16th ESRF Users Meeting
Grenoble, 6 - 10 February 2006

On 6-10 February 2006, the ESRF will host the
annual Users’ Meeting and satellite workshops. The
Meeting is a privileged forum where ESRF users, and
more generally all scientists interested in cutting-edge
research with synchrotron radiation, can exchange
their views on the latest scientific and technical
developments.

S. Margadonna (left) receives the
prize from Prof. Phil Evans
(Cambridge), the Chairman of YSA
selection committee.

The Plenary meeting will take place on Tuesday Feb. 7 (afternoon) and Wednesday Feb. 8
(morning) in the ESRF main auditorium. The Medium and Long Term Scientific
Programme for the facility will again draw considerable attention, with technical updates,
open discussions, and a plenary “hardtalk” session with the ESRF Directors. The scientific
programme will also feature topical sessions, with invited talks and reports from the
beamlines, and a plenary poster session. The 2006 Keynote speech, the “Young Scientist
Award Talk” will complete the plenary programme.
The Meeting will be followed by two satellite workshops which will focus on dynamical
phenomena in the nanoscale range in soft matter, and recent advances and future directions in
science at high pressure at third generation synchrotron sources.
On behalf of the Users Organisation, I cordially invite you to Grenoble for an exciting week
of science.

Satellite Workshops and School for New Users
There will be two satellite workshops, and a school dedicated to participants who have never
carried out an experiment at the ESRF:
•

High Pressure and Synchrotron Radiation
8 February (from 14:00) to 10 February 2006 (14:00)

•

Dynamical Phenomena in Soft Matter
8 February (from 14:00) to 9 February 2006

Users’ Meeting Plenary Sessions
on Tuesday 7 and Wednesday 8 February, 2006
Programme
Tuesday 7 February 2006
14.00 - 15.30
15.30 - 15.50

Directors (current status and long-term strategies)
Coffee

15.50 - 17.50

Parallel Session A
News from the groups, science and discussion (6 discussion groups)

17.50 - 19.20

Posters & Cocktail

19.20 - 19.40

Plenary meeting of the users organization

20.00

Dinner - Young scientist and best poster awards

Wednesday 8 February 2006
09.00 - 10.45
10.45 - 11.15

Parallel Session B
Science: present and future (7discussion groups)
Coffee

11.15 - 12.00

Questions and answers

12.00 - 12.30

Young Scientist award talk

12.30 - 13.00

Aperitif and farewell

End

Structure of GaN quantum dots grown on AlN by plasma assisted molecular beam epitaxy
by means of grazing incidence synchrotron radiation
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Molecular beam epitaxy growth

(a)

(b)

in situ growth setup

Ga cell

(c)

Self-organized quantum dots (QDs) are grown by
Plasma Assisted Molecular Beam Epitaxy in the
modified Stranski-Krastanow (SK) mode1.
The growth process falls into 3 steps : (a) a 2D GaN is grown in Ga-rich conditions.
The SK transition is inhibited by a Ga layer. (b) the Ga layer is
evaporated under vacuum. (c) 2D/3D transition followed by a
ripening process. 6H-SiC or AlN (0001) substrates are used.
⇒ diameter ~ 20 nm, height ~ 5 nm,
10

11

density control range [2.10 -2.10 ] QDs/cm

SUV (Surface Ultra Vacuum) apparatus on
the BM32 beamline at ERSF dedicated to
RHEED in situ growth and surface studies :
screen - grazing incidence setup
- RHEED, LEED, Auger
- 2D CCD camera for fast acquisition of
x-ray beam
GISAXS maps
active N plasma cell

Al cell

- 4-circle diffractometer + point detector for diffraction
- energy tunab+++ility suitable for anomalous measurements

Diffraction Anomalous Fine Structure
The local environment of Ga atoms in the iso-strain regions selected by diffraction was analysed by grazing incidence Diffraction
Anomalous Fine Structure (DAFS) at the Ga K-edge. Q was fixed at

2

h=hmax, that is, the average in-plane strain state in the QDs. Two

Grazing Incidence Multi-wavelength Anomalous Diffraction
The incident angle of x-rays was set below the critical angle for total reflection in order to achieve sur-

aspects of the iso-strain region were investigated : (i) the out-of
plane strain and (ii) the composition (Al, Ga, N).

face sensitivity (upper 50-100 Å). Reciprocal
space h-scans were measured around the (30-30)
for a satisfactory sensitivity to in-plane strains.

Grazing incidence DAFS spectrum measured on
the BM2-D2AM beamline at ESRF, and best
crystallographic fit, for GaN QDs capped with 10
AlN MLs.

Two effects were studied : (i) the in-plane strain behaviour during the progressive capping of the QDs
by AlN, and (ii) the vertical correlation effect regarding the QDs size as QDs layers are stacked.
By means of anomalous diffraction at the Ga K-edge (10.367 keV) the contribution
of the QDs to diffraction, as well as the one from AlN, can be distinguished. The diffracted intensity is measured at 11 energies around the Ga K-edge. The energy dependancy for every h value is fitted by2
2
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F, ϕ : total | FT, ϕT : non anomalous atoms + Thomson of Ga | FA, ϕA : Thomson of
Ga | FT & ϕT-ϕA ⇒ FN non anomalous (Al,N)
Diffracted intensities for 4 energies
across Ga K-edge. FGa and FAl,N are

hmax

separated from the total intensity.
The average in-plane strain state is
given by the position of the maximum (hmax) ; the average diameter is

∆h

directly related to the width of FGa
(∆h).

The experiments were carried out at
the ESRF, in situ on BM32-SUV with
3
2 samples (1 for capping effects, 1
for correlation effects), and ex situ on
BM2-D2AM with a series of 5 samples
with increasing AlN capping.
During the capping process, QDs are

The edge profile was measured and fitted for a series
QDs samples with increasing AlN capping. The only relevant fitting parameter was the Al composition. A linear
increase up to 5 MLs suggests a uniform capping process, like a wetting of the QDs. The further evolution
would indicate that AlN fills up between the QDs.
Extended DAFS oscillations were measured on BM2-D2AM and fitted using a
EXAFS-like path formalism4 :
Q

 EDAFS =
and Q k =∑ A k sin 2 kR 2 c k −Ga −
2
SD
SD : crystallo. normalization factor | γ : scattering paths | Aγ : net amplitude | δc :

[

phase shift | Rγ : effective path length
Five single scattering (red) and 2 multiple scattering paths were used to fit the experimental data in the [1.0 - 3.5] Å range, allowing the determination of the out-ofplane strain state as
a function of the AlN
capping thickness. A
discrepancy to the
biaxial

Anomalous Grazing Incidence Small Angle X-ray Scattering

progressively in-plane compressed
as the AlN capping relaxes.

Incidence Small Angle X-ray

demonstrated as a side effect of the vertical correlation in
the position of QDs.

sensitive

to

lengths

and

the

morphology

of
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6.9nm

J. Coraux et al., submitted to Appl. Phys. Lett.
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made the measurements sensitive to the whole stacking. GISAXS
maps were measured at several energies around the Ga K-edge, to
make sure the expected correlation effects originate from the QDs.

13.9nm

layers with distinct interlayer distances. The critical incident angle

3

(1)

nanostructures. In particular, potential out-of-plane (vertical) correlation in the position of the QDs
is expected along Qz.

N. Gogneau et al., J. Appl. Phys. 94, 2254 (2003)
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(2)

correlation

GISAXS maps were measured on BM32-SUV for 2 stackings of QDs

2

⇔ 6.8nm

Scattering5 (GISAXS), which is
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hypothesis

is observed.

Vertical correlation effects were
demonstrated by in situ Grazing

A stagnation is observed above 30 MLs. This is possibly a
limit above which vertical correlation effects in QDs layers
stackings shall not happen.
A ~ 50 % average increase of the QDs diameter is
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Surface Structure of Model Metallic Catalysts: In-situ Synchrotron X-ray
Scattering Studies
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Introduction

The Cell

The in-situ study of the electrochemical interface is
possible using the technique of synchrotron x-ray
diffraction (XRD). Synchrotron radiation is needed to
penetrate the overlaying electrolyte and measure changes
in the surface atomic structure of the electrode under
potential control. Using this technique it is possible to
detect a single monolayer at the surface, such as water,
oxide species and carbon monoxide.

Introduction to XRD

•

•An electrochemical cell has been designed, which allows the
temperature to be controlled over a range of 0-70˚C.

•Surfaces give rise
to scattering along
the surface normal
in reciprocal
space. The rods of
scattering are
known as crystal
truncation rods
(CTR’s).

•The cell is mounted at the centre of a four circle
diffractometer allowing in-situ x-ray scattering experiments to
be carried out.
•The Prolene film can be deflated, trapping approximately 10 µm
of electrolyte across the surface of the crystal. X-rays from a
synchrotron source are able to penetrate the film and electrolyte
through to the crystal surface.

• Various XRD techniques have been used in order to
determine the surface composition of a Pt3Ni(111) crystal.
The potential stability of the surface has been
investigated using various potential dependent
measurements.

•The cell is
maintained in a
nitrogen (or
CO for the
relevant
experiments)
atmosphere in
order to
protect the
surface from
contamination.

• Recently the x-ray electrochemical cell has been
redesigned to incorporate temperature control over a
range of 0 – 70˚C.
• The ‘temperature cell’ has been utilised in order to
investigate the effects temperature has on CO structures
which occur on the Pt(111) surface.

Real space





Reciprocal space
CTR


Surface plane

I(h,k,l) α

•This shows the Pt(111)
crystal in real space
and how it appears as
CTR’s in reciprocal
space.

fPt
1-exp[2πi(h/3 - k/3 –l/3)]

2

Pt3Ni(111) and the ORR
•One of the main challenges to the development of polymer
electrolyte membrane fuel cells is to find a more effective
catalyst than Pt for the oxygen reduction reaction (ORR). Ptmetal alloys are at the forefront of this research.
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•This oscillation of Pt
composition has been
reported previously
and the effect is
known as ‘surface
segregation’.
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•It was found that the
surface atomic layer
was 100% Pt, the
second 48%, the third
87% and beyond that
the bulk value of 75%.
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E [V] vs. RHE

•The p(2x2) CO structure is shown to be lifted by the drop in
intensity as potential is increased. At approximately the same
potential the p(2x2) CO structure begins to lift, the √19 CO
structure begins forming.
•The disappearance of the p(2x2) CO structure is caused by a
small pre-oxidation wave (surface coverage of CO changes from
0.75 to ~0.68). The structure changes to √19 . With a constant
supply of CO the p(2x2) structure reforms on the negative sweep.

ben@cmp.liv.ac.uk
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•In reciprocal space these surface rods are observed at the
(1/2 1/2 l) and (3/19 14/19 l) reciprocal lattice positions
respectively. The potential dependence of the CO structure can be
measured by monitoring the scattered intensity from these
positions over a suitable potential range.

•The top panel shows the
polarisation curves for CO
oxidation for Pt(111) at
three different
temperatures.

Pt(111)

(1/2 1/2 0.12)

Intensity [arbitraty units]

•At a sufficiently
negative applied
electrode potential, a
p(2x2) CO structure can
be observed on Pt(111).
At more positive
potentials a (√19x√19)
CO structure can be
seen.

•
1600 rpm
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•The lower two panels are
the XRV (anodic sweeps
only) measurements at
the positions where x-ray
scattering is due to the
CO p(2x2) and √19
structures.

1.2

E [VRHE]

•It can be seen that the p(2x2) structure is ‘frustrated’ under
both high temperature and low temperature. The measurement of
integrated intensities (which relates to the coherent domain size)
shows a ‘volcano’ type relationship. This may indicate that the
balance between CO ordering and OH coverage is at a maximum at
room temperature.
•The ordering of the √19 structure increases linearly with
temperature.

0.8

1.0

•The Pt3Ni(111) surface
is more catalytically
active for the ORR
than the Pt(111)
surface.

Summary and
Acknowledgements

Temperature Effects
on the CO Structure

0.5

ORR

Pt poly

-6

I

•The top panel is the
polarisation curve for
CO oxidation on Pt(111).

•At positive potentials
the OHad coverage is
again higher for the
Pt(111) surface. The
OHad blocks sites
available for oxygen
reduction.

-2

0.0

CO Structure 0n
Pt(111)

•At negative potentials
it can be seen that HUPD
coverage is higher on
the Pt(111) surface. The
catalytic activity is
being inhibited by the
HUPD coverage as
available sites for
peroxide (H2O2)
reduction are blocked.
For this reason a
corresponding increase
in the peroxide level is
seen.
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•The ultraviolet photon spectroscopy (UPS) shows a shift in
the d-band energy which is indicative of weaker adsorption of
species on the surface.

•A detailed
measurement and
analysis of the 00l and
01l CTR’s was
performed in order to
investigate the
composition of the
surface atomic layers.

108

Intensity [arb. units]

• The Pt3Ni(111) single crystal is a perfectly random fcc alloy.
The surface was prepared in UHV by continuous cycles of
sputtering and annealing. The Low Energy Electron
Diffraction (LEED) pattern was characteristic of a p(1x1)
surface and the Low Energy Ion Scattering (LEIS) showed
that the surface atomic layer consisted of pure Pt.

E [V] vs. RHE
0.0

•

The surface structure of a Pt3Ni(111) sample has
been investigated by the modelling of CTR’s. This
revealed a pure Pt ‘skin’ and then a damped
oscillation of the Pt occupation over the next two
atomic layers to it’s bulk value of 75%. Potential
dependent measurements of the surface showed
weaker HUPD and OHad than that of Pt(111), thus
making it a more catalytically active surface for the
ORR.
A new electrochemical cell has been designed that
allows temperature control of the
electrode/electrolyte during in-situ x-ray
diffraction measurements. This has been utilised to
investigate the profound effect of temperature on
the CO p(2x2) and √19 structures on the Pt(111)
surface.

•

Experiments were carried out at the European
Synchrotron Radiation Facility, XMaS and ID03
beamlines, The Stanford Synchrotron Radiation
Facility, beamline 7-2, and Argonne National
Laboratory, BESSRC CAT.
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Introduction

In case of derivatives
of CP the [110] direction
is most interesting (Fig.2).
For this direction the
integral plane in CP
crosses the sheets of
secondary Fermi surfaces
and the discontinuity in
momentum density for
secondary Fermi surfaces
are well visible. The
experiment shows that the
discontinuities
are
smoother compare to
theory.

The Compton Profile J(pz) (CP) is one dimensional
projection of the electron momentum distribution n(p). It can
be measured via Compton scattering or positron annihilation
experiments. The results are very direct test of solid state
theory.
+∞+∞

J ( pz ) =

∫ ∫ n(p)dp dp
x

y

− ∞− ∞

The derivative of CP dJ(pz)/dpz indicate discontinuities in
the electron momentum densities (Fermiology) while the
Fourier transform of CP B(z) represents autocorrelations of
electron wave function in solid.
The Compton profiles of Ni75Cu25 and Ni75Co25 disordered,
ferromagnetic alloys have been measured along [100], [110] and
[111] crystallographic directions at beam line ID15B at ESRF
with the use of high resolution scanning Compton spectrometer
(resolution 0.15 a.u.). The experimental data were compared
with theory [1].

Results and discussion
Theoretical calculations where performed within KKR CPA
formalism [2]. The experimental data well reproduce the
theoretical directional anisotropy of CP, however the overall
amplitude of experimental anisotropy is smaller than theoretical
one (Fig.1). The experiment displays sharp features coming from
the shape of Fermi surface (arrows at 0.27 and 0.82 a.u. mark
where neck features in (111) direction in Ni occur)

For all directions the
first minimum of CP
derivatives occurs at
about 10% higher value of
pz than theoretical one.
Fig. 2 Derivatives of CP

The
secondary
maximum in the B(z)
functions calculated for
[110] from experimental
CP is broader compared to
theory (Fig. 3). Contrary to
theory the amplitude of
peak in case of Ni-Co is
higher than amplitude for
Ni-Cu alloy.
However
overall
experimental
amplitude
is
lower
compare
to
theory.
Moreover it seems that the
peak splits into two peaks.
This effect is not clear and
calls for further studies.
Fig. 3 B(z) function. a) experiment
and b) KKR CPA theory

Summary
• The experiment well agree with theory in case of
directional anisotropy of CP in the alloys, however
experimental data possess smaller amplitude.
• The minima in the derivatives of CP occur at higher
pz indicating slightly bigger dimensions of Fermi
surface.
• Broader secondary peak in B(z) function has been
found in the experiment.
Fig. 1 The directional anisotropy of CP in Ni-Cu (left panel) and NiCo (right panel) alloys. Theory is not convoluted to the
experimental resolution to emphasis details in region of low
momenta.

• [1] J. Kwiatkowska et. al., J.Phys.: Condens. Matter 17 (2005) 6425
• [2] A. Bansil et. al.. , Phys. Rev. B 57 (1998) 314
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Nuclear Inelastic Scattering

NIS

- density of phonon states

The main branches of
Nuclear Resonance
Scattering Spectroscopy

- thermodynamic parameters

The application of grazing incidence scattering geometry allows a surface sensitive
investigations on the the following parameters:
• intensity and direction of the hyperfine fields
• jump diffusion mechanism - jump frequencies and jump vectors
• nuclear density profile (nuclear reflectivity)
• electronic density profile, thickness, roughness (electronic reflectivity)
• vibrational density of phonon states and a number of thermodynamic parameters

E - E0 [meV]

∆E ≅ 0.5 meV

NFS

∆E ≅ 3 eV
undulator

CRL

CRL

CRL
HHLM

16 - bunch
mode

The Nuclear Resonance Group operates two undulator - based beamlines dedicated to
Nuclear Resonance Scattering (NRS) Spectroscopy at the ESRF - ID18 and ID22N.

HRM
Tim e [ns]

SRPAC

Nuclear Forward
Scattering

Synchrotron based PAC

- hyperfine interaction

- rotational dynamics

- lattice dynamics

- hyperfine interaction

For surface sensitive experiments the beam focussing is an important issue. The beam size
can be reduced down to about 10× 10 µm2 using a Kirkpatrick - Baez focusing mirrors.

Time [ns]

A high - temperature UHV chamber for insitu diffusion studies in the surface and near
- surface region of uncoated samples.

Q uadrupole relaxation of 0.6 ML 57Fe (110) /W(110)
The pseudomorphic 0.6 ML of 57Fe has been deposited on a vicinal W (110)
substrate by MBE. The substrate creates [110] terraces with a width of 30 Å.
The NFS spectra measured at various temperatures show quantum beat as a result
of the interaction of the quadrupole moment of the resonant nuclei with an electric
field gradient (EFG) acting at the nuclear site.
The temperature dependent shift of the beat frequency, shown in fig. 1, is
explained as a relaxation effect caused by the diffusion of iron atoms: diffusing
atoms leads to a random fluctuation of the nearest neighbor arrangement, which
causes fluctuations of the hyperfine interaction. The result is a exponential decay in
the time domain [1].
Assuming a simple relaxation model of the EFG with a linear relation to the
relaxation rate ω the diffusion coefficients can be derived, inset of fig. 1.
Figure 1 NFS spectra of 0.6 ML Fe / W (110) measured at the indicated
temperatures. The calculated diffusion coefficients are shown as an inset.

Supported by the Austrian Ministry of Education Science and Culture bm:bwk in the frame of MDN - Materials Dynamics Network [2]
An UHV system for sample preparation and characterisation and investigation of dynamics and magnetism in nanostructured samples has been recently commissioned at the Nuclear Resonance Beamline ID18 of the ESRF.
The grazing incidence NRS experiments are performed in the chamber (a), mounted on a 2 - circle diffractometer. Surfacestructured samples are prepared in chamber (b) by two molecular beam evaporators and characterised by LEED and AES.
The distribution chamber (c) is equipped with a sample - transfer mechanism and magazine chamber (d) with the capacity
to store up to 6 sample holders. A load - lock system (e) and a small transportable chamber (f) are part of the system as well.

Surface phonons in thin Fe(110) films on W(110)

b
f

c

a
d

d

e

The thickness and orientation dependence of the vibrational
density of phonon states (DOS) of Fe thin films on W(110) in the
range between 45 ML and 1 ML have been measured by NIS. The
3D to 2D transition of the experimentally determined DOS is shown
in figure 2. The main features of the vibrational properties of ultrathin films of Fe(110) / W(110) are [3]:
• dumping of the longitudinal vibrational mode at ~35 meV
• phonon softening - excess of DOS at low energies
• strong vibrational anisotropy of DOS of 1 ML of Fe / W(110),
(not shown in the figure) confirmed by ab - initio calculations

Figure 2 A thickness dependence of the
vibrational DOS of Fe films deposited on
W (110). The DOS of 80 µm α -Fe foil
is shown for comparison.

Supported by the DYNASYNC - Dynamics in Nano-scale Materials Studied with Synchrotron Radiation - FP6 project of the European Commission [4]
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A Europium-151 Nuclear Resonance and Neutron Scattering Study
of Localized Vibrational Modes in Thermoelectric Materials
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• Efficient thermoelectric materials must behave as a

Ba, Sr, or Eu

Ga and Ge

“phonon-glass” and an “electron-crystal”.
• The insertion of loosely bound guests into cagey
structures, such a skutterudites or clathrates, yields a
reduction of the lattice thermal conductivity without
reduction of the electric conductivity.
• What are the characteristics of the vibrational
modes of these loosely bound guests?

Ba, Sr, or Eu
Filled A8Ga16Ge30 type I clathrate

Filled antimony skutterudite

Experimental Techniques
Electron storage ring

The inelastically scattered neutrons that

HHL: High Heat Load Monochomator
HRM: High Resolution Monochromator

0

IC: Ionization Chamber
-ℏ
Undulator

X-ray beam

ℏ

●

create a phonon lose energy and arrive late,

●

annihilate a phonon gain energy and arrive early,
early

with respect to the elastically scattered neutrons.

HHL
Detectors

ID 18, ID22N ESRF

Bunch clock

Nuclear inelastic scattering

yields the resolution of the
monochromator system and
indicates the zero energy
transfer point, E0.

Phonon annihilation

Phonon creation

reveals the phonon creation and
annihilation processes in which
the resonant nucleus takes part.

Flight path
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Results
• The obtained densities of phonon states reveal that the caged guests exhibit essentially
localized vibrational modes at 5-7 meV.
• In EuFe4Sb12, secondary peaks that result from the hybridization with Sb vibrational
modes are observed.
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Sb nuclear inelastic scattering measurements are ongoing.

• The localized vibrational modes of Ba and Sr, with energy ER, in the larger clathrate
cages are separated from the large optical phonon peaks at EO, peaks which hide the
vibrational modes of the guests in the smaller clahrate cages.
• Because the Eu in the larger clathrate cages of Eu8Ga16Ge30 is located off-center, three
different vibrational modes are observed, in addition to a single mode associated to the
guests in the smaller dodecahedral cages.

Discussion

• The observed energies of the localized vibrational modes are in good agreement with previous EXAFS, Raman, and
heat capacity measurements and ab initio calculations, for example in LaFe4Sb12.
• In all studied materials, the localized vibrational modes are broader than the instrumental resolution. The
average time between collisions with the acoustic phonons can be obtained from the intrinsic broadening.
• Because the lattice thermal conductivity, , is proportional to the average time between phonon collisions,  is
inversely proportional to the intrinsic broadening. The anharmonic interactions that lead to the broadening of the
localized vibrational modes are the likely cause of the reduction in thermal conductivity.
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High-throughput developments at BM14
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ISPyB Information System for Protein Crystalography Beamlines
Joint project of BM14 eHTPX, and ESRF: S. Delageniere, R. Leal, L. Launer, D. Spruce

Creation of an automated pipeline for data collection allowing a high-throughput approach to macromolecular data collection and structure solution
changes the way a typical experiment can be performed. These changes cover many aspects of the structure determination process.
Management of the data and tracking the progress of an experiment through the pipeline becomes a critical part of the process. Provision of an
information system for MX beamlines provides the user with the ability to track and manage the progress of his/her experiment. In particular
use of an information system allows one to:
Receive, store, manage and retrieve information from an all encompassing, intuitive and easily accessible user interface
Allows integration/use of Webservices (industry proven standard based on “firewall friendly” XML communication over HTTP) providing a
seamless data exchange between home labs and a synchrotron (e.g. shipment, crystal and sample details, diffraction plan etc)
Information is available through a web based user interface, and automatically submitted to the appropriate programs (i.e. Beamline control software, DNA).
During data collection, ISPyB stores all of the meaningful meta-data (exposure time, resolution, type of experiment etc), jpeg generation of
diffraction images and links to the original data files. This allows remote users/crystallographers to monitor the progress from his/her home lab
and real-time interaction with team on the beamline.
Data can be exported into various formats and imported back into either the home lab information system, or a local copy of ISPyB.

Current Samples

This overview of the different steps covered by ISPyB shows that it provides for a continuous information flow of data from crystallization (e.g.
by use of PIMS) to deposition of the solved structure in the PDB. Moreover, it provides the framework for the management of data received
and acquired at a typical MX beamline.

DNA output

Adaptive datamatrix detection
Jpeg version of diffraction images

Automatic Sample Changer*
Joint BM14, EMBL, ESRF initiative

User friendly, intuitive user interface, TANGO Device Server for remote use and interactions with other devices or programs.
Smart and adaptive Datamatrix detection algorithm
Real-time online statistics on use
Monitoring of cryo. system preventing loss of sample
Automatic update of software to benefit from latest developments
TANGO Device Server

Log of Events

Tuning tools

Datamatrix identification of Samples

Graphical
view of
Baskets & Samples

Camera view
Inside SC
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BM14, ESRF, EMBL
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3 clicks or fully automated crystal centring algorithm (C3D)
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Auto-Centring
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Pmac controller

eHTPX project

David Stuart, Robert Esnouf Oxford, Colin Nave, Rob Allan Daresbury, Kim Henrick EBI,Kevin Cowtan York,Martin Walsh Grenoble
Chris Mayo Oxford, Graeme Winter, Ronan Keegan, David Meredith Daresbury,Joel Fillon EBI, Paul Young York, Ludovic Launer Grenoble

An easy-to-use resource for protein crystallographic structure determination.
The aim is to unify the procedures of protein structure determination into a single all
encompassing interface from which users can initiate, plan, direct and document their
experiment either locally or remotely from a desktop computer.

Current developments and Future Goals
Storage Dewar management software and integration into ISPyB
Data-mining on results produced by processing software and DNA
Improved communication between SC and ISPyB (datmatrix, …)
Improved User reports submission (email notification, keywords, …)

Develop Grid-enabled UI to allow structural biologists to interact easily with all the required resources for
PX
Portals enabling access to all facilities over the internet
Develop systems for controlling the diffraction data collection and analysis directly transferable to any
synchrotron facility.

Complete automated pipeline predicted for first release in early 2006

Extend and develop structure determination software to take advantage of low-cost, highly parallel
computing facilities.
Develop a Grid-based application allowing the user to manage flow of data from the initial stages of target
selection to the automated deposition of the final refined model in the public databases.

www.bm14.ac.uk

www.e-htpx.ac.uk
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Automation of macromolecular crystallography beamlines (Progress in Biophysics & Molecular Biology 89 (2005) 124–152)
Steffi Arzt a, Antonia Beteva a, Florent Ciprianib, Solange Delagenierea,Franck Felisazb, Gabriele Foerstnera, Elspeth Gordona, Ludovic Launerc,Bernard Lavaultb, Gordon Leonarda, Trevor Mairsa, Andrew McCarthyb,Joanne McCarthya, Sean McSweeneya, Jens Meyera, Edward Mitchella, Stephanie Monacoa, Didier Nurizzoa, Raimond Ravellib,
Vicente Reya, William Shepardad, Darren Sprucea, Olof Svenssona, Pascal Theveneau a
Automation Instrumentation for High Throughput Macromolecular X-ray beamlines (Submitted for publication in Acta Cryst D)
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High throughput sample handling and data collection at synchrotrons: embedding the ESRF into the high throughput gene to structure pipeline. (Submitted for publication in Acta Cryst D)
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Growth and microstructure of Ti2AlN MAX phase thin films characterized
by in situ/ex situ x-ray diffraction and transmission electron microscopy
M. Beckers, N. Schell, R.M.S. Martins, A. Mücklich, W. Möller

In-situ x-ray techniques

Thin film deposition

Motivation

70°

100°
2q

Be
windows

33°

16°

16°

Magnetron

q

Kapton
windows

substrate
Substrate

substrate
Substrate

New setup

Old setup

Value

Hardess

5 GPa

Young Moduls
Resistivity

22 µWcm

Thermal conductivity

37 Wm K

C

> 50 bulk phases
synthesized

C

-1

C

Only carbidic thin films
explored

C

excellent

Sample positioning
Sputter chamber

W. Matz, et al.: Rev. Sci. Instrum. 72 (2001) 3344

-6

C

Decomposition temperature > 1800 K
Oxidation Resistance
excellent
Machinability

Unique combination of
metallic and ceramic
properties

C

346 GPa

-1

Metal

Ceramic

C

Base pressure: < 3 x 10 mbar
Targets: 1 inch 5N Al + 5N Ti
Sputter gases: 5N Ar + 5N N2
Target-Substrate distance 100 mm
Substrates: MgO, Al2O3
T = RT - 1000 °C
Ubias = 0 - 1000 V

Intensity (arbitrary units)

Properties of Ti3SiC2

Obtainable information
Film thickness, roughness, density (XRR)
Phases, lattice constants, texture (XRD)
Growth mode (time dependent XRR intensity)

Magnetron

Nano-laminated Mn+1AXn phases

70°

Substrate holder

(Ti0.63Al0.37)N
Ar/N2 = 2.76/1.38 sccm -> 0.35 Pa
Ti / Al = 60 W / 20 W
Ti2AlN
Ar/N2 = 7.94/0.48 sccm -> 0.80 Pa
Ti / Al = 80 W / 27 W
Compound mode

104

2.0x10-3

Reflectivity at q = 1°

102

1.5x10-3

100
1.0x10-3

10-2
10-4 Reflectivity

TiN on Si(100)
1 nm TiN
3 nm TiN
6 nm TiN

10-6

10-8
0.0

0.5

5.0x10-4

2 nm TiN
4 nm TiN
7 nm TiN

1.0

1.5

q (degree)

5 nm TiN
8 nm TiN

2.0

2.5

0.0
3.0

1

2

3

4

5

6

7

8

9

Thickness TiN (nm) / Deposition time

Growth onto MgO(111) and MgO(100) at TSubstrate = 690°C with 10 nm cubic (Ti0.63Al0.37)N seed layer
(b)

Substrate
MgO(111)

900

600

600

MAX-Ti 2AlN

(Ti0.63Al0.37)N

(c)

6000

300

(d)

Substrate
MgO(100)

2400
1600

4000
MAX-Ti 2AlN

800

2000
0

200

400

100

200

300

106 (a)

900

MgO(111)
Ti2AlN(1013)

f

f

Ti2AlN - 831 Å
Ti2AlN - 396 Å
(Ti0.63Al0.37)N - 94 Å
Substrate

107 (b)

c

MgO(002)

Ti2AlN - 828 Å
Ti2AlN - 414 Å
(Ti0.63Al0.37)N - 121 Å
Substrate

(101)

No roughness increase for (Ti0.63Al0.37)N
for both substrate orientations

Ti2AlN(1013)
22

23

24

25

26

27

(100)

28

2q (degree)

(1013)

(1103)

Only Ti2AlN(1013) peak visible for
both substrate orientations

5

10

Ti2AlN
(00010)

(0113)

103

(Ti0.63Al0.37)N seed layer not
resolvable from MgO{111} peaks
Multiple Ti2AlN(000l) peaks and
minor traces of Ti2AlN(1014) visible
-> Predominant basal plane growth

Ti2AlN: ~500 Å

10

f

(1103)

10

(Ti0.63Al0.37)N
(111)

107

105
Ti2AlN: ~500 Å

4

10

Substrate

102
10

20

30

40

50

Scattering angle 2q (degree)

(1013)
(100)

(111)
(0113)

High surface roughness, resembling to
time-resolved XRR data

Pole figures for Ti2AlN on
MgO(100)

(0113)

(111) (0001)

c

Azimuthal rotation for 0 (3),90 (4),
180 (5) and 270 (6) degrees

Individual grains comprised of tilted (000l) basal
plane layers as proven by image FFT

Persistent orientational relationship

Interfacial topotaxial solid-state reaction between
(Ti0.63Al0.37)N and Ti2AlN proven by HR-XTEM

MgO{111}<110> // Ti2AlN(1012)<1210>

23.5

24

22
TiN(111)

24

26

Al2O3(0006)
AlN(111)

time
th

4 dep. : ~2000 Å
rd
3 dep. : ~1500 Å
nd
2 dep. : ~1000 Å
1st dep. : ~500 Å
Substrate

MgO(111)
TiN (111)

8

10

107
Spinel
(Mg-Al-Ti)O4
(111)

6

10

Ti2AlN(1013)
Ti2AlN(1014)

5

10

4

10

Deposition onto Al2O3(0001)

Only Ti2AlN(0002) detectable
-> Basal plane growth

(Ti0.63Al0.37)N: ~80 Å

103

No single crystal morphology, equi-axed grains with
vertical size comparable to layer thickness

MgO{111}<110> // Ti2AlN(1012)<1210>

103

Epitaxial growth of (Ti0.63Al0.37)N seed
layer (Laue fringes, slight
compressive stress)

(Ti0.63Al0.37)N
(222)

Ti2AlN
(0002)

106

Al2O3
(00012)

(1012)

(1103)

Substrate
Al2O3
(0006)

(111)

(111)

(Ti0.63Al0.37)N: ~80 Å

8

“Obvious” orientational relationship
Ti2AlN:5 no turn, 4 120° turn,3 240° turn
MgO (1013)
substrate: (

Ti2AlN:5 no turn, MgO substrate: (

Interfacial solid-state reaction
detectable from shift of Laue fringes

11

12

22

23

24

25

26

27

105

In-situ XRD - old chamber setup
Formation of self-organized Nunderstoichiometric cubic (Ti1-xAlx)N
thin layer at nominal 2Ti-A-N gas
composition
Spinodal decomposition into TiN +
cubic AlN, concurrent topotaxial
(Mg-Ti-Al)O4 formation
Only Ti2AlN(1013) peak detectable
-> Tilted basal plane growth !?

2000 Å Ti2AlN (+1000 Å Ti4AlN3)
MgO
(111)

104

Complete morphology
change due to multiple
tilted substrate
adaptation
Lateral morphology
variation due to
additional multiple inplane orientations

2

(Mg-Ti-Al)O4
(111)

101

Ti2AlN
W-La
(1017)
Ti2AlN
Ti2AlN
(2110)
(1016)

Ti4AlN3

20

30

40

Cu-Kb

50

60

[0001]

20000

Layer-by-layer growth of (Ti1-xAlx)N
layer with increased roughening
than for deliberate (Ti0.63Al0.37)N

Ti2AlN
(00012)

Ti2AlN

Ti2AlN

MgO

Onset of Ti2AlN nucleation during
ongoing growth clearly visible

Substrate
MgO(111)

200

400

600

800

90

Ti2AlN

Cubic TiN/AlN interfacial layer
clearly detectable from dark field
images

[1210]

(Ti1-xAlx)N

10000

0

80

Scattering angle 2q (degree)

Time-dependent XRR

30000

(Ti1-xAlx)N

70

Multiple Ti2AlN peaks detectable
with only slight deviation from
powder intensity distribution
-> No epitaxial relationship between
film and substrate
-> Ti2AlN layer is non-textured,
proven by pole figures
XTEM investigation

1st deposition
2nd deposition

MAX Ti2AlN

Cubic AlN layer still detectable
-> stable cubic interfacial layer

Ti2AlN
(1013)

W-La

10

100

Ex-situ lab source XRD
MgO
(222)

cub AlN
(111)

103

Scattering angle 2q (degree)

Intensity (arbitrary units)

Intensity (arbitrary units)

4

MgO
[103]

XTEM of Ti2AlN on
MgO(100)

(111)

Intensity (arbitrary units)

10

Deposition onto MgO(111)
Ti2AlN
(00012)

MgO
[100]

Growth onto MgO(111) at TSubstrate = 690°C without seed layer

7

Ti2AlN
(0002)
Ti2AlN
(0004)

[112]

MgO

10 nm

(010)

(011)

Ti2AlN(1012) suppressed due to
selection rules

MgO
(222)

[001]

MgO

XTEM of Ti2AlN on MgO(111)

(1210)

(110)

(1012)
(111)

In-situ XRD - new chamber setup
Ti2AlN
(0006)

(0002)
(0006)

Azimuthal rotation for 0 (5), 120
(4) and 240 (3) degrees

(0113)

Growth at TSubstrate ~ 800°C
6

Theoretical pole figures

MgO
[100]

Ti2AlN

(001)

Close vicinity to Ti2AlN(0006), yet
excludable due to lack of multiplicity
(000l) peaks

Roughening for Ti2AlN,
more pronounced
for MgO(100) substrate
-> Stranski-Krastanov-like growth

[111]

(0008)
(0004)

(112)

(0001)

(1013)

21

Ti(0.63Al0.37)N

Ti(0.63Al0.37)N

400

10

[112]

Morphology
A

Ti(0.63Al0.37)N

[111]

Right: Ti2AlN(0002)

c

(1103)

Oscillatory behaviour is fingerprint for
layer-by-layer growth

MgO

Morphology
B
Ti2AlN

Ti2AlN

allignment
peak

105

Ti2AlN

Ti2AlN

Left: Ti2AlN(1013) [ + Ti2AlN(0006)
+ MgO(111) + MgO(100)]

104

3

MgO
(111)

Pole figures of Ti2AlN on MgO(111)

Lit.

Sputter time (s)

10

100 nm

Intensity (cps)

Intensity (arbitrary units)

(a)

Intensity (arbitrary units)

(Ti0.63Al0.37)N

1200

MgO
[111]
[111]

[112]
[112]

1000

MgO

Ti2AlN layer still consists of grains
with sizes up to layer thickness
Local epitaxy of individual grain
is possible, however rare

Sputter time (s)

Ti-Al-N
(111)

Al2O3
(0001)

MgO
(111)

Theoretical model, discussion and conclusion
Ti2AlN(1012) offers adaptation to one
(Ti0.63Al0.37)N<110> direction
(mismatch 0.33 %)

Both MgO(111) and Al2O3(0001)
offer epitaxial adaptation
for cubic Ti-Al-N(111) growth
<110>

Ti
Al
N
Nsurf
3.00 Å
3.00 Å

MgO(111) ~ 0.7 % mismatch
Mg
O
2.98 Å
2.98 Å

2.99 Å
2.99 Å

<110>

Al2O3(0001) ~ 4 and 17 % mismatch

2.50 / 2.88 Å
2.50 Å
2.98 Å

(Ti0.63Al0.37)N
(111)

7.88 Å
3.00 Å
3.00 Å

Al
O

Ti
Al
N
Nsurf

Ti2AlN
(0001)

Ti2AlN
(1012)

7.43 Å
2.99 Å

(Ti0.63Al0.37)N(111) surface offers
epitaxial adaptation to Ti2AlN basal
plane (0.33 % mismatch)
Three <110> directions on
(Ti0.63Al0.37)N(111) plane allow
threefold orientation of Ti2AlN during
nucleation
During coalescence adjacent grains
can adjoin without grain boundaries
-> single crystal film

!

Successful deposition of Ti2AlN MAX phase thin films (Second experiment
world-wide)
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Conclusions

Low substrate temperature
-> Changed interfacial adaptation
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In-situ XRD during sputtering deposition of Ni-Ti Shape Memory Alloys
on TiN/SiO2/Si(100)
R.M.S. Martins 1, N. Schell 1, M. Beckers 1, A. Mücklich 1, R.J.C. Silva 2 , K.K. Mahesh2, F.M. Braz Fernandes 2
1

Institute of Ion Beam Physics and Materials Research, Forschungszentrum Rossendorf, P.O. Box 510119, 01314 Dresden, Germany
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CENIMAT, Campus da FCT/UNL, 2829-516 Monte de Caparica, Portugal

Abstract: Ni-Ti thin films have attracted much interest as functional and smart materials due to their unique properties. However, there are still important
issues unresolved like formation of film texture and its control as well as substrate effects. In this study, near-equiatomic films were obtained by co-sputtering
from Ni-Ti and Ti targets in a process chamber installed at the ROssendorf BeamLine (ROBL-CRG) at the ESRF. In-situ x-ray diffraction during the actual growth
of these films allowed to establish a relationship between structure and deposition parameters. The effect of a TiN layer deposited on top of the SiO2/Si(100)
substrate prior to the deposition of the NiTi films was analysed. These experiments have shown that TiN acts not only as a diffusion barrier, but also induces
different crystallographic orientations. Promising results are presented concerning the use of a TiN intermediate layer in order to manipulate the texture of NiTi
films. This is very important because the recoverable strain depends on the texture and strong textures may lead to anisotropic shape memory behavior.

Experimental:

Results:

Widening the scope of previous experiments concerning the influence of the
deposition parameters on the NiTi films structure [1-4], here the incorporation of a
TiN intermediate layer was tested. TiN films grown by vapor phase deposition
techniques usually have a preferred growth orientation that varies according to the
growth conditions. Previous measurements performed by the ROBL staff were
fundamental in choosing the deposition conditions for TiN [5].
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Fig. 2: Evolution of the net area of the diffraction peaks B2(110) and B2(200) for sample S31 (a), and for
the diffraction peak B2(110) for sample S32 (b) during deposition.
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The results have shown that TiN acts not only as a diffusion barrier, but also induces
different crystallographic orientations:
- in sample S31 (Fig. 2-a), the TiN layer induces the preferential growth of (110) plane of
the NiTi B2 phase parallel to the substrate from the beginning of the deposition, with a
constant rate up to the end of the deposition; the diffraction peak B2(200) appears only at a
later stage, always remaining very weak;
- for the sample S32 (Fig. 2-b), the diffraction peak B2(110) also appears since the
beginning of the deposition (though much less intense).
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Fig. 1: Deposition chamber mounted into the
6-circle diffractometer of ROBL at ESRF.
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Tab. 1: Deposition parameters for the various samples investigated.

Fig. 3: 3D sequence of XRD patterns of sample S34 during the deposition of NiTi (≈ 800 nm), λ = 0.675 Å.
(Each scan corresponds to ≈ 2 min growth).
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peaks of a TiN film (grown at 450°C with a bias of
–30 V) shown as a function of its thickness [5].

76

77

78

79

80

0
35

36

37

60

40

20

38

39

40

41

42

43

44

0
75

45

76

77

78

79

80

2θ (deg)

2θ (deg)

2θ (deg)

(a)

.

B2(211)

Intensity (a.u.)

100

R-phase

B2(110)

S31:TiN ~ 215 nm
S32:TiN ~ 80 nm
S34:TiN ~ 15 nm

300

R-phase

Intensity (a.u.)

R-phase

150

R-phase

60
S31:TiN ~ 215 nm
S32:TiN ~ 80 nm
S34:TiN ~ 15 nm

R-phase

Intensity (a.u.)

200

R-phase

Summary:
A TiN intermediate layer acts not only as a diffusion barrier, but also
induces different crystallographic orientations on the NiTi film deposited on
top, which depends on the TiN layer thickness. Frequently, a crossover
phenomenon is observed in TiN films. As measured by Bragg–Brentano
XRD, (002) oriented grains [(hkl) grains are here defined as grains with a
(hkl) plane parallel to the film surface] dominate at small thicknesses, while
(111) oriented grains take over at larger thicknesses [5]. The NiTi films
(S32 and S34) exhibit similar orientations. The thickness of their TiN layers
doesn’t approach the crossover thickness (Fig. 5). They exhibit similar
crystallographic orientations thus allowing us to conclude that there is a
relation between the orientation of the TiN layer and the NiTi film
crystallographic orientation.
The deposition of TiN as a possible future tool to control the properties of
NiTi films to be used in functional devices is here highlighted.

Intensity (a.u.)

Si(100)

(b)

Fig. 4: Ex-situ XRD analysis results with the change of temperature, λ = 1.5406 Å
(a) RT and (b) T= 100°C.

A TiN layer with ≈215 nm thickness (S31) induces the preferential growth of (110) planes
of the NiTi B2 phase parallel to the substrate from the beginning of the deposition, with a
constant growth rate during the whole deposition. For a TiN thickness of ≈80 nm (S32), the
diffraction peak B2(110) also appears from the beginning of the deposition but much less
intense. In this latter case, the B2(211) peak was also detected with comparable intensity
to the B2(110) peak. The same orientations and similar intensities were observed for a NiTi
film deposited on a TiN layer with ≈15 nm (S34).
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Determination and Modelling of Residual Stresses in
Superconducting Wires

MOTIVATION
Superconducting wires are used for the
production of very high magnetic field to
avoid the risk of high temperature. These
wires when used at very low temperature
(Tc-critical temp.) produce zero resistance.
The two most common superconducting
materials are Niobium Titanium and
Niobium Tin. The Nb3Sn is used for high
field magnets and is therefore of most
interest.

Tejas Parikh, Dr. Neil Fellows and Dr. John Durodola

In order to improve the design of
superconducting magnets, an experimental
technique is required which will determine the
residual stress field in reacted wires. This
project is concerned with developing a suitable
method for the measurement of residual stress in

Wire attached to
strain gauge

Motor and disc
arrangement

SMART
group

Future work
• Neutron diffraction with bundle of
wires to obtain average stress values
in different materials

reacted wires.

• Synchrotron diffraction to get stress
distribution along the cross section

The below figure shows the expanded view of the

MODELLING

shaded part.

Etching with motor-disc arrangement

Niobium
(Nb)

Problems encountered with the above method

Tantalum (Ta)

• Non-uniform cut
• Inability to measure the depth of cut with
etching without removing arrangement

Electric discharge Machining (EDM)

Copper

Copper
elctrode

Bronze

Cross section view of Nb3Sn wire
The specimen involved in this work is a
niobium tin (Nb3Sn) wire, which is 1.5 mm
in diameter, having round cross section and
very brittle in nature. It consists of copper
layer of about 0.5 mm in the core, which is
covered by very thin Nb and Ta layer. The
Cu-Nb acts as a stabilizer, while the Ta layer
is a reinforcement material. Outside of these
two thin layers, there are niobium filaments
surrounded by a bronze matrix.
The crystallographic structure of Nb3Sn is
A15 type. Overall, there are about 10000
filaments in the cross section, each having
the dimension of about 3 micron (µm).

Strain gauge
attached to
wire

Nb3Sn

1.5mm
0.05mm

METHODS

Expanded view

• Chemical etching method

Copper plate is an electrode
Kerosene is an electrolyte solution

• Very accurate depth of cut
• Non uniform material removal along the depth
HNO3 as an etchant
in the test tube

With acid & motorstirrer arrangement

• Analytical solution is too complex considering
filaments surrounded with matrix

ABAQUS Finite element model of wire
The results from the measurements will be
used to help, develop and verify a finite
element model to predict residual stresses
in reacted superconducting wires.
ACTIVITIES INVOLVE
• Evaluation of suitable non-destructive
techniques for measurement of residual
stress.
• Development
of
residual
stress
measurement techniques for wires.
• Development of finite element models for
predicting residual stresses in reacted wires.
• Verification of finite element models for
predicting residual stresses.
REFERENCE
• A prediction of stress state in Nb3Sn
superconducting composites, Journal of applied
physics, Vol 51(5), 1980, pp 2748-2757

Changes of crystal and magnetic structure
of NdFeO3.
W. Sławiński1, R. Przeniosło1, I. Sosnowska1 and E. Suard2
Institute of Experimental Physics, Warsaw University, Hoża 69, 00-681 Warsaw, Poland
2 Institut Laue Langevin, 6 rue J. Horowitz, Grenoble, F 38042, France

Fig. 1. Schematic presentation of the
NdFeO3 orthorhombic unit cell. The Nd
atoms are shown as small empty
circles. The Fe atoms (not shown) are
located at the centres of the FeO6
corner-linked octahedra. The oxygen
atoms are shown as grey and black
circles.

The crystal and magnetic structure was studied by
neutron diffraction by using the high resolution neutron
diffractometer D2B at ILL Grenoble. The wavelength used was
1.59Å and the measurements were performed at several
temperatures between 300 K and 1.5 K. The observed neutron
diffraction patterns were analyzed with the Rietveld Method
[9] and the temperature dependence of the structural
parameters was determined.
Temperature dependence of the refined values of the
lattice parameters a, b, c and of the unit cell volume V are
shown in Figs. 4 a-d, respectively. One can see that the a and
c parameters increase with temperature but the b lattice
parameter has a local minimum near 150 K. Notice then the
vertical scale of panel b is decreased 10 times then panel a
and c.

Fig. 2. Schematic presentation of the
Fe and O2 atoms located in a layer
around the (a;b) plane in the
orthorhombic structure of NdFeO3
(space group Pbnm). The Fe atoms
shown as empty circles are located at
(4b) positions (z = 0). The O2 atoms
located at general (8d) positions with z
=+0.046 and z = -0.046 are denoted
as dark grey and light grey circles,
respectively.

Schematic presentation of the octahedra orientation is
presented on Fig. 2 The two different Fe-O2 long and short
bonds are denoted by l and s. The Fe-O2-Fe angles α2
between the short and long Fe-O2 bonds are shown. Solid
bent arrows show the direction of rotation of the FeO6
octahedra around the nearly vertical Fe-O1 axes with
increasing temperature. Fe-O2 bonds do not expand with
temperature increase and that the FeO6 octahedra perform a
coherent rotation around the (nearly vertical) Fe-O1 bonds
[4].

From 200 K down to
100
K
the
magnetic
moments
direction
gradually turns towards
the c-axis. Below 100 K
the angle between the
moments direction and the
c-axis equal to about 10
deg.
Fig.
5
show
temperature dependence
of magnetic
moments
components. The magnetic
moment turn from 70 deg
in 290K to 10 deg in 1.5 K

Fig. 3. Results of the Rietveld refinement of the neutron powder diffraction
pattern of NdFeO3 at T = 1.5 K.

[1]

a [Å]

5.440

b

5.5875

b [Å]

One of the most interesting magnetic phenomena in rare
earth orthoferrites is the reorientation of the Fe3+ magnetic
moments induced by variation of temperature. Below the Néel
temperature of TN= 760 K [2] down to 200 K the Fe3+
magnetic moments in NdFeO3 have an antiferromagnetic order
of Gx type with a small ferromagnetic component Fz [10].
Between 200 K and 105 K the magnetic moments turn and the
ordering below 100 K is mainly composed of GzFx type
antiferromagnetic arrangements [9] (see Fig. 5).

5.445

5.5870
5.5865

7.760

c [Å]

NdFeO3
crystallizes in the orthorhombically distorted
perovskite structure described with the space group Pbnm [1].
Fig. 1 shows schematically distored structure of NdFeO3 . In
this space group Nd atoms lose their special position. FeO6
octhedras are distorted and change their orientation.
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c

7.755
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236.5

Volume
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The crystal and magnetic structure of NdFeO3 has been
extensively investigated in the past using single crystal X-ray
diffraction, polycrystal X-ray [1] and neutron diffraction
[2,3,4], Mössbauer Effect [5], NMR [6], Young’s Modulus [7]
and magnetic susceptibility [8].
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Fig. 4. Temperature dependences of the lattice parameters a, b, c
and the unit cell volume, V (d) of NdFeO3 determined from Rietveld
refinement of neutron powder diffraction data as already published
in [4].

Fig. 5. Temperature dependence of the total ordered Fe3+
magnetic moment (upper panel) and its Mx and Mz components
(lower panel) in NdFeO3 obtained from Rietveld refinement of
neutron powder diffraction patterns. The present data are given by
solid symbols while the reference data are given by empty symbols.
The upper panel shows reference values of the magnetic moment
obtained from Mössbauer data [11] ( ) and neutron diffraction [3]
data (∆). The lower panel shows data from [12]. Fig. from [4].
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1ILL; 2ESRF; 3University

of Reims, LACM; 4University of Caen,CRISMAT, France
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Abstract:
Bone is a composite material in which two phases are associated, a mineral phase, formed by crystals of hexagonal hydroxyapatite
Ca10(PO4)6(OH)2 (HAp), and an organic phase, collagen. The c-axes of HAp and the collagen fibres are preferentially oriented in the direction of the
stresses which the bones need to withstand. We probed the samples with a spatial resolution of 350 µm on ID15B at ESRF in order to investigate the
preferred orientation of HAp crystallites in sheep tibia at the interface with implant and calculate the pole figures from the orientation distribution
function.

2. Structure of the bone
the bone occurs with two principal structural forms: cortical, or compact bone, which form a dense matrix, and spongy bone.
Compact bone exists in the axes of long bones and spongy bone in the ends of long bones, inside the vertebral bones of the spine,
and compressed between the layers of compact bone in the skeleton's plate structures. We used in this work cortical bone.
HAp crystallises in the hexagonal system and its unit cell parameters are a=9.4 Å and c=6.8 Å, its space group is P63/m.

3. Materials and methods
We used in this study bone material from one sheep with two implants, Ti-6Al-4V, (20 mm x 10 mm x 1.4mm) inserted in its left and right
tibia bones and extracted 60 days after implantation , the implant having one face coated, the other not.

4. ID15B at ESRF
• ID15B at the ESRF is a high-energy beamline (88,4 keV), equipped with a diffraction setup for the studies of single crystals, powders and amorphous materials with area detectors to
collect many reflections simultaneously.
detector

sample

slits

• The detection system is a MAR 345 online image plate scanner (2300 pixels, pixel size 0.15 mm).
• The one-dimensional diffraction patterns were obtained by integration of the diffraction rings of the two dimensional patterns.
• one complete pole figure of bovine bone takes 40 minutes.

5. Results
The WIMV method has been used for describing the texture, implemented into the MAUD
program (Materiel Analysis Using Diffraction) of L. Lutterotti. We refined first the crystal structure
from the sum of all data and afterwards the texture of the 360 whole neutron powder diffraction patterns.

Reference

Face coated 0mm

002

Face non coated 0mm

Face non coated at 2.4mm
Diffraction patterns of sheep tibia, spatial resolution 350 µm,

684 diffraction patterns of sheep tibia,

λ= 0.14Å on ID15B

6. Conclusion
• ID15B show that the bone has a preferred orientation in the direction of the stresses which the bones need to withstand.
• D20 has a PSD detector then it is very necessary to use the Euler cradle in order to measure the texture, on the other hand
ID15B has a area detector, in consequence it is enough to rotate the bone following the Z axis and to integrate the intensity of the
diffraction rings.
• the orientation of HAp crystallites at the interface with an implant depend of the coating of the face of the titanium alloy, used for
the implant.
 If the implant is coated with HAp, the HAp crystallites preserve the preferred orientation inside the bone. If the implant is not
coated, the crystallites change orientation.
 Surface coating can reduce significantly the rejection rate of implants, therefore the HAp coating on titanium alloy should
possess a very good combination of biocompability and mechanical properties.
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A STUDY OF PIGMENTS, SUPPORTS AND
BINDERS USED IN CHURCHES OF ANDALUSIAN
BAROQUE STYLE, SPAIN
L.K Herrera(1) A. Duran(1) A. Justo(1)
Centro de Investigaciones Científica. Instituto de Ciencia de Materiales de Sevilla, Av. Américo Vespucio s/n, Isla de la Cartuja, 41092
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ABSTRACT
This research is focused on eight churches of the Andalusian

baroque style (c.a. XVI - XVIII centuries) containing
significant artwork like altarpieces, organs and wall paintings.
These cathedrals and churches can be considered as relevant
representatives of the Andalusian cultural heritage.

This study

is aimed to assess weathering and deterioration
effects on pigments, supports and binders by using several
methods for material characterization.

Altarpiece of Asunción
church of Almeria

INTRODUCTION
The Andalusian region played very important social,

MATERIALS AND METHODS
Materials characterization of paints applied

on several parts
of churches like altarpieces and sculptures, among other
elements, were studied by using several techniques such as:
optical microscopy, scanning electron microscopy (SEM), energy
dispersive X-ray analysis (EDX), X-ray diffraction (XRD) and
Fourier transform infrared spectroscopy (FTIR).

cultural and historical roles in the baroque period of
Spain (XVII-XVIII) by means of a wide spectrum of
different artistic and scientific activities. Great part of
the commercial interchange between Spain and
America, the Netherlands and Italy were carried out
through the harbors of Seville, Cadiz, Malaga and
Almeria where the churches studied in this work were
located.

The

small samples have different inorganic
pigments, clayey materials and binders, are important
components of the support and coloured layer of the
baroque historical paintings. In the preliminary test
microanalytical
techniques
were
used
for
identification of inorganic pigments contained in the
small sample.
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Inorganic pigments identification in different polychromes of the altarpiece
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SEM photo of a
cross section of paint

EDX spectrum of silver
paint

O

Lead white: 2PbCO3 .Pb(OH)2, PbCO3
Calcium sulfate: CaSO4 .2H2O (in substrate)
Calcium carbonate: CaCO3

REDDISH
COLORS

Cinnabar: HgS
Red lead: Pb3O4
Iron oxide: Fe2O3(Hematite)
Natural red clay : Al2O3.2SiO2.2H2O Fe2O3.(substrates for
silver and gold leaf)

GREENISH
COLORS

Green earth: silicate minerals of ions (Fe +2, Fe +3 , Mg +2,Al +3,
K+1

EDX spectrum of white
substrate CaSO4

EDX spectrum of natural
red clay used as an
ingredient in substrate for
silver leaf

CHEMICAL COMPOSITION

WHITE COLORS

BROWN COLORS Raw siena (Fe2O3.nH2O + clays )
BLACK COLORS

Black boned

METALS

Gold, silver,

ther important components were the microscopic particles of pigments mixed with binder and applied over basic support,
forming a composite layer of a micrometer thickness. Consequently the study of chemical compositions of the alterating surface
layers is of the great interest. This requires a small sample probe and the highest spectral resolutions possible such as: X-ray
Synchrotron micro beam analyses and SR-FT- IR.

Order and disorder by random crosslinking
smectic elastomers
De Jeu W.H., Muresan A.S., Lambreva D.M., Ostrovskii, B.I., Finkelman H.*
FOM Institute AMOLF, Kruislaan 407, 1098 SJ Amsterdam, the Netherlands, dejeu@amolf.nl
*Institute for Macromolecular Chemistry, Albert-Ludwig University, Freiburg, Germany

Soft disorder induced by random crosslinking smectic elastomers [1] provides a new
approach to problems of randomness and disorder in condensed matter systems. In many
other systems (disordered Ising magnets, superfluid transitions in helium, phase transitions
in confined smectic liquid crystals) the disorder is quenched: the source of the distortions is
fixed in space and time. In smectic elastomers the crosslinks are not rigidly ‘frozen’
defects, but consist of flexible chains embedded in the fluctuating system.
Analysis of the x-ray lineshape of the smectic peak indicates that at low density the
crosslinks stabilize the quasi-long-range ordering in domains larger than for the
homopolymer, while at high concentrations disorder is induced (see Figure 1). Transitions
to short-range order are observed as a function of crosslink concentration [2], crosslink
stiffness and harmonic number. Some further results on other compounds indicate that also
true long-range order can be reached.

Figure 1: X-ray intensity from the smectic layer periodicity (open circles) for a smectic elastomer with 15%
(a) and 20% crosslinks (b), respectively. Dotted line: Gaussian fit, full line: Lorentzian fit. In (a) the results
are well described by a Gaussian central part (indicating finite domain sizes) and additional power-law
wings, in (b) by a Lorentzian indicating short-range order.
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Properties of an Organic-Inorganic Langmuir Monolayer
and in-situ Investigation of its Induced Decomposition
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The System

DMPC
the prevailing phospholipid
in human celluar-membranes

Bragg rod scan

information obtainable:
• in-plane ordering and chain alignment
(GIXD)
• (time-resolved) electron density
profile normal to the surface (GIXOS)
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Molecular Dynamic simulations suggest, that charged
crystal surfaces also play an important role in
membranolysis (the rupture of cellular membranes): the
lipid layer in contact with the crystal reveal reduced
mobility of individual molecules leading to a separation of
the bilayer. This process is believed to be important for
arthritic cellular diseases like gout where the charged
crystals are uric acid crystals.
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scientific interest
• investigation of thermodynamic
and structural properties of
organic-inorganic hybridlayer
• crystal surface charge induced
nucleation processes
• induced decomposition of the
compound layer
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hydrophilic headgroup (~8Å)
zwitteronic with
positive charge in the tip
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water
molecules

self-assembled hybrid layer

hydrophobic chains (C14)
≈17.5Ǻ long

δ+

Langmuir monolayers at the air water interface are exposed to lateral and normal
fluctuations of the liquid subphase disturbing the ordering of the surfactant molecules.
Complex fluids like hydrosols exhibit tunable physical properties which offer possibilities to
damp surface fluctuations and manipulate the self-assembly process of amphiphilic
molecules at the surface. The coupling of inorganic clay nano-particles with bio-molecules
result in new hybrid monolayers with strongly altered thermodynamic and structural
properties.

δ+

Introduction

80

10 0

120

140

surface pressure [mN/m]

160

[L.Wiegart, B.Struth, M.Tolan, P.Terech, Langmuir 2005]

2

a re a p e r m o le c u le [ Å ]

17

18

19

20

21

22

23

24

25

usol = 0.22 Å

shifts in the phase diagram are similar to a temperature
reduction
‘virtual cooling’
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Idea: screen the charges between the lipid
headgroups and the crystal surface to
remove the crystal layer.
Citric acid
A small and negatively charged
(C6H8O7)
molecule like citric acid
can substitute the
nano-crystals at the membrane.
The desorption process is monitored in-situ
via the electron density profile. The newly
developed GIXOS technique (~30s instead
of ~1.5h for conventional XSR) allows for the
investigation of the related kinetics.
The interface coverage ϑ with crystallites
has been fitted to a Langmuir model:
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• the compound layer can be decomposed by
screening the electrostatic interaction e.g. by the
injection of citric acid
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• the new developed GIXOS technique allows for the
investigation of the kinetics of the induced desorption
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Outlook
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• the crystals function as templates for the selfassembling process of the membranes

• first direct observation of the crystal induced
demobilisation of the lipids in a membrane
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• the surface charge of the crystallites act as
anchors for the zwitterionic headgroups of the
surfactant

• the improved rigidity of the hybridlayer and the
accompanied damping of fluctations is refleted both
in the thermodybamic and structural properties
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Direct investigation of the dynamic of the
hybrid layer by means of X-ray Photon
Correlation Spectroscopy (XPCS)

Self-assembly of nanoparticles in-situ GISAXS study
Y. Chushkin, O. Konovalov
ESRF, 6 rue Jules Horowitz, BP 220, 38043 Grenoble, France

L. Chitu, E. Majkova
Institute of Physics SAS, Dubravska cesta 9, 84511 Bratislava, Slovakia

V. Holy
Charles University, Department of Electronic Structure, Ke Karlovu 5, 12116 Prague, Czech Republic

M. Giersig, M. Hilgendorff
Caesar research centre Ludwig-Erhard-Alle 2, D-53175 Bonn

Experiment:
ID10B beamline ESRF
In-situ GISAXS
Beam size 0.3(H)x0.05(V) mm
Acquisition time 5 sec/image
αi=0.186o λ=1.55 A
Princeton CCD

Samples:
Co nanoparticles ~5.5 nm radius
Sterically stabilized
Dispersed in Toluene
Preparation:
5 µl drop deposited on Si3 N4 substrate
Spontaneous and controlled drying
With and without magnetic field

measurement

simulation

GISAXS
surface sensitive
non destructive
statistically average information
2

I (Q) ~ F (Q) ⋅ S (Q)

Structure
factor

D
Form factor

R=5.4 nm r.m.s.=0.3 nm
D=14.3 nm r.m.s.=1.2 nm
2D short-range order with
hexagonal symmetry

Slow drying of the drop ~20 min
Perpendicular magnetic field B=0.4 T

R

How does the layer grow?

In-situ GISAXS
Spontaneous evaporation ~5 min B=0 T

nanoparticles organization at
liquid-air interface

Debye-Scherrer ring

Linear dependency
particles trapping at the liquid-air interface
surface diffusion and 2D islands growth
Peak Intensity=

S (Q ) − 1

Proportional to ordered area
S(Q)=1 for random distribution

Cuts along Qz (T.E.R.)

nanoparticles organization on
a substrate surface

“Exponential” dependency
final stage of a solvent evaporation
layer corrugation
Growth process

(Terry P. Bigioni et. al. (to be published in Nature Materials))

Depends on evaporation rate
Initial particles concentration
Type of surfactant
Presence of the magnetic field etc.

Conclusions and perspectives
•Nanoparticles self-assembly can be successfully studied by in-situ GISAXS
•Highly ordered layers are obtained at optimum evaporation rate
•Layer formation occurs a liquid-air interface
•Influence of the magnetic field is to be investigated
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The bending rigidity of phospholipid monolayers in presence of an antimicrobial frog peptide studied by Grazing
Incidence X-ray Scattering (GIXS).
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EXPERIMENTAL GEOMETRY

WHY ?

SAMPLE PREPARATION FOR GAS-LIQUID INTERFACE
movable
barier

Antimicrobial peptide secretion is a part of the natural immune response of many living
organisms. These peptides allow a rapid response to infection by diverse bacterial species.
For many antimicrobial peptides, it appears that the main target is the lipid bilayer itself,
rather than specific protein receptor(s) within the cell membrane. An understanding of how
the peptides distinguish between bacterial and mammalian membranes would allow the
design of novel peptide antibiotics, which could selectively kill bacteria. Despite the growing
interest in these peptides, the molecular mechanism involved in antimicrobial peptidemediated rupturing events of bacterial cell membranes still remains unclear. Recent works
[European Biophysics Journal, 31, 428, (2002) ] showed that antimicrobial peptides destroy
in-plane ordering of the lipids in the bacterial type of the cell membrane. In the present work
we have studied effect of the antibacterial peptides on elastic properties of membranes.

Lipids only

THE GRAZING INCIDENCE SCATTERING AND BENDING RIGIDITY

MOLECULES

ϕ − out of plane angle
λ– wave length (0.16 nm )

0

γ /κ

||

The antibacterial peptide used in the studies is peptidyl-glycylleucinecarboxyamide (PGLa).
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MEASURES AT LIQUID-LIQUID INTERFACE:

)]

TESTED MONOLAYERS :

(In this case, measurements were done with ϕ=0 and for DSPC and DMPG)
With this setup, the surface tension (γ) could be reduce to a value close to 0.
So it’ s possible to obtain a more direct access to the rigidity (κ)

where K0 is the modified second-kind Bessel function of order 0.
The differential scattering cross-section for a homogeneous fluctuating Langmuir film is:

 dσ 

 ≈ Ar
 dΩ 

To be closer to the real mammalian membranes and for study his effect on
rigidity, in both case, monolayers were prepared with and without Cholesterol.

2θhor – in plane angle

) − K (r

∆ρ g /γ

Whereas a mammalian cell membrane was mimicked with the zwitterionic
lipidDiPalmitoyl-PhosphatidylCholine (DPPC).

α f – exit angle

Where A is the area, γ is the surface tension, κ is the bending rigidity and ∆ρ the density difference between liquid and
vapour. This describes thermally excited capillary waves, limited by gravity for q|| <(∆ρ g/γ)1/2, by surface tension for (∆ρ
g/γ)1/2 < q|| < ( γ /κ)1/2 and by bending rigidity for q|| > ( γ /κ)1/2 . Fourier-transforming back, one obtains the height-height
correlation function:

[ (

A bacterial cytoplasmic cell membrane was mimicked with the negatively charged
lipids DiPalmitoyl-PhosphatidylGlycerol (DPPG).

α i – incidence angle (~ 2mrad)

1
k BT
A ∆ ρ g + γ q ||2 + κ q ||4

z (0 )z (r|| ) = k B T /( 2 π γ ) K 0 r||

Lipids + peptides

The membranes (monolayers) were prepared using Langmuir
technique by spreading a defined volume of the respective pure
component or mixtures of peptides with lipids onto the aqueous
subphase (pH 7.4). A movable barrier was used to vary the area
per molecule (A) and the surface pressure (π)

Any rough surface produces non zero diffuse scattering of X-rays in Grazing Incidence geometry. Scattering intensity is
defined with the height correlation spectrum of fluctuations at the surface. The liquid surface is perturbed with the
thermally excited capillary waves that are determined by the surface energy associated with the deformation modes.
Presence of a film of surfactants on the liquid surface causes modification on the spectrum of fluctuation due to elastic
properties of the film. Developing the free energy as a function of the mean curvature [Helfrich, Z. Naturforsch., 28c ,
693, (1973)] the height fluctuation spectrum can be built

z (q || )z (− q || ) =

π

π

z ( 0 ) z (r ||

)

)

−1 e

i q || r ||

where qz and q|| are the vertical and horizontal components of the wave vector transfer, respectively. A is the illuminated
area on the surface, re is the classical electron radius, and tin and tsc are the Fresnel transmission coefficients of the bare
water surface for the incident and the scattering angle, respectively. The form factor ρ˜(qz) is the Fourier transform of the
electron density profile of the film and ρsub is the electron density of the substrate (water). The X-ray measurements are
therefore sensitive to γ and κ through the height-height correlation function. And the measured Intensity
‘corresponds’, in first approximation, to the Height fluctuation function
[S. Mora et al., Europhys. Lett., 66 (5), pp. 694–700 (2004)]
Height Fluctuation Function

G=72mN/m, K=0,1 KbT
G=72mN/m,K=1KbT
G=72mN/m,K=10KbT
G =72mN/m,K=100KbT
G=36mN/m,K=0,1KbT
G=36mN/m,K=1KbT
G=36mN/m,K=10KbT
G=36mN/m,K=100KbT

Area of
measurements

γ

κ
* : Buffer
* : Buffer + Monolayer (in this
case DPPG without Cholesterol at γ
= 57 mN/m)

I/I0

INFORMATIONS :
Up to Qxy = √(γ/κ), the slope of the curve is close to Q-2 , which correspond to a dominant effect
of Surface tension (γ).
After this point, the slope changes and now is close to Q-4, which now, correspond to a major of the
Rigidity (κ).

LIMITS :

RESULTS:

For small Qxy, the limitation is due to the beam setup (size of slit for example)

On this figure, the experiments data (Symbols) were plot with the best fit (lines).

For the biggest Qxy (around 5e9 m-1 for an incident angle closed to 2 mrad ), the contribution to

Values for rigidity were found: DSPC= 40 KbT, DMPG=30 KbT and
DMPG+PGLa = 10 KbT.

diffusion of water’s structure becomes more important and it’s no more possible to take
informations from the capillary waves theory.That’s why we stop after 1e10 m-1
Fortunately, the range between the beginning of rigidity as dominant effect and this limit seems to
be sufficient to obtain informations about rigidity

Qxy (1/m)

These results demonstrate that addition of peptides to the negatively-charged
membrane of DMPG reduces the rigidity of the film.

Limit by water structure factor

Simulated curves at T=20oC γ=72mN/m

Sum of the two contributions

K=0.1 KbT
K=1 KbT
K=10 KbT

κ

Water structure

Qxy (1/m)

COMING SOON ….
- Taking all parameters (Variation of iluminated Aerea, Resolution factor,…) into account
- Taking a possible change in surface tension with Qxy into account (Mora et al., Phys. Rev. Lett., 90 (2003) ; Phillips, J. Phys. Chem. B, 108
(2004)
-Fit the curve and Extract data from the measurments done at Gas-Liquid Interface
-. Do others measurements at Liquide-Liquide Interface with differents molecules (the sames as at Gas-Liquid Interface)

I/I0

γ

No more
informations

I/I0

I/I0

K=100KbT

Height Fluctuation

Dynamical quaternary structure of small Heat Shock Proteins
under extreme temperature and pressure:
opposite behaviour of lens α-crystallins and Yeast HSP26

ID2
SAXS

Stéphanie FINET (ID2-ESRF, Grenoble); Fériel SKOURI-PANET (IMPMC, Paris); Sophie QUEVILLON-CHERUEL (IBBMC, Orsay) ;
Magalie MICHIEL and Annette TARDIEU (PBSF-P6-IM, Paris)
Introduction: The small heat shock proteins (sHSPs) are found in most organisms (archea,
bacteria, plants, animals) where they are induced upon stress. They function as molecular
chaperones since they are able to prevent thermal and chemical-induced aggregation of a variety of
substrates both in vitro and in vivo [Basha et al., 2004]. The sHSP family is characterized by a highly
conserved C-terminal domain of around 100 amino acids, “the alpha-crystallin domain”, and a
variable N-terminal domain. A typical feature of sHSPs is the formation of large oligomeric
complexes: 12 - 40 subunits of 12 - 50kDa. In plant and bacteria, sHSPs have a fixed number of
subunits, whereas in mammals they are polydisperse. So far, only three 3D structures are known,
one from wheat, hsp16.9 with12 subunits (van Montfort et al. 2001), one from hyperthermophile
archeon Methanoccus jannaschii, hsp16.5 with 24 subunits (Kim et al. 1998), and one from a
parasitic flatworm, Taenia saginata Tsp36, with 2 subunits, each subunit containing two alphacrystallin domains (Stamler et al. 2005). The sHSPs possess the original property to rapidly
exchange their subunits while keeping the same average number of subunits. Moreover, if the
environment is modified in vitro (pH, temperature...), they can change their size and oligomeric state
through subunit exchange (Bova et al., 1997). In vivo, subunit exchange might control the
chaperone properties, often associated with changes of oligomeric state. In human 10 sHSPs are
known. We are also interested in one point mutation leading to pathologies: arginine 120 to glycine
in the alphaB-crystallin (myofibrillar myopathy and cataract, Vicart et al., 1998). Despite a number of
efforts, little is known on the structural features that regulate the sHSP size and functional properties
(Bova & al. 1997; Putilina & al. 2003).
ID2 – Small Angle X-ray Scattering
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Conclusions: (1) Protein structure and stability: disruption of the quaternary
structure, related to their function. (2) Chaperone-like activity enhanced by T and P:
Temperature and pressure are stress factors that help to understand how similar
subunits can be assembled to form homo or hetero-oligomers of different sizes and
polydispersity and how such structures are regulated by the environment to form
functional entities. (3) Opposite behaviour of lens αN, αB-crystallins and yeast
HSP26. The next question is how the subunit exchange mechanism may induce the
formation of sHSP-substrate complexes upon stress (chaperon like function).

References: Skouri-Panet F., Quevillon-Cheruel S., Michiel
M., Tardieu A. and Finet S. Biochimica et Biophysica Acta, in
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X-RAY SCATTERING ON
FERROFLUID FREE SURFACE
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ROSENSWEIG INSTABILITY

HARD-WALL-INDUCED ORDERING
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Left: homogeneous magnetic field H⊥ is applied perpendicular to the surface by means of a pair of
Helmholtz coils. Center: flat liquid surface at zero external field. Right: macroscopical standing waves
(with peak-to-peak distance L) developed on the surface in the fields higher than the critical value.

Magnetite (Fe3O4) core of size
δC = 5÷10 nm with magnetic
moment µ=103÷104 µB.
Magnetite concentration:
2 % vol. for the sample FF2
7 % vol. for the sample FF7

(
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)
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χi χ + 1
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Liquid carrier – water.
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A system of standing waves suddenly appears at a certain value of the
homogeneous field HC normal to the ferrofluid surface, which can be seen even with
naked eye [2]. At such a transition, known as an “exchange of stability” or
bifurcation, the ferrofluid surface achieves a new equilibrium state. The solution of
the dispersion equation for an interface between two semi-infinite media reveals that
the HC value depends on the density ρ, surface tension σ and the magnetic
susceptibility χi of the ferrofluid and the gravity constant g as

Surfactant – sodium oleate
(C18H33NaO2) double layer.
The hydrophilic polar heads
are shown as red dots.
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wetting layer

Fig. 3. Particle ordering phenomena
mediated by the joint action of the applied external
fields and high magnetic susceptibility of the “wetting
layer“, introduced by a specific interaction between
the particles and SiO2 wall. Revealed recently in
neutron reflectometry experiments [3].
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Field-dependent macroscopic surface distortion.

αz, PSD channels
(68 ch/deg)

Fig. 4. Exit-angle (αz) intensity distribution obtained for FF7 during field
increasing-decreasing cycle at the incidence angle αi =0.12° (top) and
αi=1.80° (bottom). Specular beam changes its intensity, gets broader,
changes its position in space and even splits at higher fields in the case of
lower angle of incidence. Characteristic lateral size and slope angle of the
humps growing on the FF surface at different field values can be estimated. .
They start to grow already at H⊥<HC ! For example, at H⊥ =110 Oe the slope
makes an angle of 0.12° with the original sample surface plain.

Dlat=4.51 Å

600
400
200
16,0

16,5

17,0

17,5

18,0

18,5

19,0

19,5

20,0

20,5

in-plain angle α||, deg

Ordered surfactant layer on the very top of the
ferrofluid surface.
Fig. 7. High angular GID measurement for FF7 at zero field and αi=0.11° revealed
the only diffraction peak corresponding to the lateral periodicity of 4.51 Å. Most
likely, the origin of this peak is hexagonal ordering of the surfactant molecules in a
special layer on the top of the whole sample.
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Fig. 8. GISAXS intensity distributions obtained for
FF2 at zero field (left) and H⊥=63.7 Oe (right) at
αi=1°. At zero field we have found not only
scattering from independent particles (form factor)
but also diffraction rings indicating strong
correlations in the system. The correlation length
calculated from the distance between the rings is
found to be 52 Å, which is close to the particle
core diameter. When field (≈60 Oe or higher) was
applied, the diffraction features of the scattering
pattern disappeared demonstrating dissipation of
the ordering. However, after the field was switched
off the structure with the same periodicity was
recreated.
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Fig. 6. Reflectivity data obtained at different field values from FF2.
The experimental reflectivity R was multiplied by qz4 and
background corrected to give an access to the smallest details.
One can see that there is no field-induced microscopic changes of
the depth profile. The reflectivity degradation at low qz is related to
the mm-scale deformation of the surface (see Fig. 4).
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Bragg diffraction phenomena.

0,0

Stability of the layered structure in external
fields.

Particle layering on the top of the sample.
Fig. 5. Reflectivity obtained at zero field from FF2. Circles –
experimental data, black line – Fresnel reflectivity, blue and red lines –
fit results corresponding to the model profiles shown in the inset. The
main feature of the best fit models is the magnetite enriched layer
covered with a layer surfactant (see Fig.6). Electron density in the
“bulk”, i.e. at z>200 Å, is about two times higher than the value
calculated for the homogeneous sample.
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The aim of the experiment: to observe the field-dependent rearrangement of the
magnetic nano-particles in the top layer of the ferrofluid in subcritical fields H⊥<HC
by means of grazing incidence X-ray scattering
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Fig. 2. Bifurcation transition on ferrofluid surface in normal magnetic field.

Fig. 1. The samples.
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electron density

WHAT IS FERROFLUID
Ferrofluid
is
stable
colloid of magnetic nanoparticles in liquid carrier
[1,2].
Each
particle
comprises
a
single
magnetic domain and is
covered by a layer of soft
surface-active substance,
which prevents coagulation
of the particles.
On the macroscopic
scale ferrofluid behaves
like a homogeneous liquid
magnet, thus it can be
easily manipulated
by
external magnetic fields
without any mechanical
contact.
This
property
insures extremely wide
application
range
in
technological processes,
medical treatments etc.
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X-ray radiolysis

Soft Metallisation of organic layers
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2- Chemical Route

1- Aim

Irradiation (x-ray, γ-ray, …) of metal ions Aggregation of metal around
in acqueous solutions (Ag+, AuCl4-…)
organic molecular assembly
such as spherical micelles or
Water radiolysis induces
Langmuir Monolayers
formation of free radicals (Ag•)
Formation of nano-shells or
Aggregation of metal radicals leads
nano-metallisation of
to the formation of metal clusters
organic layers

> A new way to cover organic layers by metal layers.
> We use x-rays to obtain a radiolytic grafting of
metallic ions complexed-adsorbed around organic
molecular assembly.
> Applications: catalysis, nano-electronic, Non-linear
optics ...

3- Formation of ultra thin metallic films
x-ray Grazing Incidence radiolysis on Langmuir Monolayers
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Structure of the formed layer : Atomic Force Microscopy (AFM)
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Structure of the formed layer : “in-situ” x-ray Scattering
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Kinetics : GIXD and Grazing Incidence X-ray Fluorescence
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4- Metallic Nanoshells
Nano shells and Nanospheres: X-ray irradiation:
SAXS
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Formation of silver
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> A Versatile Method
Shape, chemical composition ...
> Formation of ultra thin organized metal
layers.
> Adjustement of the irradiation dose,
irradiated surface and volume.
> Various characterization method in real
time and in-situ.
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> Physical Properties
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Indirect Radiation Therapy of Cancer IRT with Target Nanoparticles
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Nano-therapy : target concentration and local enrichment

Indirect radiation therapy : secondary radiation products hit DNA

Fig.1: Indirect radiation therapy IRT inactivates tumor cells by secondary radiation products and free radicals after
specific absorption of synchrotron X-ray photons at the K-edge (PAT/PXT) or neutrons (NCT) at a target material.
Cancer in the EU:
– one of three
– one of five

people get cancer in the life
die by the disease, i.e. > 1 000 000 / year

Methods of cancer treatment : surgery, radiation therapy, chemotherapy
– decrease in effect by three for each level (50% , 20%, 5-10%).

Fig.2: Nanotherapy (B) improves the effect of molecular active substances (drug, target) twice:
~1,000,000 molecules are concentrated in nanoparticles, which are enriched at the tumor locally.

The power of radiation therapy can be extended by indirect radiation therapy IRT using
heavy metal targets with synchrotron X-ray and neutron radiation, as shown in figure 1 & 4-7.
The healing effect of indirect radiation therapy, cell inactivation by secondary radiation products
after specific beam absorption, is superimposed by unspecific radiation absorption elsewhere, which
may cause radiation damages. In our concept the ratio of healing to damage effects is improved
with magnetic target nanoparticles which are based on two principles (figure2, 3):
– concentration of about 1,000,000 target atoms in nanoparticles
– local enrichment of the nanoparticles by magnetic forces at the tumor site
We use two kinds of magnetic target nanoparticles, as shown in figure3:
i) magnetic target liposomes, which bear the water soluble target in the entrapped lumen, and
ii) double-shell poly-Ferrofluids, containing the target in a surface layer by partial iron-lanthanide
replacement. Our target nanoparticles are biocompatible. The heavy metal is applied as extremly stable
metal-DTPA complex (no metabolism; rhenal excremation; Gd-DTPA is usual in MRT imaging (2g) ).

Fig.3: Magnetic and target entities (T) for nanotherapy can be introduced in magnetic liposomes
(a-c: metal-lipd, entrapped core, double-shell liposomes), or in double-shell poly-Ferrofluids (d).

The target nanoparticles have for the medical application to fulfill eight critical demands:
1) The structure has to be smaller than 500 µm, because of embolic risks (blocking blood capillaries);
2) The particle shape has to be free of cell demaging edges;
3) The nanoparticle size has to be large enough to entrap a sufficient amount of target material;
4) The nanoparticles must contain biocompatible material only, or an excremation path has to exist;
5) The nanoparticles have to be cell- and tissue-compatible for in vivo applications.
6) The target concentration has to exceed a threshold limit for therapy success (metastasis risk);
7) Nanoparticles & superstructures need a high macrosopic magnetic moment for local enrichment;
8) The physical target properties (energy, cross section) have to yield a significant specific radiation
. absorption at an acceptable level of unspecific body absorption (water absorption, radiation demages)
Fig4.: Indirect radiation therapy IRT inactivates cancer cells by secondary radiation products of
short range upon specific absorption at the target. The tumor DNA is hit directly or indirectly.

Fig5.: Indirect radiation therapy with
target nanoparticles is an object of
european and institutional cooperations.

Parallel-serial feedback strategy : saves life by speed
level / step

parallel substeps

sequential

feedback

Sequence

1.1. target formulations, mixtures
1.2. nanoparticles (liposomes, Ferrofluids)
1.3. manipulation , dynamic properties

2. Cell experiments

2.1. bacteria (carrier, no endocytosis)
2.2. mammalian cells (endocytosis uptake)
2.3. tumor cells (endocytosis, altered)

3. Animal tests

3.1. Animal dummy experiments
3.2. small animals : rats
3.2. large animals : dogs, pigs

4. Human treatment

3 - 4 years

sublevel

1. Target nanoparticles,
application devices,
structure and dynamics

4.1. human dummy experiments
4.2. individual early therapy trials
4.3. therapy trials with different tumors
(4.4. clinical application) ... after 3-4 years

Fig7.: The parallel-serial strategy speeds up medical application on cost of effort (~ factor 2).

Fig6.: The photon absorption spectrum of Lutetium is the key for research and medical applications.
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NUCLEAR INELASTIC SCATTERING IN DENSIFIED AND HYPERQUENCHED
HYPERQUENCHED GLASSES
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2 Section

Nuclear Inelastic Scattering: a
technique to study Glass Dynamics.

High resolution
monochromator

Resonant sample

Storage ring
e

Undulator

We probe the dynamics of glassy phase measuring by
Nuclear Inelastic Scattering (NIS) [1] the Vibrational
Density Of States (VDOS).

Detector #2

VDOS

Incoherent signal

Vibrational Density Of State g(E)

NIS exploiting the low energy nuclear transition of, e. g.,
Fe57 isotope, it is able to collect the purely incoherent
signal emerging from the sample. Starting from the NIS
spectra it is possible to derive directly the vibrational
spectrum g(w) experienced from the Fe atoms present in
the glass.

-

Therodynamics
microscopic dynamics

g ( E) =
δ

Σ

Excess of low frequency modes in glasses
Boson Peak

How to detect the BP
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Crystal
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Glass
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Loss of structural order

A universal feature in the DOS characterizes the
disordered structure of amorphous phase: the Boson
Peak. (BP). The loss of structural order passing from a
crystal to a glass corresponds in the VDOS to a rise of low
frequency modes. The BP appears in the Reduced Density
Of States (RDOS) g(w)/w2 as an excess of vibrational
modes compared to the value expected for the
correspondent crystalline phase and predicted by the
Debye model.

dqδ ( E − hω j (q))

g(E)=S1(E)E(1-e-ßE)/ER

Iexp~fLM( (E)+S1(E)+ Sn(E))

A universal feature in the VDOS:
the BP.
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What is the nature of the BP?
Structural disorder of the glass2

VDOS in “densified” Na2Fe57Si3O8
“Densification” P= [0-10] GPa @ 0.7 Tg
Density increase up to 10%

Non equilibrium nature of the glass3

We probed by NIS
the two main theories

VDOS in hyperquenched (HQ) Na2O/Fe57O/CaO/SiO2
HQ: materials obtained by cooling a melt with a
rate up to 106 K/s
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X-ray diffraction data shows that the
Na2Fe57Si3O8 released at ambient conditions keep
the changes of structure induced by the pressure
(P=[0-10 GPa]) at high temperature T=0.7 Tg.
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The BP is associated to a phase
transition from minima to saddle
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Experiment
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Conclusions.
Measuring the VDOS in two “strong” systems we experimentally investigated the main
theories on the nature of the Boson Peak. We found a clear evolution of the BP as a function
of density and cooling rate with evidence of the correlation between its height and position.
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Target Nanoparticles for Cancer Therapy : Structure Investigation by
SAXS, SANS, ASAXS, DLS and Electron Microscopy
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Indirect radiation therapy with magnetic target nano-particles

Therapy of cancer and specific imaging can be extended by indirect radiation therapy IRT using
heavy metal targets with synchrotron X-ray radiation, as shown in figure 1, or neutrons (Gd).
In our concept the ratio of healing to radiation damage effects
magnetic target nanoparticles which are based on two principles (figures 1):

is

improved

with

– concentration of about 1000,000 target atoms in nanoparticles
– local enrichment of the nanoparticles by magnetic forces at the tumor site
We use two kinds of magnetic target nanoparticles shown in fig.2: i) magnetic target liposomes, which bear
the water soluble target in the entrapped lumen, and ii) double shell poly-Ferrofluids, containing the target
bound in a surface layer. Our target nanoparticles are biocompatible. The heavy metal is applied as stable
metal-DTPA complex, e.g. Lutetium-DTPA, Gd-DTPA (no metabolism; Gd-DTPA is usual in MRI (2g) ).

Fig.1: Nanotherapy improves the effect of molecular active substances (drug, target) twice:
~1,000,000 molecules are concentrated in nanoparticles, which are enriched at the tumor locally.

The magnetic target nanoparticles and their components were characterized by various methods, due to the
wide size distribution of the components (5 nm – 1 µm) and variing chemical composition and scattering:
- size distribution and structure of poly-Ferrofluids and magnetite cores were obtained by DLS, SAXS (ID1)
- structure and magnetic superstructure were characterized by electron microscopy and magnetic DLS
- magnetic moments of poly-Ferrofluids and γ-Fe2O3 cores were investigated with a magnetic balance
- structure dynamics of magnetic shell liposomes (fig.2c) and liposomes was studied by SANS at ILL-D22
- magnetic liposomes with metal targets were analyzed by ASAXS at the L-edge of absorption at ESRF-ID1
- medical applications and imaging were done at the K-edge of absoption (50-80 keV) at ESRF-ID17

Fig.2: Magnetic and target entities (T) for nanotherapy can be introduced in magnetic liposomes
(a-c: metal-lipd, entrapped core, double-shell liposomes), or in double-shell poly-Ferrofluids (d).

Fig.3,4: Lanthanide-DTPA
complexes are biocompatible
targets for radiation therapy and
imaging with synchrotron X-rays,
neutrons, photobiology or MRI.
Photon Activation Therapy PAT
generates free electrons upon
K-edge X-ray photon absorption.

TR-SANS time-resolved neutron scattering of magnetic liposomes
TR-SANS setup :
observation of
ioron-shell deposition

Fig.5: Non-stained electron micrographs of magnetic nanoparticles (metal images) : magnetic
liposomes (a-c: metal-lipd, entrapped core, double-shell liposomes), disk-shaped poly-Ferrofluids (d).

double shell after 1 h (4.81, 5.94 nm)

The structure of target nanoparticles have for the medical application to fulfill critical demands:

In the second step of the double pH-jump (9-11)
the iron-layer inside magnetic shell-liposomes
with entrapped target is formed during 300 s.

1) The structure has to be smaller than 500 nm, because of embolic risks (blocking blood capillaries);
2) The particle shape has to be free of cell demaging edges;
3) The particle entrapped target volume & concentration has to be sufficient for radiation therapy;

Fig.6-8: TR-SANS of magnetic shell-liposomes (fig.2c, 5c) during precipitation
of the γ-Fe2O3 -layer (ILL-D22): A double pH-jump yields stable nanoparticles

SAXS – ASAXS - XAS of magnetic target liposomes & poly- Ferrofluids

Fig.9: Thin layer cell for ASAXS
of fluids at ESRF-ID1 (adjustable
flat layer of 0.05 – 10 mm path)

Fig.10: XAS of magnetic shell
liposomes with entrapped
Gd-target (fig2c, 5c) during
ASAXS at ESRF-ID1 (MD118)

Metallo-liposomes containing a metal lipid (DTPA-DMPE + Eu, Tb, Gd) shown in fig2a, 5a, as
studied by EM and ASAXS at ESRF-ID1 (LS1554, 1718, 1843), were homogenous spheres (45 nm)
but contained only 0.4 mM target metal bound outside (liposome post sonication lanthanide-loading).
The double layer magnetic liposmes containing an inner magnetite/ maghemite and an outer lipid
layer [1] were investigated by time resolved neutron scattering TR-SANS at ILL-D22 during
preparation (γ-Fe2O3-deposition), as shown in fig.6-8. Optimized liposomes of 250 nm size were target
loaded [3] with Boron-diol esters for neutron capture therapy (B-NCT), and Gd-DTPA (Gd-NCT).
Poly-Ferrofluids for chemo- and radiation-therapy of cancer (fig.2d, 5d) and Magnetite cores for
entrapping in magnetic liposomnes (fig.2c, 5c) were studied by unstained and magnetic electron
microscopy, dynamic light scattering (M-DLS), SANS (ILL-D22) and (A)SAXS (ESRF-ID1: MD118).
The commercial shell poly-Ferrofluids obtained by limited etching were disk-shaped (h=15 nm; d=50100 nm) and consisted of dense iron oxide spheres embeded in disks of lower density. Material from
double synthesis contained 3% Hafnium in the outer shell (ASAXS + XAS; analysis by L-edge shift).

Fig.11: XAS of Gd-target during
ASAXS of liposomes (ESRF-ID1)

Magnetic superstructure during therapy conditions : M-DLS & M-EM

Reversible formation of a magnetic superstructure from poly-Ferrofluids was observed at conditions
equivalent to medical treatment by magnetic DLS and magnetic EM;. The dynamics has to be studied
by time resolved methods, because the effect is important for the medial application, blood interaction.
Magnetic target liposomes containing magnetite cores (fig.2c, 5c) where analylized at the absorption
L-edge in structure and target distribution by ASAXS at ESRF-ID1 (MD118) after loading with
water soluble heavy metal targets (Gd-DTPA, Tm-DTPA, Lu-DTPA, Hf-DTPA, cis-Platinun).
Prior to the ASAXS experiments the excess target outside of the liposomes was freshly removed by gel
filtration chromatogrphy at the beamline (Sephadex G25m). Thus the L-edge (white line) XAS analysis
yielded the entrapped target content, the ASAXS the target localization; both required for medical
application (at K-edge). With magnetic Gd-liposomes the iron and gadolinium edges were observed in
parallel. Target reference solutions (0.7-2 M) had to be diluted because of the very low transmission at
the L-edge („black“; white lines). With the Lanthanide-DTPA‘s in citrate, pH7.5 no interference with
liposome structure up to 0.7 M was observed. By energy (transmission) Lutetium-DTPA was optimal.
ASAXS and time-resolved scattering are required for medically shure target nanoparticles

Fig.12: Magnetic electron microscopy (M-EM) of
a poly-Ferrofluid at 15 mT (prep. in M-DLS setup)
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Fig.13: M-DLS setup :
170° scattering, 633 nm
HeNe-Laser, air-coil
(10 A, 15 mT at 20 mm
Fig.14: Magnetic dynamic light scattering M-DLS of a shell poly-Ferrofluid at 15 mT indicates the
reversible formation of a µm-sized magnetic superstructure, which is the structure persent during therapy.
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Concept – What is Thermal Differential Fine Structure?
Thermal Differential Fine Structure Function
Taking a first order Taylor expansion of the x-ray fine structure function χ with respect to temperature yields the
following expression. Two temperature-dependent terms are observed; one for thermal disorder, and one for thermal
expansion.

dχ
=
dT
χ
T
k
sj 2

∑ −2k

σ 2j χ j ( k , T )

2

d σ 2j

j

dT

EXAFS fine structure function
Temperature of the sample
Photoelectron wavevector
(k2 is proportional to energy)
Debye-Waller factor for thermal disorder

+ α s j kA ( k ) e
α
sj
A
φ

− 2 σ 2j k 2

cos ( s j k + φ )

Linear thermal expansion coefficient
Length of scattering path j
Fine structure amplitude term
Fine structure phase term

Sum over j over contributions from all scattering paths.

Key Features

Fig 1: Theoretical Differential EXAFS signal for SrF2, showing the
expected signal along with its individual disorder and expansion
components.

•
•
•
•

The Differential signal contains both a Thermal Expansion and Thermal Disorder term.
Thermal Disorder contributions are in phase with the original EXAFS signal.
Thermal Expansion contributions are in quadrature with the original EXAFS signal.
Both terms increase with x-ray energy, with thermal disorder eventually dominating.

Thermal Expansion – Measurements of small atomic displacements
Fig 2: A Schematic representation
of the gas jet apparatus. Each
heatsink temperature is set via a
Peltier effect heater, with the
valve determining which jet heats
the sample.

Fig 3: The actual gas jet mounted on
ID24.
a) beam in,
b) thermopile with sample,
c) gas jets behind here,
d) heaters and sensors,
e) heatsink.

Fig 4: Differential EXAFS for (a) powdered SrF2 and (b) polycrystalline Fe. The upper set in
each figure is for ∆T = 1.5±0.3K, and the lower set for ∆T = 6.5±0.3K. The uppermost line is the
original EXAFS. A quadrature component is visible in each difference signal indicating the
detection of thermal expansion.

Fig 5: Experimental DiffEXAFS for SrF2, with
an ab initio theory fit for the 38 most significant
scattering paths, giving α = 1.9 ± 0.5 x10-5 K-1,
(published value 1.8x10-5K-1 Alterovitz &
Gerlich, Phys Rev B 6 (1970) 2718-2723)

Phase Transitions In Ni2MnGa – Evidence of Phonon Softening
High T Austenite Phase
50

Fig 6: Differential EXAFS measured across the
Martensitic transition in Ni2MnGa. The graph on the
right shows the low temperature Martensite phase,
where the signal amplitude can clearly be seen to
increase as the transition temperature is
approached. The graph on the left shows the high
temperature Austenite phase, which has an
altogether different structure to the Martensite
phase. As the temperature is increased beyond the
transition, signal amplitude again decreases, with
some structural evolution occurring.

Increasing temperature

Increasing temperature

65

50

Low T Martensite Phase

Energy

20

Energy

Crystal field excitations in MnO measured with RIXS
(Resonant Inelastic X-Ray Scattering)
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Motivation
Electronic excitations due to the crystal field are traditionally measured with optical spectroscopy or Electron Energy Loss Spectroscopy. High resolution RIXS at the L3 edge of
3d transition metals can be an important alternative to tried techniques. MnO is a paradigmatic compound that can be used to evaluate the power of RIXS.

The experiment

MnO

The spectra were measured with the high resolution spectrometer AXES and the
dedicated soft x-ray monochromator PoLIFEMo,
made in Milano, property of INFM, installed
on ID08 at the European Synchrotron
Radiation Facility in Grenoble.
Its combined resolving power is high:
more than 1500 for all the heavy 3d transition
metals. RIXS spectra were taken with an incident
photon energy near L3 edge (640 eV for Mn). At this energy,
the full width at half maximum of the elastic peak is smaller than 320 meV.
The sample was a single crystal,measured at room temperature.
There were 70° between incident and emitted beam, the emission
V
was normal to minimize self-absorption effects.
The polarization could be normal (Vertical) or parallel (Horizontal) to the
scattering plane.

MnO, example of transition metal oxide,
has octahedral structure.
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It’s antiferromagnetic below the Néel temperature (122 K).
The fundamental configuration for Mn2+ is 2p63d5.

dd excitations
Energy

MnO has 3d electrons over the completed shell.
The crystal field of the ligands causes an increase of energy of these states proportional
to the repulsion due to the electrons of the central atom.
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The five 3d states, degenerate in a free atom, are split.
The direct transition from a 3d state to another is called dd excitation. dd excitations
have local character.

We have measured low energy excitations for MnO1.
The measurements present many features.
With the single impurity Anderson model, which considers also the interaction between
the Mn ion and the continuum of the crystal, we reproduced dd1,2,3 and charge transfer1,2,3
excitations (in which an electron is transferred from the ligand O2- to the Mn2+ ion).
With a code based on the Cowan’s atomic model2 corrected to consider the crystal field we
can reproduce peak positions, intensity and polarization of the structures due to dd
excitations.
1 G.Ghiringhelli,

M.Matsubara, C.Dallera, F.Fracassi, A.Tagliaferri, N.B.Brookes, A.Kotani, L.Braicovich, Phys. Rev. B 73, 035111 (2006)
D. Cowan, ‘The theory of atomic structure and spectra’ (University of California Press, Berkeley, 1981)
3 R. Butorin et al., Phys Rev. B 54, 4405 (1996)
2 R.

Comparison between our
and previous measurements

RIXS (Resonant Inelastic X-Ray Scattering) technique consists in exciting resonantly a
core electron to the threshold region by an incident photon. The created hole is then
neutralized by a valence electron, with the emission of an x-ray photon. This technique
is bulk sensitive. Direct electric
dipole transitions between 3d
states (dd excitations) are
forbidden by selection rules.
With the RIXS technique there
are two dipole transitions
involved, so dd excitations In our case: 2p
3d
2p
are observable.
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dd excitations can be measured also with optical absorption
but with low intensity: they are forbidden by selection rules.
It is also difficult to interpret the peak intensities.
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Conclusions
With RIXS technique we observed dd excitations. RIXS results can be directly compared to optical spectroscopy results. With RIXS, dd excitations are not forbidden and
it’s easier to calculate the spectral intensity because the process can be explained by a simpler model.
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Fig.1: Photon activation therapy PAT (PXT) inactivates cancer cells by secondary radiation
products after specific absorption of synchrotron X-ray photons at the K-edge of the target material.

Therapy of cancer and specific imaging can be extended by indirect radiation therapy IRT using
heavy metal targets with synchrotron X-ray radiation, as shown in figure 1, or neutrons (Gd).
In our concept the ratio of healing to radiation damage effects
magnetic target nanoparticles which are based on two principles (figures 2):

is

improved

with

– concentration of about 1000,000 target atoms in nanoparticles
– local enrichment of the nanoparticles by magnetic forces at the tumor site
We use magnetic target nanoparticles: magnetic target liposomes, which bear the water soluble target
in the entrapped lumen, and double shell poly-Ferrofluids, containing the target in a surface layer. Our
target nanoparticles are biocompatible. The heavy metal is applied as extremly stable metal-DTPA
complex, e.g. Lutetium-DTPA (fig.3, no metabolism; Gd-DTPA is usual in MRI imaging (2g) ).

Fig.2: Nanotherapy improves the effect of molecular active substances (drug, target) twice:
~1000,000 molecules are concentrated in nanoparticles, which are enriched at the tumor locally.

The healing effect of indirect radiation therapy, cell inactivation by secondary radiation products after
specific beam absorption by the target metal, is superimposed by unspecific radiation absorption
elsewhere, which may cause radiation damages. A therapy quality factor RTB can be defined, which is
given by the relation of the radiation absorption contributions of therapeutic target (T, specific) and body
(B, unspecific), and the corresponding doses D and qualitiy factors Q (Equ.1) [1]. The dosis can be
precisely estimated and predicted by transmission measurements under therapy conditions, i.e. above and
below the absotion K-edge (contrast imaging, tomography). This leads us to a therapeutic imaging
postulate, at least for adjuvant therapy, which tries to abolish cancer completely.

Postulate :

Relative therapy effect

RTB = DT * QT / DB * QB

(equ.1 )

An effective (adjuvant) cancer therapy target should be visible by in vivo contrast imaging (therapeutic imaging)

Fig.3: Magnetic and target entities (T) for nanotherapy can be introduced in magnetic liposomes
(a), or in double-shell poly-Ferrofluids (b). The Lanthanide-DTPA complexes are biocompatible.

Target materials and properties

Absorption - dosis calculation : human head with a brain tumor

Fig.6: Dose-transmission calculation for a human head (12 cm) with a brain tumor (1cm) and Lutetium-target.

Therapeutic imaging test : dummy experiment with a rat sculp + water

Fig.4,5: The stable
Lanthanide-DTPA
complexes are suitable
to IRT and therapeutic
imaging due to their
biocompatibility and
high solubility. The best
suitable is Lutetium;
EK = 63 keV; tissue half
absorption path = 6 cm
The comparison of possible target materials in table1 indicates three important properties:
biocompatibility (non toxic), high target solubiluty and suitable K-energy range, which leads to
a sufficient half-path absorption length d1/2 in body. Thus trials with Iodine and Pt were interupted. The best suitable is Lutetium, the rarest of the rare earth elements (fig.4-5, Lu-DTPA, citrate).

K-edge
difference
imaging

target-cup with

LuDTPA

20 µl LuDTPA,
0.25 M = 0.88 mg

Fig.7,8: A rat head with a brain tumor and Lutetium-target (4 mm) was simulated by a water-rat-sculp dummy.
The phase-contrast projection image yielded the detection limit and indicated the suitable therapy image conditions.

Therapeutic imaging : first in vivo treatment (rat under anestesia)

- After target-irradiation and biocompatibility cell tests with living bacteria (Micrococcus luteus)
and rat 9L-tumor cells (not shown), we were successful in therapeutic imaging and treatment:
-Model calculations (fig.6) indicated, that only highly concentrated targets of high Z fullfil
the therapeutic imaging postulate. The heaviest element is Lutetium-DTPA (biocompatible)
- Dummy tests with a water-rat-sculp target system (fig.7,8) yielded the phase contrast detection
limit of 10 µl solution of 25 mM LuDTPA, and were the pre-requisite for the in vivo experiments
- The first in vivo treatment and therapeutic imaging with a rat (under anestesia) was successful.
The animal survived the extended tomography experiment after application of 0.44 mg LuDTPA

We are ready for animal tests for tumor treatment now !
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Fig.9: A rat was subjected to therapeutic imaging after intracranial injection of 10 µl Lutetium-target (0.44 mg)
during anestesia. The animal survived during subsequent tomography experiments (pharmaco - kinetics ; 4.5 h).
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Introduction
Gas filled multi-channel proportional counters are ideally
suited for cutting-edge dynamic applications that require event
counting and position sensitivity. This type of detectors is
superior in time-resolving experiments where low dark noise
and microseconds resolution are essential, eg. SAXS/WAXS
for investigating polymer formation and XRD for kinetic
mineral crystal growth.

Charge sharing for spatial/angular
interpolation in RAPID2

Gas MicroStrip Detectors (GMSD’s) have excellent geometric
characteristics. Fine pitch micro-patterns are formed by
lithography to high precision. The glass substrate provides
highly desired uniform surface flatness. These detectors are
filled with heavy gases for counting x-ray photons and filled
with He3 gas for counting neutrons. The proto-type 1-D tiled
design is made of two keystone glass plates. Each plate has 128
detector channels covering 15 degrees. The design of a 2-D
hybrid multi-wired GMSD is underway.
RAPID2 Readout is originally designed for multi-wire
proportional counters (MWPC’s) covering 1-D and 2-D usage.
It employs an interpolation process that can enhance the
inherent spatial/angular resolution defined by the geometric
anode pitch on the GMSD. The readout algorithm collects
comprehensive information on each photon interaction and thus
makes an excellent diagnostic tool on detector response. It also
employs a resistive network for reducing capital costs and
reducing heat load.

Applied To GMSD

RAPID2 Performance
RAPID2 consists of novel digital signal processing, ultra-fast
sampling and parallel electronics technology successfully
developed at Daresbury Laboratory. Its ultra-high performance
gives outstanding overall count rate capability.
1-D: over 40 million events/s
2-D: 15 million events/s

Tests with x-rays on the 1-D keystone design are conducted
using 16 channels of RAPID2 electronics.

RAPID2 Data from SPRing-8
The most up-to-date RAPID2 reference data on interpolation
and spatial resolution are conducted on the 2-D MicroGap
MWPC delivered to SPRing-8, Japan in 2005.

Tiled 1-D GMSD with drift cathode plate removed to
expose interleaving anode and cathode metal tracks.

Interpolation Results

Excellent results were obtained on the MWPC. Below are a
selection of data taken during the detector installation on
BL40B2.

The same test mask is used. Good results are obtained.
Discrepancies described below are consistent with the geometric
magnification from the diverging copper anode x-ray source.
GMSD xsetextn.phd27

xsetextn.phd27
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Measurements on a 2 mm pitch mask with
200µm holes produced:
Spatial resolution= 300 µ m FWHM
Integral non-linearity= +/- 0.5 pixel of 2048
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Pulse height

●

The corresponding pulse height distribution indicates that the
dominant detector channels are ch3, ch9 and ch14 with
subsidiary channels ch4, ch8 and ch13 respectively. These
subsidiaries are responsible for altering the position peak
symmetry.

1000

Y Position pixel (0..1023)

Peak Position in Pixels (0..2047)

200

Measured FWHM peak width of 325µm (13 pixels) is slightly
larger but is in good agreement with the figure obtained for the
MWPC data.
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interpolation divides each of the 16 detector channels by
16-fold to give a total of 256 pixels (6.4mm). Three pinholes
are observed at pixel values of 52, 138 and 223 thus their
separation are slightly larger than expected 80 pixels (2mm).
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Differential Non-linearity Tests
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Measurements on flood images produced
differential normalised linearity:
X : 3.3% RMS
Y : 3.0% RMS

Further Work on GMSD
We aim to incorporate the RAPID2 readout to a hybrid 2-D multi-wired GMSD in
which the anode wire plane forms one axis and the GMSD glass plate forms the second
orthogonal axis. The design of this detector is under way.

Dr. Kan-Cheung Cheung
CLRC Instrumentation Department
Detector Group
Daresbury Laboratory
Warrington, Cheshire, WA4 4AD, UK
Email: k.c.cheung@dl.ac.uk
Tel: 01925 603884
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Fabrication of Silicon NFLs

Focus Characteristics
Horizontal and vertical beam profiles determined by knife-edge scans[1]

Step 1: Prepare silicon wafer by wet oxidization and deposition Step 2: E-beam lithography and development
of chromium as well
as an e-beam resist
E-beam resist (300nm)
SiO2 (300nm)
Silicon (545µm)

Step 4: Deep reactive ion etching of Si

Step 3: Wet etching of chromium/Dry etching of SiO2

1400
1200
1000

(a)

(b)

100µm

500µm

(a) A total of 60 blocks of lenses are structured into a 4"
silicon wafer. Each row contains nanofocusing
lenses made up of 35, 50, 71, 100, and 142 single
lenses, respectively.
(b) SEM micrograph of one block. Each block holds 21
lenses with different radii of curvature ranging from
1.0µm to 5.0µm in steps of 0.2µm.
(c) SEM micrograph of part of a block. An individual
bar code-like pattern of trenches is structured into
the wafer in between the lenses to ease the process
of alignment.
(d) Using a high resolution x-ray camera one is able to
select and align the desired lens. Note that the red
square corresponds to the one in (c).

(d)

Alignment trenches

NFLs

600
400
200

high resolution
x-ray camera

precise sample mount
PI "nanocube"

-100
0
100
horiz. position [nm]

200

Bv = 55nm ± 8nm

1000
500
0
-300

300

-200

-100
0
100
200
vertical position [nm]

Lens Properties
Number of lenses
Radius of curvature
Focal length

Horizontal
100
2.0µm
10.7mm

Vertical
71
2.86µm
19.4mm

Focus Characteristics
Demagnification
Beam size (FWHM)
Theoretical value
Diffraction limit
Depth of focus

Horizontal
4400

Vertical
2400

47nm ± 9nm

55nm ± 8nm

43nm
32nm
41µm

51nm
45nm
89µm

300

Applications
Microdiffraction
Scanning Electron Micgrograph of a
trench pattern structured into a 4"
silicon wafer (side view). This
demonstrates that the side walls are
smooth and straight.

Experimental setup: The
x-ray beam (yellow
guard
dashed line) is focused in
aperture
two directions by crossed
nanofocusing lenses. The
guard aperture protects
the sample from stray
sample
vertically
focusing lens radiation. The horizontal
lens is fixed to the setup
and can be aligned using
the hexapod table on
which the whole experiment is set up. The vertical lens is then adjusted using a piezo-motor
driven (picomotor) stage. The sample is mounted on a highly precise
piezo stage (nanocube) and can be scanned through the beam. A
SiLi-detector records the fluorescence light from the sample.
horizontally
focusing lens

fluo
dete rescen
ctor ce

-200

1500

Focal photon flux at a storage ring current of 200mA: 1.7 · 108 ph/s

Experimental Setup
picomotors for the alignment
of the vertical lens

Bh = 47nm ± 9nm

800

0
-300

(c)

(b)

1600

fluorescence intensity [a. u.]

Chromium (30nm)

(a)

fluorescence intensity [a. u.]

RHEINISCHWESTFÄLISCHE
TECHNISCHE
HOCHSCHULE
AACHEN

Two planar nanofocusing lenses set up behind each other in a crossed
geometry produce a point focus at the sample position
Distance from the low-β in-vacuum undulator source at ID13: L1 = 47m
Energy E = 21keV, defined by a Si(111) double crystal monochromator
Effective source size (FWHM): 125µm (horizontally) by 60µm (vertically)
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[1] Appl.Phys.Lett. 87, 124103 (2005), see also ESRF Highlights 2005
[2] Friedich et al. Thin Solid Films, 389, 239 (2001)
[3] Results obtained in collaboration with C. Steimer and H. Dieker, I. Physikalisches Institut, RWTH Aachen
[4] L2036H18 from NASA Cosmic Dust Catalog 15, http://www-curator.jsc.nasa.gov/dust/cdcat15/L2036H18.PDF
[5] Phys.Rev.Lett. 94, 054802 (2005)
This work is supported by the German Ministry of Education and Research (BMBF) under grant number 05KD4PA1/9.

Please find more information on http://www.xray-lens.de

(a)

Ge2Sb2Te5 is commonly used for
rewritable optic media such as DVDRWs. The amorphous material is molten
locally to produce polycrystalline bits
with changed reflectivity in the visible
range. A crystalline bit was scanned
with an x-ray beam of 100x100nm2 size,
illuminating a mere 107 atoms.
Therefore, only very few crystallites
fulfilled the Bragg condition and
appeared in the diffraction pattern.[2]
SEM image of dust particle

S Kα

Ca Kα

3.5%

10µm

Cr Kα

3.0%

Ni Kα

Cu Kα

6.8%

5.1%

1.7%

100%

Zn Kα

1.3%

TEM image of a laser induced
polycrystalline spot. It consists
of three distinct zones with characteristic grain sizes[3], cf. (b)

Microtomography

Fe Kα

Mn Kα

(b)

1.0%

Scanning electron microscopy
(SEM) image (upper left) and
fluorescence microtomograms
of a cosmic dust particle[4]. In
the lower right corner of each
tomogram, the fluorescence
intensity relative to that of
iron is given for the most
intesive pixels.
0%

relative intensity

100%

Diffraction patterns from different sample positions. The
patterns from Zone III (points 3, 4) show less intense
reflexes, indicating smaller crystallites in this area.

Further Applications
Besides diffraction methods and fluorescence
analysis, possible applications include absorption
spectroscopy as well as other techniques relying on
scanning a micro-beam at high spatial resolutions.

Outlook
Improvements in the upcoming experiment:
Completely redesigned setup features improved
stability and facilitates lens alignment
Setup stabilized by active damping table
Vibration monitoring using laser interferometry
and seismic piezo sensors
Eventually, Adiabatically Focusing Lenses (AFLs) [5]
are expected to focus x rays to below 10nm. The
fabrication of AFLs is currently being developed.
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Coherent X-ray Diffraction Imaging
Experiment on ID01 at ESRF
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Motivation

Iterative Phase Retrieval

Coherent X-ray diffraction on non-periodic, micro- or nanosized objects is supposed to be a suitable method to
determine the electron density distribution of a material down
to a resolution only limited by diffraction.

The figure below shows a schematic drawing of the iterative
procedure. Regularly switching between the error reduction- and
HIO-constraints helps to avoid a stagnation of the algorithm.
FFT

object guess

A coherent diffraction experiment was carried out at beamline
ID01 (ESRF)(1). As a result of partial coherence and slit
scattering the reconstruction of the measured diffraction
images turned out to be difficult. Furthermore, the diffraction
image is recorded in the forward scattering geometry
requiring a beamstop that leads to a loss of information in
the central part of the image. The main goal of our current
work is the phase retrieval from diffraction images with an
incomplete data set.

G k =∣G  k ∣⋅e

g x

Replace the modulus of the
Fourier transform with that
of the measured data F(k).
MHIO: Set amplitude of
central pixel taking into
account the mean deviation
of calculated and measured
data.

Apply alternately
the error-reduction
or HIO-constraints.

FFT-1

new guess

i

G ' k =∣F  k ∣⋅e

g '  x

i

Experiment
Results

The optical setup at ID01 had the following geometry:

A preliminary result is shown in the following four images.
Figure (1) shows a flat- and background corrected image of the
experimental data.
(1)

(3)

(2)

(4)

Diffraction patterns of an €-symbol of gold with a size
of 5µm, photon energy of 7keV.
The simulation in the left figure is based on a perfect
coherent illumination.

Simulation

Experiment

qmax = 6.3x10-2 nm-1

qmax = 6.3x10-2 nm-1

A comparison between the simulated and experimental
patterns shown above reveals clearly the presence of partial
coherent illumination expressed by a much lower visibility of
interference fringes. This partial coherence effect can be
modeled theoretically by convolution of the diffraction pattern
with a Gaussian function of approximately three pixels FWHM.

qmax = 4.3x10-2 nm-1

experimental data

The hybrid-input-output algorithm (HIO) is a widely used
method to recover the phase(2). Nevertheless the direct
application of this method has not worked out in our case
which is due to the lack of information in the central part. The
HIO-algorithm tends to overestimate the intensity in that
area.
Our experimental data have been analyzed with a modified
(3)
HIO algorithm (MHIO) using a tight support but without
introducing supplementary information in the central area of
the diffraction image. The influence of partial coherence is
taken into account by using a deconvolution-routine to
correct partially the experimental diffraction pattern.

reconstructed image

diffraction pattern of (2)

SEM-image

Different aspects shall be pointed out:
➢
Various parts of the sample are well
reconstructed and sharp variations are
visible. Compare image (2) with the
SEM image given in image (4) as well
as the line profile through a lower ring
segment of the sample indicated by a
dotted line in figure (2).
➢
The spatial resolution in the reconstructed image can be determined
from the line profile and has a value of approximately 150nm.
➢
The global shape corresponding to low spatial frequencies is not
perfectly defined.
➢
The appearance of hot spots is most probably due to a strong
contribution of the partially coherent illumination(4).

The smallest beamstop that we used in this experiment had a
diameter of 1mm which covers more than three interference
fringes in the center.

Data Analysis

qmax = 4.3x10-2 nm-1

1µm

Summary
This result shows that the MHIO-algorithm can be applied also in
circumstances where a substantial amount of data in the central part
of the diffraction image is lost due to the beamstop. Furthermore, it
is worth to emphasize that a deconvolution of the experimental data
can essentially help to overcome difficulties related to partial
coherent illumination.
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Detectors & material sciences scattering

XPAD2 detector : 8 modules × 8chips

On BM2/ESRF beamlines in 2004
Very demanding experiments use slits
and photomultipliers to reach the required quality.

Imaging : → X-ray microscopy, X-ray topography, X-ray radiography
Spectroscopy : chemical composition (XAS), short order range (EXAFS)
Scattering by beam → I(Q) ∝ F 2(ρ)e)

In structural works, CCD cameras with indirect photon detection are commonly used.

Designed according D2AM-CRG/ESRF detector requirements (dynamic range
> 109 count/pixel, saturation rate > 107 ν/s/pixel, energy range 5 → 25 keV )
XPAD1 : Boudet et al., NIM A510 (2003) 41-44,

Intensity range in scattering experiments
1 → 104
1 → 106
1 → 109

13b
20b
30b

mean structure
ordering
SAXS

Diode array
PCB card : drivers, regulators.
Modules
acquisition card (ethernet)
Tiled as close as possible → reduce shading
Size : 200 × 192 pixels Surface ≈ 68 × 68mm2.

chemistry (biocrystallography)
correlation, incomensurate
µm objects interaction, polymers
Diffuse scattering in icosaedral
quasi-crystals : 7 orders of magnitude
are necessary to measure this signal.
Dynamic extended by filters, time consuming mapping

• Synchrotron → current flux on sample : 1011 − 1014 ν/s
• Spot size at sample or detector position : 1 × 5 → 0.05 × 0.10 mm2
• Counting rate : 109ν/s within 10−2mm2
• Resolution : angular 10−3 o → 100 µm at 0.5 m ≈ 0.01 o

Complex shape of the diffusion
around Bragg peak obtained by
adding 10 (1000) frames.
Out of peak to avoid blooming
effects

Data from M. de Boissieu, see Phil. Mag. Let. (2001) 81, 273-283 and (2003) 83, 1-29

2

Reconstructed Debye-Scherrer film

3

Refinement of powder data set.

• Diffraction along cones
• 60o collected at high resolution
• angular apperture 4o at 1m

4

Kinetics of quench studied by diffraction

Rietveld method :
Rwp=8.8%
Rexp=4.1%
Rbragg =4.4%

Atomic parameters same as conventional
Whole experiment time → 1/20.
Data
recorded in 1/200 time will lead to very similar results but extracting procedure needs improvments.

RX

XPAD2 detector mounted on
D2AM goniometer arm
• Complex pattern of a Zeolite
• Data redondancy with 2D detector

Data collection is
limited by the cell
aperture, designed
for a linear detector

Data quality allows to evidence anomalous effect associated with 1%Rb ions
and to use it in refinement procedures.
5

Ferroelectric superlattice

The reciprocal maps are recorded scanning the XPAD detector and rebuilt
from the collected reciprocal slices. Compared to standard data collection the
time can be reduced by 100. Intensity on substrate peak can reach 109ν/s !
F. Lemarrec, E. Dooryhee and coll., IUCr (2005) Florence, Italy

The quench of Al2xCay O3x+y ceramics can lead to vitrous or crystalline oxides.
The transition between the liquid state and the cristalline one occurs in less
than 20ms and may exhibit some transient phases.
7

from XPAD2 to XPAD3
• A new XPAD3 using 0.25 µm technology with 25 µm bumps

polarization
pixel size
chip size
counting rate
energy range
pixels/chip
pixels/module
pixels/detector
geometries

Small animal tomography : few frames
(18/72) from a mouse rotated in laboratory
Xray beam and the 3D reconstruction of the
bones by tomography. Note that all chips
have been repaired and no more defects can
be evidenced.

XPAD2
both
330 µm
8 × 10 mm2
2.106ph/s
(5) 15 → 25keV
24 × 25 = 600
8 × 600 ≈ 5.103
≈ 4.104
8 × 8 or 2 × 5

XPAD3
e+
130 µm
10 × 15 mm2
2.105ph/s
7 → 25keV
80 × 120 ≈ 1.104
≈ 1.105
≈ 5.105
7 × 8 and ?

comments
2 chips : Si, CdTe
→ reduce tiling
similar by surface unit
analog chain modified

Chip design has been carried out, submitted for process in fall 2005, a prototype is expected for spring 2006.

project in collaboration with R. Khouri, C. Morel, F. Peyrin, D. Sappey-Marinier, S. Valton...

8

3d view of 80ms
radial distribution
around crystallisation

• Obsolescence of the AMS-CMOS 0.8 µm technology used for XPAD2

• The detector build in winter 2004 has
some defects and few chips were damaged by some experiments.
• A new one was assembled using spare
chips and best remaining modules. It
was mainly used for the small tomography project.

In plane : 2 PTO domains tetragonal distortion

• chips register 16bits
+ overflow
• on-board memories 32 bits
• exposure time : 1ms → 8300s
• dead time for reading :
– whole image 2ms
– overflow 16µs each 10ms
• on-board storage :
– 423 images < 10ms
– 233 images >= 10ms

6

A new detector using last XPAD2 chips.

27 (17 PbTiO3,17 BaTiO3) superlattice / MgO :
large lattice mismatch → in-plane polarization → tetragonal distortion.
Physical behaviour of such compounds is primarily dependent on their epitaxial crystalline
quality, their composition and their structural perfection.

Out of plane : strain / chemical

Berar et al., J. Appl. Cryst. 35 (2002) 471-476

Chip of 24 × 25 pixel of 330 × 330µm2, AMS CMOS 0.8 µm,
Diodes of 500µm Si thick → efficiency 78 % @15keV, 21% @25keV

9
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Troïka Beamline ID10A: Coherent Photons for XPCS
Studies of Dynamics in Condensed Matter
http://www.esrf.fr/UsersAndScience/Experiments/SCMatter/ID10A

Scientists: A. Madsen, A. Moussaïd, A. Robert
BLOM: F. Zontone
Engineer: M. Mattenet

Post docs: Y. Chushkin, A. Fluerasu
PhD Student: C. Caronna
Technicians: P. Feder and H. Gleyzolle

ID10A is a high-brilliance undulator beamline specialized in scattering experiments coherent X-ray beams. The TROIKA I station operates from 7 to 13keV and is optimized for X-ray Photon Correlation
Spectroscopy (XPCS) with 0D and 2D detectors in WAXS and GISAXS geometries. The Troika III end-station uses the transmitted beam from ID10A and is optimized for small angle scattering experiments with
coherent X-rays and XPCS. The energy range is 7-21keV and the bandwidth can be varied from 10-4 (Si(111) channel-cut mono) to 10-2 by sending the full undulator line into the experimental hutch with a double
reflecting mirror. In this case the coherent intensity exceeds 1011 ph/sec.

Non-equilibrium dynamics by XPCS:
Ordering Kinetics in a Cu-Pd Alloy

X-ray Photon Correlation Spectroscopy (XPCS)
XPCS measures the dynamics of density
fluctuations, of wavelength 2π/Q, by
evaluating the temporal auto-correlation
function of the scattered intensity

Disordered systems illuminated with coherent light give
rise to random diffraction (speckle) patterns. A speckle
pattern is related to the exact spatial arrangement of
disorder
speckle

IXS

Brillouin

Spin-Echo
NFS

PCS

g

(Q,τ )

x 10

3

g ( 2 ) (Q,τ ) =
(2 )

4

3.5

I(Q,t)

The measured quantity is the
intensity autocorrelation function

XPCS

C (Q , t1, t2 ) = D (Q, t1 ) D (Q , t2 )

Time

Time evolution of speckles

I (Q, t ) ⋅ I (Q, t + τ )

= 1+ β

I (Q )

2

2.5
t2 [sec]

Energy [eV]

Frequency [Hz]

INS
Raman

I (Q, t ) − I (Q, t )
I (Q, t )

D(Q, t ) =

Coherent Beam

Length Scale [Å]

After a quench from the disordered to the ordered state, the evolution of
speckle intensity around the superlattice peak was quantified by XPCS using
the generalized two-time correlation function C(Q,t1,t2):

2

f (Q,τ )

2
1.5
1

2

0.5

The physical quantity of interest is
the
normalized
intermediate
scattering function f(Q,τ)

Scattering Vector Q [Å-1]

XPCS probes slow dynamics at
large length scales

0.5

Detector image of superlattice peak
35991 s after the temperature quench

f (Q,τ ) = exp [− Γ(Q )τ ]

1

1.5
2
t1 [sec]

2.5

3

3.5
4

x 10

Contour plot of the normalized two-time
correlation function Cnorm(Q=0.0126 nm-1,t1,t2).
A slowing down of dynamics with age is seen.

K. Ludwig, F. Livet, F. Bley, J-P. Simon, R. Caudron, D. Le Bolloc’h, A. Moussaïd, Phys. Rev. B 72, 144201 (2005)
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Smectic order correlation
length is diverging with
critical exponent ν || =0.70

C
S ( q) =
1 + ξ 2 (q − q )2 + ξ 2 q 2 + ξ 4q 4
|| z 0
⊥ ⊥ S ⊥
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I(Q) = N F(Q) S(Q)
Form Factor
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Example of SAXS profile of
PMMA particles in Cis Decaline
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Experimental data
Simulation with measured S(Q)
Hard-Spheres model
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-Hydrodynamic interactions are important in both cases
-Good agreement with theory (δγ
δγδγ expansion) in HS case
-No general model available for concentrated charged system

CCD data
Sphere form factor fit, R=1111 ang, Z=284

0

S(Q)

-3

Charged system Results

•Dilute non-interacting suspension (no interparticle interaction)

S(Q ) = 1

D(Q) = D0 = k B T 6πη R ,

τ0-1/q=σ/η yields

Stokes-Einstein
Thermally driven fluctuations from colloid-solvent interactions

η = 2η1/3 + η2/3 + η3/15
η3 is diverging at the
N-to-SmA transition
η1 and η2 are not

•Concentrated interacting suspensions (S(Q)≠1)

Colloid-solvent interactions

β = 3 ν|| - 2 ν⊥ = 3 × 0.70 - 2 × 0.58 = 0.94
First test of theoretical prediction
that links static and dynamics

A. Madsen, J. Als-Nielsen and G. Grübel, Phys. Rev. Lett. 90, 085701 (2003)

D(Q) =

D0
H(Q)
S (Q )

Hydrodynamic function
colloid-colloid indirect interactions

colloid-colloid direct interactions

F. Zontone A. Moussaïd, et al, to be buplished; A. Robert, PhD thesis, Universite Joseph Fourier Grenoble (2001)

Examples of current XPCS projects
XPCS in liquids under shear flow
The flow is used to avoid beam damage. Our
experiments prove that for
particular
scattering geometries, the diffusive dynamics
of a suspension of PMMA colloidal particles
under shear flow is decoupled from the flowinduced convective dynamics

Poly(N-isopropyl acrylamide) (PNIPA)
gels undergoes temperature induced
volume phase transition. To Goal is to
determine the nature of the slow
relaxations that occurs in collapsed state,
using two-time correlation function
C(Q,t1,t2)
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DYNAMICS : described by the effective diffusion coefficient D(Q)
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STATIC : description of the
ensemble correlations via the static
structure factor S(Q), related to the
intensity I(Q) via:
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Liquid Crystal Phases :
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Bulk XPCS: Dynamics of
Colloidal Suspensions
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Surface Dynamics by XPCS:
The Nematic-SmecticA Phase Transition

Example of two-time correlation function and an
averaged, one-time correlation function for PNIPA gel
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