 4f moment
of Sm3+ coula be significantly modified in solids
due to its small value resulted from almost
cancellation between the spin part and the orbital
one and the admixture of the excited J levels
into the ground level caused by the exchange
interaction and the crystal fields. In metallic
cases, furthermore, the small value of the 4f
moment makes the contribution of the
conduction electron spin polarization to the total
moment quite substantial. Recent magnetic
analysis of hep Sm[l] prepared by melt spinning
indicates that the spin part of the magnetic
moment, which is enhanced by the interionic
exchange interaction and the conduction electron
spin polarization, exceeds the orbital part of it.
In this case, the spin moment is expected to be
parallel to the total moment and the orbital one
to be anti-parallel, which is opposite to the
normal case. To verify this interpretation, we
have then made a magnetic Compton scattering
(MCS) experiment, by which we can examine
the distribution of the electron "spin"
polarization in momentum space.
The experiment was performed using
circularly polarized synchrotron radiation X-rays
emitted from the elliptical multipole wiggler on
KEK AR beam line NE1. The energies of the
incident X-rays were 69.5 keV and the energy
spectra of the scattered X-rays were measured
using a multi -segmented Ge solid state detector
with the scattering angle of 160 degree. To
overcome the magnetic hardness of the sample,
the measurement was made at 150 K, which is
10 K below the ordering temperature, and pulsed
magnetic fields of 10 T were used to reverse the
magnetization[2].
Figure 1 shows the obtained magnetic
Compton profile (MCP) Jmig(pJ, where pz means
the component of electron momentum in the
direction of the scattering vector. Compared with
the profile of a SmCos standard, we can
conclude that the positive values of the MCP for
hep Sm imply the positive contribution of the
spin moment to the total one. A broken line in
Fig.l is the relativistic Hartree-Fock profile of
the 4f electrons[3] and the difference with the
experimental data in low momentum region
means the conduction electron contribution.
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In conclusion, we have applied MCS to the
study of the moment formation of Sm3+ in hep
Sm and verified that the spin moment
contributes positively to the total one and that
the appreciable incorporation of the conduction
electron spin polarization exists in the total spin
moment.
The authors would like to express their
sincere thanks to Prof. Miwa of Shinshu Univ.
for his valuable discussion. Mr. M. Ito of
Graduate Univ. for Advanced Studies is also
acknowledged for his help in the experiment.

Pz [ a.u.]
Fig.l The MCP of hep Sm
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Introduction
X-ray magnetic circular dichroistn (MCD)
measurement of photoabsorption has been a powerful
experimental technique to investigate the magnetic
properties of various magnetic materials. U3) The current
MCD measurements give the spectroscopic information
mostly as a value spatially averaged over the beam size. It
is well known that the magnetic materials have magnetic
domains. If a microscopic approach is introduced,
differently oriented magnetic domains can be imaged by
the contrast arising from MCD. Further, if an x-ray
microbeam is used as a probe, one can perform not only
the observation but also the domain-specific
spectroscopy.
Experimental
The scanning x-ray microscope was built at the
beamline AR-NE1B. Circularly polarized x-rays were
produced by the helical undulator operation mode of the
insertion device, EMPW #NE1. 4 ) The x-rays were
monochromatized by a grazing incidence grating
monochromator and post-focused both vertically and
horizontally. A pinhole with a diameter of 50 (im was
placed at the post-focused point to collimate the x-ray
beam. Regarding the pinhole as a secondary light source,
the x-ray beam was focused onto a sample by a
demagnifying optical system using a zone plate. The
focused beam was incident obliquely to the sample at an
angle of 30° from the surface in order to extract
effectively the MCD contrast because the magnetization
direction of the sample was in-plane. The sample was
scanned two-dimensionally, while measuring
simultaneously the electron yield (I) from the sample and
the incident intensity (I o ). The two-dimensional
distribution of the normalized electron yield (I/Io) was
displayed as a microscopic image.
The focused spot size was evaluated to be 1.0 nm.
The magnetic sample was a commercially available 8 mm
Video tape on which the nickel was deposited with a
thickness of SO nm. Before the deposition the magnetic
pattern was recorded in the tape. The pattern consisted of
domains with alternating in-plane magnetization
direction. Fig.l shows the micrographs of the same area
of the sample taken at Ni-L3 and Lj edges. The magnetic
pattern was clearly observed with reversed contrast to each
other. Further, Fig.2 shows the magnetic domain-specific
absorption spectra measured with the position of the x-ray
spot fixed inside a single domain denoted as A or B in
Fig.l. Those results were consistent with the well known
MCD effect in the L-absorption edges due to the magnetic
moment of magnetic 3d transition metals. Namely, the
photon spin (direction of circular polarization) and the
magnetization direction were parallel in domain B while
antiparallel in domain A. It was confirmed that our

microscope can offer element- and domain-specific x-ray
magnetic microspectroscopy in a sub-micrometer scale.

Fig.1. Micrographs of the same microscopic area of the
nickel deposited layer taken at two photon energies of a)
854 eV and b) 871 eV. The number of pixels, a pixel size
and a gate time of the images were 40 x 20 pixels, 2 urn x
4 urn and 1 sec/pixel, respectively.

845 850 855 860 865 870 875 880 885
Photon energy (eV)
Fig.2. Magnetic domain-specific absorption spectra taken
by fixing the position of the x-ray spot inside a single
domain A or B in Fig.1. A solid and a dashed lines are the
spectra from the domain A and B, respectively.
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data obtained by the TEY method. This implies the
validity of our results. Except the sample with tco =
3A, it is clearly seen that the orbital angular momentum is greatly enhanced in Co/Pt multilayers as compared with that in Co single crystal (1.3 times greater
in average.). This result is in agreement with recent
theoretical predictions.

Since the discovery of perpendicular magnetic
anisotropy in Co/Pt multilayers1, many researches
have been carried out from both the fundamental and
practical points of view. With decreasing Co layer (i.e.,
ferromagnetic layer) thickness(*co)f the easy axis of
magnetization changes from the in-plane direction to
out-of-plane one (tco < 9A). This change might be attributed to the influence of interfaces of the artificial
layered structure on the magnetic properties.
Five 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. We have
already reported the experimental results of the magnetic circular dichroism(MCD) at the Co 3p and the Pt
4f core-edges2. Changing the Co layer thickness from
3A to 14A with almost the same Pt layer thickness, it
was found that the MCD spectra at the Co M2,3 edge
of the samples with perpendicular magnetic anisotropy
are different from those of the samples with in-plane
magnetic anisotropy, indicating the change in the Co
3d band structure. It was also found that the magnetic
moments are induced on the Pt atoms and ferromagnetically coupled with those on the Co atoms. Furthermore, we found that the orbital magnetic moment is
enhanced in Co/Pt multilayers as compared with that
in Co single crystal. However, we could not deduce
quantitative values, because the small spin-orbit interaction of Co 3p hole disenables a simple explanation
based on the atomic model.
We have performed MCD measurements at the
Co 2p edges (L2,3) using circularly polarized undulator
radiation on beainline AR-NE1B. The MCD spectra
were taken with the total electron yield (TEY) method
under magnetic fields of ±1T; i.e., the photon helicity
was fixed and the magnetic field was reversed.
Figure 1 shows the MCD spectra around the Co
L.2,3 edges. The spectrum of a Co single crystal film is
also shown for comparison. Except the MCD intensity
which depends on the Co volume in the whole system,
the overall features cire similar to each other; a strong
negative peak (L.t) is followed by a positive one (L2).
Together with the x-ray absorption spectra (not shown
here), orbital angular momentum was estimated by the
following formula3;

4/20

6/14^ "
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2
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Photon Energy (eV)
Fig. 1 MCD spectra around the Co L2,3 edges. Co
layer thickness(A)/Pt layer thickness(A) are denoted.
The spectrum of a Co single crystal film is also shown.

3
10
.
Co Layer Thickness (A)
Fig.2 Expectation values of the orital angular momentum, (L z ). The dsita for Co obtained by the transmission method 5 is also plotted for comparison.
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For Ti3d, which is the Co 3d electron occupation number, we used a value of 7.51, as averaged from those
values reported in refs.4. The result is shown in Fig.2.
Another result for Co thin film obtained by the transmission method5 is plotted. It is quite close to our
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Introduction
The aim of this work is to research and
develope thin-film mirror for producing nuclear
resonance scattering, 14.4 keV Mossbauer
Y -ray, from the mirror.
Experimental
Two specimens A and B were prepared. The
A has a flat 30mmx30mm surface coated in a
vacuum evapolation process with aluminium of
thickness 170 A on 90% enriched S7 Fe layer of
thickness 170 A deposited on a quartz plate
with thickness 10mm. A flat surface of the B
with the same size as the A was coated with
Alo.sS7Feo.5 layer of thickness 40 A on Pd
layer of thickness 2000 A deposited on a quartz
plate of the same size as the A.
The experiment of the nuclear resonance
scattering was performed at the undulator beam
line AR-NE3 Al of the KEK. The synchrotron
current and energy are 15-50 mA and 6.5 GeV,
respectively, in a nsec short time pulse. The
first monochromator uses the double 111
reflections of silicon crystals. The second one
consists of two channel-cut crystals placed in a
nested geometry and has energy resolutionpower 1 0 6 . The aymmetric 422 reflections
and the symmetric 1222 reflections of each
silicon crystal are used.
Time spectra of the specimens A and B,
which prove emission of 14.4 keV resonant
radiation from the specimens, are obtained.
After prompt nonresonance scattering, a
quantum beat of delayed resonance radiations
speculary reflected from the mirror A is
observed. But, a single decay of delayed
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resonant radiation after prompt nonresonance
scattering is observed for the mirror B. They
corespond to the Mossbauer scattering spectra
with 6 Zeeman splitting lines and single lines,
which were measured previously with radiation
from 10 mCi Co S7 . The scatterings are divided
into prompt nonresonant and delayed resonant
events. The delayed and prompt components of
the specular reflection are measured separately
using time gates. Intensity of specular
reflections at grazing angles between 0-3500"
are measured by step scanning method.
Result
Figure shows the angular dependence of
nonresonance(solid line) and resonance(marked)
scatterings from the specimen A. Measurement
of prompt and delayed components using three
time gates with retardation times 27ns, 37ns
and 46ns is made at each angular positions.
The similar results are obtained for the
specimen B. In conclusion, Specular resonance
scattering peaks near the critical angle for
total reflection of X-rays by electron. The
maximum counting rate of resonant photon
15Hz is obtained.
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Introduction
The development of a K-edge energy subtraction Xray television system for noninvasive angiography that
consists of a high-speed mouochromator, two CCD
cameras and an image processing system is described
in [1]. The 99-KeV component ( 3 times higher energy
than the K-edge of contrast material iodine, referred to
as the 3rd component in a later part of this paper) contained in a monochromated X-ray degrades the quality
of images obtained by the usual logarithmic subtraction method. A noniterative method compensating the
effect of the 99-KeV component is proposed and its validity is verified by computer simulation in this paper.

(a) logarithmic division

(b) proposed method

Model : contrast material cylinder (<j> =3mm, with stricture) and body thickness IB = 20 cm to 22 cm.
Figure 1: Simulation Results (-Y3/A'i = 0.1)

Basic Relationship
Method
The equations (1) and (2) can be rewritten as follows:

Taking into account that a monochromated X-ray
contains a basic component as well as a 3rd component, the basic relationship at a position r in an image between the equivalent thicknesses and the output
brightness of X-II ( X-ray image intensifier ) is shown
as follows:
+5 3 .Y 3 e"' J f l 3 ' B ( r ) ~'" 3 '' t r )

ZL(r)

ZH(r)
ZL(T)

=
=

(1)

+

=

) - sH - xi
r)-s3x3
-Si
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r)-s3-

where IB and // are the thicknesses of body tissue and
iodine, respectively, /t is the line absorption coefficient,
.Y and 5 are the photon numbers of a monochromated
X-ray and the photon gains of the X-II of each energy component, respectively. In these equations, subscripts 'H' and 'L1 mean components of the higher and
lower side of the K-edge energy, respectively, and subscript - 3' means the 3rd components.
If A'3 = 0, then division or equivalent logarithmic
subtraction cancels IB perfectly, and the obtained image contains only //. When A"3 ^ 0, this cancelation
does not work well.
However, the above two equations can solve them
theoretically, because they contain only two unknown
variables IB and //.
Iterative methods requiring much time are not appropriate for our real-time application. In this paper, a
noniterative method based on coordinate transformations and approximation is proposed and the validity
of this method is verified by computer simulation.

-Xi

x3

where SH = lnStf,a'i = lnA'i, and so on. If a pair
of values of Z(ZH,ZL)
is given, the constant output
brightness contours can be drawn in the (ctn\,aj/3)
space and (an,ai3) space, respectively. These curves
can be mapped into the (IBJI) space and the intersecting point of the two curves gives the values of IB and
//. As the curves can be approximated by the straight
lines in the region of the actual values of IB and //, the
intersecting point can be obtained by a noniterative
method.
Simulation Results
Figure 1 shows the simulation results for the model
described in the figure. The proposed method successfully eliminates change in IB even when 3rd components exist.
Reference
[1]T. Yamaguchi, et al., Photon Factory Activity Report #11 , 430 , 1993
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Introduction
A K absorption edge DSA(Digital Subtraction Angiography) has
been expected as the early detection method of abnormal coronary artery11"21. Absorption by tissue and bone hardly vary below
and above the K absorption edge of an imaging agent, e.g. an
iodine (33.2keV). Therefore, subtraction between two images, acquired respectively below and above the K-edge of an imaging
agent, makes it possible to image clearly only regions where an
imaging agent distributes. A conceptual diagram of K-edge DSA
is shown in Fig. 1. In order to obtain a clear subtraction image
from the two monochromatic lights with enough intensity,
switching the corresponding Bragg angles for SR rapidly is required to avoid an effect of heart beat. This problem prevented
realization of the DSA using SR.
Method
We have proposed a new method of switching the Bragg angle by
horizontally rotating a disc mounting two Si(311) crystal plates,
one and the other of which have the Bragg angles corresponding
to the energies below and above the K-edge, respectively1'1. A
schematic diagram of this system is shown in Fig.2. The size of
each Si plate is required to be 150mm X 700mm, in order to acquire the irradiation field, at least 60mm X 60mm . And the imaging system restricts the irradiation time and the time taken to
switch the Bragg angles to 2ms and 2ms, respectively. By simulation under these conditions, we have investigated the size and
shape of irradiation field, the variation of energy of X-ray under
irradiation and the spatial uniformity of irradiation intensity. As
the result, it has turned out that this system satisfies the requirement for realization. Especially, the variation of energy under irradiation has proved to be suppressed within 60eV.
Results
A preliminary experiment for this system was performed at NE5 A in AR, KEK. The geometry of this system is shown in Fig.3. A
Bragg angle was able to be adjusted by the stepping motor. A
sheet beam of SR was diffracted at the Si(311) crystal, and converted into a rectangular beam of monochromatic X-ray. The
monochromatic X-ray was applied to a phantom, which was made
of an acrylate and contained four tubes filled with 5wt% aqueous
solution of iodide. A transmitted light was detected with an imaging system, composed of an image intensifier and a CCD camera.
The Si crystal plate was able to be rotated horizontally at an interval of 0.36° around the axis of rotation. The phantom was imaged below and above the K-edge under discrete rotation, instead
of continuous and rapid rotation.

K-edge

K
le k

photon energy (eV)

(mage below K-edge image above K-edge Subtraction Image

Fig.1 Conceptual diagram of K-edge DSA

monochromatic X-ray/

Si ( below K - edge)

SI (above K-edge )

Fig.2 Schematic diagram of rotary
monochromator
monochromatic X-ray

SR
CCD
camera

image
intensjior
single crystal plate
of sflicon

Fig.3 Schematic diagram of preliminary
experimental system

Discussion
The experiment confirmed that the energy variation is negligible
under irradiation, the spatial non-uniformity of irradiation and the
spatial shear between the two images below and above the K-edge
are corrected easily by image processing, and a subtraction image
can be acquired. The example of subtraction image is shown in
Fig.4. However, the source intensity was insufficient in order to
identify the thinnest tube lmm in diameter. This result shows that
a little improvement still is required.
References
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Fig.4 Subtraction image of iodide phantom and
its transverse and longitudinal profiles
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Introduction
In Japan, we have adopted a two-dimensional
imaging system for SR coronary angiography,
with which one can obtain time sequential
images that are very useful for diagnosis of the
heart[l]. However, there exists a problem:
harmful scattering x-rays generated when
passing through a patient's body may come into
an
x-ray
detector,
which may
cause
deterioration the image contrast and visibility.
We have already made computer simulation
programs for scattering x-rays from synchrotron
radiation[2] in order to investigate how to
suppress scattering x-rays by using an x-ray
grid system. The best x-ray grid system was
designed using this computer program. Then,
the availability of the grid system is verified by
experiments.

frequency of the imaging system was more than
that of the x-ray grid and imaging system
couldn't detect the lead shadow, when the
wood foil thickness was 250 m.
Discussion
At last, the wood foil thickness of 250 // m was
the best system for suppressing scattering xrays. When using this grid, scattering x-rays
were attenuated down to 16.5% while the direct
x-rays were 80% in the simulation.
Other
conditions were as follows: thickness of the
acrylic phantom was 200mm, distance between
the phantom and the detector was 100mm, and
x-ray beam size was 80mm wide and 150mm
high. Due to this result, we found that the grid
system was sufficiently effective for suppressing
the scattering x-rays without so much
attenuation of direct x-rays and can be used for
coronary angiography
using
synchrotron
radiation.

Wood Grid
An x-ray grid is effective for suppression of
scattering x-rays.
It is used in x-ray
examinations in hospitals, and it is commonly a
metal plate piled up with thin aluminum and
lead, alternately. However, we selected a wood
grid; it is made from wood and lead to replace
aluminum and lead, because the absorption
function of wood is so small and direct x-rays
which make images can pass through it easily.

References
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Simulation
The simulation program uses the MonteCarlo method.
The polarization concerning
direction of scattering is considered in the
simulation program. As synchrotron radiation
is linearly polarized, initial polarization vectors
of photons were set to be horizontal. Using this
program, we investigated how scattering x-rays
are suppressed by an x-ray grid and designed
the best type of grid. The specifications of the
grid are as follows: thickness of wood dwood was
250 (i m, that of lead dpb was 50 i± m, and grid
ratio h/dwood was 15.
Experiment
We did experiments of noise suppression due to
grids using an acrylic phantom containing tubes
filled with diluted iodine as a patient body and
arteries and an image intensifier (I.I.) as an xray detector. When the wood foil thickness was
350 or 450 tt m, stripes were visible in the image.
due to the shadow of the lead part of the grid.
However, when the wood foil thickness was 250
V- m, stripes couldn't be visible. The reason for
the above was considered to be that the spatial

Pb
Wood

Direct X-ray

Grid

Fig. 1 Effect of suppression of scattering x-rays
by x-ray grid
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Introduction
Monochromatic x-ray computed tomography with
synchrotron radiation (SR-CT) is used in scientific research to analyze the fine structure of materials because of its monochromatic characteristics which eliminate beam hardening effects, sufficient x-ray flux, and
energy spectrum tunability for image enhanced operation and visualization of the spatial distribution of
specific components. Then the K-edge energy subtraction can be performed to reveal specific materials 1 ~ 3) .
We describe the system components of SR-CT, and
preliminary experimental results with phantom.
Experiment
The SR-CT system is constructed at the beam
line BLNE5A of the Tristan Accumulation Ring in
Tsukuba (6.5 GeV, 20-35 mA, 1 T bending magnet).
This system consists of a rotating x-ray shutter, a silicon (111) double crystal monochromator, x-ray slits,
an ionization chamber to correct x-ray intensity, a rotating object table, an x-ray linear array sensor system,
and computers. Using the double crystal monochromator, the x-ray energy can be tuned without high order
x-ray energy contamination. The x-ray linear array
sensor consists of Gd 2 O 2 S scintillators and a silicon
photo-diode array. The dynamic range of the system
is planned as 60000:1, with 200 fim pitch x 256 channels. Image data are digitized by a 16 bit A/D converter and transfered into the personal computer. The
x-ray energy was set just above and below K-edge of
iodine (33.17 keV). The exposure time of each projection was 40 msec, and the slice thickness of the object
was set at 1 mm with the slit system. CT images of
this system was reconstructed using the filtered backprojection method on engineering work station and
subtraction procedure was performed between above
and below K-edge images.
Results and Discussion
We performed preliminary experiment with acrylic
phantom containing iodine-based contrast materials
and brain model of rat filled with iodine-labeled microspher. K-edge subtraction image of the phantom filled
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with 500 pg/ml iodine solution was shown in Fig.l. Kedge subtraction image of rat brain containing microspher involved iodine was demonstrated clearly. Image
quality of phantom was insufficient, because S/N ratio
of x-ray detector was declined to about 150 : 1.
Acknowledgment
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for Science Research #05404037 and #06507002 from the
Ministry of Education, Science and Culture.
Reference
1) Takeda T, et. al. J.Comp.Assist.Tomogr. 18:
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Fig.l: CT image of acrylic phantom
Demonstrated hole was 1.5, 2, 3, 4, 5 mm in diameter
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Introduction
High pressure and high temperature X-ray
measurement system MAX80 covered up to 15 GPa
and 1 5 0 0 t . The pressure range is now expanded
using double stage anvils. However, experiments at IOIOB-CPOIT m i &
temperature higher than 1 5 0 0 t was unsuccessful
because of the thermal leak and the power-source limit.
In this work, the sample assembly and the thermal
insulation was improved, and the generation of higher
temperature was atempted.

[old tube

Experimental

BN tube—1

•KiCl+BN

High pressure measurements was performed
using the cubic anvil apparatus(MAX80).
The
truncation size of the anvil top is 6mm and the
pressure medium is a boron-epoxy resin cube with an
edge length of 9mm. In this system, the maximum
heater current is 100A and the maximum voltage is
10V.
These limits restrained temperature range
generated by graphite heaters. Thus small heater and
thermal insulation are of importance to increase sample
temperature and to prevent overheat of anvils.

GiipkHe
heater

-— t ke rao couple
Mo plate
znconia
disk

Figure 1 Cross section of the sample assembly.
TEMPERATURE CC)

Results

1.800

D

At first, a graphite pipe 2.0mm in outer
diameter was used as a heater, and the maximum
temperature was around 1500*0 (Figure 2).
Heater size was then reduced to 1.6mm in outer
diameter and 0.2mm of thickness as is show in
Figure 1.
End plugs are made of porous zirconia.
B-type
thermocouple was used for temperature measurement
and temperature higher than 1800*0 was calibrated
based on the heater power.
Figure 2 shows
temperature versus power relations at 7GPa.
Temperature around 2 0 0 0 t was obtained for several
runs. At that condition, maximum anvil temperature
was about
90*0. Good reproducibility is not yet achieved.
Sodium chloride as a pressure marker is completely
melted at this condition.
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Introduction
We have developed an imaging method for coherent scatter
computed tomography (CSCT) applied to image living
body in vivo. Coherent x-ray scattering originates from the
interaction between the electromagnetic field of x-ray and
the electron charge distributed in the material. This phenomenon has been employed for the determination of crystal structures in physics and chemistry, and was recently
employed for the measurement of bone-mineral content in
biomedical science as well1". Therefore, CSCT imaging is
expected to be able to obtain micro-structural information
of specimen non-invasively, which can not be detected by
the conventional CT. As a preliminary experiment for in
vivo CSCT imaging, an acrylic phantom containing calcium carbonate, olive oil, and iodine solution was imaged.

Conclusion
The experimental results indicate that CSCT can reveal
materials and their distributions which can not be detected
by the transmission CT, and encourage realization of imaging living body in vivo.
References
[ 1]R. L. Clarke, et al., Phys. Med Biol., Vol. 18, No. 4,532-539 (1973).
[2]G. Harding, etal.,M«i Phys., 14,515-525 (1987).
[3]M. S. Westmore, et al.. Proc. SPIE, Vol. 2432,24-32 (1995).
Side view

Method
The CSCT imaging principle is on the basis of computed
tomography by pencil beams'2-31. The CSCT system consists
of a double-crystal Bragg-Bragg monochromator employing Si( 111) crystals, an x-ray slit system, a scanning subject
positioning apparatus, an ionization chamber for incident
beam monitor, a nine-channel HPGe detector and a lead
collimator for reduced background counting. The scheFig.1 Schematic diagram of CSCT imaging system
matic diagram is shown in Fig. 1. The experiment was carried out at the bending magnet beam line of BLNE-5A of
the Tristan Accumulation Ring (6.5GeV, 10-30mA). The
incident beam energy was tuned to 37.IkeV to avoid
anomalous scattering of iodine (K-edge of 33.2keV). Each
measuered count was normalized with the data from an ionization chamber. The incident monochromatic beam was
fixed horizontal pencil beam, collimated to lmmxlmm size
using a tantalum slit. The distance between the detector and
the specimen was 285mm. The nine-channel HPGe detector was operated in a photon-counting mode. The relationship between the arrangement of the detectors and the
angles subtended at the center of specimen by the detectors
is shown in Fig. 2. Each detector is numbered from one to
nine. Using this experimental setup, an acrylic phantom
containing three paraxial channels of 6mm diameters was
imaged. The channels were filled with calcium carbonate, Fig.2 Arrangement of detectors Fig.3 Physical phantom
olive oil, and iodine solution of 2mg/ml (Fig. 3). The scan- and angles subtended by the dening step size and the rotation step were set at lmm and tectors
5degrees, respectively. CT images were reconstructed with
a filtered back projection method. After a series of measurement with respect to CSCT was completed, the transmission data was obtained by a scintillator coupled by a
photodiode substituted for the nine-channel HPGe detector.
Result
The transmission CT image and the CSCT images are
shown in Fig. 4, where (a), (b), (c), (d), (e), and (f) were,
respectively, obtaind by the 8th, 3rd, 4th, 5th, 7th, and 6th
detector, and the leftmost image is the transmission CT image. The CSCT can reveal each material according to the
scatter angle, although the transmission CT can not delineate oil and iodine solution clearly. That is, the CSCT images are individually reflected by the material-specific diffraction patterns.

Fig.4 Transmission CT image (leftmost) and
CSCT images ((a)-(f))
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Introduction

where the first term of the right side is the BirchMurnaghan equation of state for the static
compression at room temperature and the second
term is the thermal pressure. Applying a nonlinear least square fit to P-V-T data of h-BN yields
KTOi = 29.1 ± 0.4 GPa, (dKT/dP)r = 9.1 ± 0.3 and
{dKT/dT)v = -0.0065 ± 0.009 GPa K 1 , when Pease's
thermal expansion data at atmospheric pressure is
used. The P-V-T relations of h-BN calculated by
equation (1) with these parameters are also shown
in Figure 1.
This equation state for h-BN is useful as the
pressure standard at high temperature more than
1000°C and low pressure.

The two widely used materials of pressure
internal standard in high pressure experiments
using multi-anvil press are NaCl and Au. However,
at low pressure, the grain growth at high
temperature and their low melting points
themselves restrict their use below several hundred
degree centigrade. The low pressure polymorph of
boron nitride, h-BN, is one of the most plausible
alternative candidates of the internal pressure
standard below 10 GPa. Its covalent bond nature
leads its high melting point and resists the grain
growth at high temperature. The structure of h-BN
is very similar to that of graphite, which implies the
large compressibility. Further, h-BN is chemically
stable and inert, except it acts as a reducing agent
for transition metal oxides.
In this study, we measured the P-V-T relation
of h-BN up to 10 GPa and 1400°C by using in-situ
X-ray diffraction experiments and determine the
equation of state.

1.05

1.00

Experiments
0.95 -

X-ray diffraction experiments were carried out
using MAX80 installed at AR-NE5 by the energy
dispersive method. SSD is fixed at 28 = 8° or 10°.
Pressure was determined by using NaCl pressure
scale. A liquid cell was used for the room
temperature compression experiments up to 7.5
GPa. All high temperature data are acquired after
annealing above 400°C using solid cell.

0.90

0.85

Results and Discussion
Obtained P-V-T data for h-BN are plotted in
Figure 1. These data allow us to evaluate the
temperature and pressure dependencies of elastic
properties of h-BN. Anderson [1,2] showed that
the equation of state for a solid at high
temperature can be written as

Fig.l Static compression curve for h-BN. Each
curve is calculated every 200 K between 298 K
and 1473 K. Open circles are the measured V/Vo.
References
(1) O. L. Anderson, J. Geodyn., 1, 185-215, 1984.
(2) O. L. Anderson et al., J. Appl. Phys., 65, 15341543, 1989.
(3) R.S.Pease, Acta Cryst., 5, 356-361, 1952.
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Introduction
In the course of investigation of the hydrogenation process of metals at high temperatures
and high hydrogen pressures, we discovered that
gradual lattice contractions extending over
several hours took place in a number of metal
hydrides of fee structure. Detailed studies of
this process have led to the conclusion that a
large number of metal-atom vacancies are formed
in the hydride phase, with thermal-equi 1 ibriuni
concentrations amounting to x, = [Vac]/[M]~0.2
[1,2].
This value is extraordinarily high in
comparison to thermal-equi1ibrium vacancy concentrations in metals, i.e. ~ 1 0 " 4 even at the
melting point.
This report describes some typical results of
this superabundant vacancy formation.

at 5 GPa. The gradual lattice contraction occurring at 8001C, amounting to 1.3 %, is believed
to be the result of vacancy formation. The incubation time for the contraction is consistent
with the migration time of vacancies created at
the surface to diffuse into the interior of the
sample.
Electron-microscopic observations of
specimens, after similar heat treatments and annealing, revealed the presence of numerous voids
formed by agglomeration of vacancies, and their
distribution was also consistent with the formation process described above[3].
The concentration of vacancies was determined by measuring the
density of the recovered specimens, and the value
amounted to x,=0.1~0.2[l,2].
Lattice contractions of similar magnitudes ( hence, similar
vacancy concentrations ) were also observed in
other fee hydrides, including monohydrides of Mn,
Co, Pd and some Pd-alloys[4], and dihydrides of
Ti[5] and Zr.

Experimental
X-ray diffraction measurements were made at
the Accumulation Ring of KEK, by using a cubicanvil press MAX80. For hydrogenation experiments,
a sample and a hydrogen source(LiAlH«) were encapsulated in a NaCl container ( H2-sealant ),
with a thin BN separator to prevent direct contact, and were placed at the center of an 8-mm
cube solid pressure transmitting medium ( amorphous boron-epoxy resin composite ), together
with a graphite heater.
The temperature could
be raised to ca. 1200°C with this sample cell.

Two different mechanisms proposed for this
superabundant vacancy formation[6,7], their relative importance in specific cases, are still
under discussions.
As a consequence of this superabundant vacancy
formation, a drastic enhancement of diffusion
was observed in Pd-Rh alloy[4]. Spinodal decomposition of Pdo «Rho 2 alloy, which required
more than 1 year at 600t in vacuum, occurred
in a few minutes in 5 GPa of hydrogen. The diffusion coefficient estimated from the average
distance between precipitated phases was nearly
7 orders of magnitudes larger than in vacuum,
indicating that the vacancy concentration was 7
orders of magnitude higher.
Various other aspects of the superabundant vacancy formation are being pursued.

Results
The temporal variation of the lattice parameter
of Ni in the course of initial hydrogenation and
subsequent maintainance at high temperatures is
shown in Fig.1[1]. The hydrogen pressure was kept
3.80 . ) 1 1
1 11
~i—i—i—|—i—i—i—|—r

~rz

800 800
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RUN2
MOO
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Fig.l Temporal variation of the lattice parameter
of Ni under a hydrogen pressure of 5 GPa.
Temperature is inscribed in ^C.
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Introduction
B1-B2 transition of MX type compound is one
of the most typical phenomena under high
pressure. In the previous study, we reported that
AgCl with the Bl structure transformed to three
high pressure phases (the KOH, Til and B2 type
phases) in the pressure and temperature
conditions up to 18GPa and 500°C, and these
phase transitions were reversible. Also, we
discussed structure relationships of these four
phases.
The aim of the present work is to observe the
compression behavior of AgCl, and to determine
stability regions for the four phases. Our final
goal is consider the property of AgCl under high
pressure, comparing with that of typical ionic
compound, NaCl, of which unitcell parameter is
very similar to that of AgCl.

stable at room temperature above 20 GPa.
In this study of AgCl, the intermediate phases
with the KOH and Til type structure are
confirmed to be stable phases between the B1 and
B2 phases. The high pressure behavior of AgCl
is different from that of NaCl, which directly
transforms from the B1 type structure to the B2
type. Also the bulk modulus of AgCl with the
Bl type structure is about twice of that of NaCl.
These differences can be explained by covalency
of Ag-Cl chemical bonds, as similar to an
explanation for the low melting temperature of
AgCl.
1.00
NaCl type

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.

Til type:
CsCl typeC*

0

5
10
15
Pressure / GPa

20

Fig. 1 Compression behavior of AgCl at room
temperature, except the B2 phase (500°C).

600
Results and Discussion
Compression behavior of AgCl is shown in
Fig. 1. Determined phase equilibria among the
Bl, KOH, Til and B2 type AgCl are summarized
in Fig. 2.
The Bl phase is stable up to 7.5GPa, and its
bulk modulus at room temperature is determined
to be K=45.9(9)GPa and K'=3.9(9). The phase
boundary between the B1 and KOH type phases
has a negative slope. The transition pressure
between the KOH and Til type phases is
11.5GPa, and it is independent from temperature.
10
15
The slope of the boundary between the Til and
P r e s s u r e / GPa
B2 type phase is negative. By extrapolating the
boundary, the B2 type phase is suggested to be Fig. 2 Phase diagram of AgCl.
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Introduction
V2O5 has an anisotropic layered structure
with an orthorhombic unitcell, in which three
kinds of V-O bonds; one of six bonds has
covalent character, one has van der Waals, and
four have ionic. The covalent and van der
Waals bonds are parallel to the c axis direction
of the crystal system.
In the previous high pressure study, an
electrical resistance anomaly has been observed
at around 7GPa by Decker's pressure scale.
However, crystal structure of the high pressure
phase above 7GPa has not been investigated yet.
In this study, we try to observe compression
behavior of V2O5 with the anisotropic structure
under hydrostatic condition, and to confirm a
structure change around 7GPa.

was more compressible than another chemical
bonds.
Around 6GPa, a steep increase of electrical
resistance was observed in both parallel and
perpendicular to the c-axis direction of the
single crystal specimen. A structural transition
corresponding to the electrical resistance change
was confirmed by X-ray powder diffraction
method, as shown in Fig. 1-b). Furthermore,
another high pressure phase transition was
induced by elevating temperature up to 400°C,
as shown in Fig. 1-c).

Experiments
High pressure experiments were carried out
using a DIA type cubic anvil apparatus
"MAX80M installed at AR-NE5 in KEK.
Chemical reagents of V 2 O 5 (4N) and NaCl (5N)
were separately encased in an A1-alloy capsule
with a mixture of methanol and ethanol (4:1), in
order to hold the specimen and NaCl under
hydrostatic condition. The capsule and carbon
heater system were encased in a boron-epoxy
cubic pressure medium. X-ray diffraction
patterns under high pressure were taken by an
energy dispersive method.
In some of high pressure experiments,
electrical resistance changes of V2O5 were
measured using a single crystal specimen,
which was supplied from ASGAL Co., Ltd.

Results
The orthorhombic V2Q5 was stable up to
about 6GPa under hydrostatic condition, as
shown in Fig. 1-a). An extreme anisotropy, in
which the c axis direction was only compresse
d, was observed in the pressure range. The fact
showed that the van der Waals chemical bond

60
Energy / keV

100

Fig. 1 X-ray powder diffraction patterns of
V2O5 under hydrostatic condition and 27°C
(26=4.50°), a) the orthorhombic phase at
6.4GPa, b) a mixture of the orthorhombic phase
and the high pressure phase at 7.6GPa, and c)
another high pressure phase at 6.7GPa, induced
by elevating temperature. Asterisk marks show
diffraction lines from an Al-alloy capsule.
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IN SITU OBSERVATION OF ZrO, PHASES UNDER HIGH PRESSURE AND
TEMPERATURE
Osamu OHTAKA, Takaya NAGAI, Takamitsu YAMANAKA
Osamu SHIMOMURA#
Department of Earth and Space Science, Osaka University, Osaka 560, Japan
PF-KEK, Ibaraki 305, Japan#
Introduction
ZrO2 has a monoclinic symmetry at ambient
conditions and three high pressure
polymorphs of orthol, ortholl and tetragonal
have been reported. Because of the
experimental difficulties, these studies of
ZrO2 under high pressure have mainly been
made at room temperature or, at most, a
few hundred degree. The phase relation
at elevated temperature is still unknown.
We have performed a series of synthesis
experiments and in situ observation in
order to reveal the phase relation and the
crystal structure of ZrO2 high-pressure and
-temperature polymorphs.
Experimental
Using MAX80 and MAX90 system with
sintered diamond anvils of 3mm truncation,
in-situ x-ray observation by an energy
dispersive method was performed up to
13 GPa and 1200°C. Powder samples of
ZrO2 were mixed with about 40 wt% BN or
B-epoxy resin and charged in B-epoxy
resin pressure medium. Generated
pressure was calibrated with NaCI
pressure marker. Graphite disk heater was
used and temperature in the pressure cell
was monitored with K-type thermocouple.
Figure 1 indicates P-T condition of the
experiments.
Results and discussion
Figure 2 shows some examples of obtained
x-ray patterns. These patterns can be
tentatively indexed assuming orthol
structure. Taking a view of the phase
relation shown in Fig.1, another
polymorph(s) is most likely to appear in
the region of the present P-T condition.
When the crystal structure of ZrO 2 high
pressure phases are compared, this new
phase possibly has a close structure to

orthol or tetragonal phase, both of which
are distorted fluorite structure. We are
preparing further investigation using an
angle dispersive method in order to collect
x-ray data with higher resolution.
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X-RAY DIFFRACTION STUDY OF Cdb UNDER PRESSURES
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Faculty of Science, Osaka University, Toyonaka 560 Japan
PF-KEK, Tsukuba 305 Japan#
structure, I-Cd-I layers are piled up along c
axis and interlayer forces are caused by
weak Van der Waals force. As the distance
between the layers becomes shorter, the
electric repulsive forces between l-l become
much greater, which results in a greater
incompressibility along c axis of the unit cell
(above 7GPa).
The drastic changes such as amorphization
or structure change that had been expected
to take place under high pressure was not
found within the pressure range of this study.
We are, however, preparing further study of
this system at higher pressure and various
temperature range .

Introduction
Many hydrous minerals belong to Cdl2-type
structure, which is built up by (001) layers
of Cdl 6 coordination octahedra. It is reported
that some of these minerals including
Ca(OH)2 amorphize under high pressure
(Meade 1990). It is expected that the similar
transformation will take place in Cdl 2 and
Pbl2 as well. Present experiments were
carried out on these materials in order to
investigate the possible structural changes
under high pressure condition.
Experiments
Powder samples of Cdl 2 and Pbl 2 were
compressed up to 12 GPa using a multi anvil
device and X-ray data were collected by
means of energy dispersive synchrotron Xray diffraction. Because both of these
samples highly absorb X-ray, they were
mixed with BN or B in order to reduce their
concentration. Three Bragg peaks (220, 002
and 111) of NaCI were used to determine
the corresponding unit cell edges. The
pressure in the cell was determined by
linear interpolations between literature data
of the NaCI equation of state (Decker 1971).
Graphite disk heater was used and
temperature in the pressure cell was
monitored with K-type thermocouple.

References
Meade C, Jeanloz R. (1990) Static
compression of Ca(OH)2 at room
temperature: observations of amorphization
and equation of state measurements to 10.7
GPa. Geophys. Res. Lett. 1 7, 8, 1157-1160
Decker DL (1971) High pressure equation
of state for NaCI, KCI and CsCI. J. Appl.
Phys. 42, 8, 3239-3244
1.46
1.44

£,

Results and Discussion
Cdl2 and Pbl 2 were compressed up to 12
GPa at 200°C. Major peaks were retained
in the course of compression and neither
amorphization nor structural change was
observed. The compressibility of a and c
axis of Cdl 2 is shown in Figure. It represents
that the c axis is more compressible along
than a axis at the first stage of compression
to 7 GPa. Then c axis becomes less
compressible just above 7 GPa. In the Cdl2

1 .42

1.40

12 GPa

1.38
1.36

2.5

2.52 2.54 2.56 2.58 2.6 2.62
ln(c)

Figure Change of unit cell parameters
under pressure; ln(a) is plotted against
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STRUCTURE OF FeS UNSER HIGH PRESSURE
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Introduction
There are many investigations of high
pressure behavior of FeS (troilite), because FeS
is considered to be an important compound in
the earth and planets. A drastic change has been
observed around 7GPa in 57 Fe Mossbauer
spectra. The crystal structure of the high
pressure has been unknown.
The aim of present study is to collect
reproducible powder X-ray diffraction patterns
of FeS under high pressure, and to propose a
structure model of the high pressure phase of FeS
in the pressure range higher than 7GPa.

A drastic change in the X-ray diffraction
pasterns of FeS was observed at around 7GPa,
as shown in Fig. 1-c). The X-ray patterns
became very complicated, and they were
observed up to 15GPa.
An automatic indexing computer code,
'DICVOL' showed no possibility for an
orthorhombic or higher unitcell, but only a
possibility for a monoclinic cell. The unitcell
parameters at 10.30GPa and 27°C were
determined to be o=8.044(3)A, fc=5.611(2)A,
c=6.433(4)A /3=93.11(4)°, and V=290.0A3.
The cell parameters show that the high pressure
phase still has a NiAs type framework in the
structure.

Experiments
Powdered specimen of FeS (troilite) for this
study was synthesized by an evacuated glass
tube method. Examined by X-ray powder
diffraction method, the product was found to be
a single phase with the troilite structure, of
which Chemical formula of the specimen was
estimated to be Feo.998S, as shown in Fig. 1.
High pressure experiments were carried out
using a DIA type cubic anvil apparatus "MAX80"
installed at AR-NE5 in KEK. FeS specimen and
a mixture of NaCl (5N) and BN (4N) were
separately encased in a boron-epoxy cubic
pressure medium. X-ray diffraction patterns
under high pressure were taken by an energy
dispersive method.

a)

b)

c)

Results and Discussion
The troilite phase was observed to transform
to a high pressure phase at around 3GPa, as
shown in Fig. 1-b). At room temperature
condition, the high pressure phase was stable
up to about 7GPa, and at 300°C the high
pressure phase was observed up to 15GPa.
The observed X-ray diffraction lines could be
indexed on the hexagonal cell reported by Fei et
al. The hexagonal cell parameters at 11.17GPa
and 300°C were determined to be o=6.549(l)A
andc=5.357(l)A.

25

50

75

Energy /

100 125
keV

Fig. 1 Energy dispersive X-ray patterns of FeS
at 27°C (29=3.00°), a) the troilite phase at
O.lMPa, b) the hexagonal phase at 5.17GPa,
and c) the monoclinic phase at 10.30GPa.
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collector current as a function of the heater
All four operating solar neutrino experiments have
measured significant deficits in the solar neutrino fluxes current. We can get stable beam by supplying 2 ~
compared with the prediction of standard solar model 2.5A to the heater.
We will set the electron gun to the LINAC which
[1] [2] [3] [4]. These results are well described by neutrino oscillation in matter (MSW effect) [5]. Super- is placed at the Super-Kamiokandc site and test the
Kamiokande can observe ~ 8000 solar neutrino events beam intensity.
per year. Because of its large statistics, Super-Kamiokandc
can observe distortion in the 8 B neutrino spectrum, or
References
flux variation between day time and night time caused
by MSW effect.
[1] K.Lande, Nucl. Phys. B38(1995) 47
Calibrations by monochromatic electron sources are
essential for the solar neutrino measurement in Super[2] Y.Takcuchi, doctoral thesis, Tokyo Institute of
Kamiokandc. We use an electron LINAC for this purTechnology(1995)
pose. In order to use an electron LINAC for the cali[3] P.Anselmann et al, Phys. Lett. B342(1995) 440
bration of Super-Kamiokande, the beam intensity has
to be as low as ~1 electron/bunch at the end of the
[4] J. S. Nico, Proc. of the 27th Int. Conf. on High
beam pipe ( i.e. entrance to the Super-Kamiokande).
Energy Physics,(1994) p965
At a beam transport stage, the beam intensity is reduced by a factor of 106, assuming that initial con[5] L. Wolfenstein, Phys. Rev. D17, 2369 (1978); D20,
dition of the beam is 4mm0 in size, 3mrad in angular
2634 (1979); S.P.Mikheyev, A. Yu. Smirnov, Yad.
spread and 4% in momentum spread. In order to fulfill
fiz. 42, 1441(1985); Nuovo Cimento, 9C, 17 (1986)
1
1
1
1
1
above condition, the beam intensity at the exit of the
'
6
3
LINAC should be ~ 10 electrons/bunch. Necessary
10 c
beam intensity is by a factor 104 lower than ordinary
0)
•
electron gun. On the other hand, the beam intensity
obtained by field emission is by a factor 102 lower than
2
the required one. Therefore, we have to develop a low
Io
intensity electron gun whose intensity is lOOnA.
o
u
We prepared and tested a special electron gun with
o o
remodeling the one used for electron microsope for the
o
10 2
o
first trial. The nominal heater current was 2. 5A and
0 10
the maximum supply voltage to the cathode is 25kV.
.,
.1
The expected current from the gun was ~ 100/iA and
the expected beam size was a few centimeter.
10
supplied voltoge(kV)
We set this gun to the LINAC and measured the
Fig.1
intensity of the beam by supplying 0 ~ 6kV to the
cathode. The highest supply voltage was restricted to
be 6kV at this test. The intensity was same as field
c
V
emission beam. Almost all the beam from the gun was
D
U
not accelerated.
For the second trial, we made over the gun so that
u
we can supply 70kV to cathode and utilize 70kV high
V
o
voltage supply from LINAC itself. Before setting this
u
gun to LINAC we tested the performance of the gun at
KEK. We put the lOmm<0 and 5Omm0 collector at the
distance of 88mm from the the anode of the gun and
measured the current as a function of supplied voltage
to the cathode and heater. The collector current as
18
19
2
2 1 2 2
a function of the voltage supplied to the cathode is
healer current (A)
shown as fig. 1. The beam size is a few centimeter.
Fig.2
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Introduction
Expected outcome
Verification of quantum electrodynamics (QED)
The advantage of using PF slow positron
is the most basic study in physics which is built
beam over a positron emitting radio-isotpe at
upon relativity and quantum mechanics as well as
TMU is high positronium production rate of
the electroweak and a grand unification theories
1,000 times with monochromatic low energy
etc.. Among those, QED is the most fundamental
beam of 500eV. The low energy allows low
theory governing elementary processes. We have
target mass to stop the positron and produce
been measured rare decays in positronium at
positronium effectively so that reduction of
TMU, that is to say 4 and 5 photon decays .
Compton scattering of the photons in die
Features of the 4 and S photon decays are as
target decreases backgrounds. The utilization
follows.
l)The experimental results can be
of PF slow positron beam improves the
compared with QED calculation in high precision.
detected number of events from 203 (1) to
Finding a discrepancy implies incompleteness of
10,000 (10) in the 4 (5) photon decay where
QED or existence of the other exotic interactions
the number in parentheses shows the number
induced by axions etc.. 2)These are the unique
for the 5 photon decay. The upper limit of the
processes exclusively to test higher order QED
exotic interaction (C violation) will be
7
8
improved from 10' 7 (10~6) to 10' 9 (10' 8 ). In
of a and a at the lowest order.
addition the results will be got in shorter
Achievements so far
experimental duration from 4400h at TMU to
We have got the physics results at TMU using a
650h. As a bonus we can study parity
multi-gamma-ray spectrometer with positron
violation effect in the 4 photon decay. Parity
emitting radio-isotope set at the center called UNI
invariance requires that the sum of products of
which consists of 32 NaI(Tl) scintillation
the 3 vectors ^ ( p j X p j ) ^ ^ approaches
counters, each located on a surface of an
zero where the photons numbered as I pj | >
icosidodecahedron. We had measured the first
time, electron-positron 4 photon annihilation at
I P 2 I IIp 3 1I > II p 4I1 .
rest ' ' resulting the branching ratio of A (e+e~
Status of the experiment
—4 y )/A ( e V — 2 y )=[1.48±O.13(stat)±
The experimental apparatus (UNI) is
6 the upper limit (90% CL) of
transferred
from TMU to KEK and the
0.12(syst)] X10"°,
~
preliminary experiment has been done using
exotic particles (X— y y ) as A ( e + e ' - y y X
11
51
y A ( e V — 2 y )=1.8X 10' 7 ., the branching
y
positron beam from
Na radio-isotope. '
We
are
waiting
for
the
PF
slow positron beam
ratio of 5 photon decay in ortho-positronium ' A
supply.
(o-Ps—5y )/A (o-Ps—3y )=[2.2+2.6(stat)References
1.6(stat)±0.12(syst)] X10" 6 and the upper limit
l)S.Adachi et al, Phys.Rev.Lett.65, 2634
(90% CL) of the charge-conjugation violating
(1990); 2)S.Adachi et al, Phys.Rev.A49,
3201 (1994); 3),4)T.Matsumoto et al, and
4)
ortho-positromum decay*'
A
(
o
P
s
4
y
y
A
(oj
. Y a n g efai, to be published in Phys. Rev.A;
Ps—3y)=2.6 X H T 6 .
5)by courtesy of Dr.S.Kurihara.
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