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Picture on front cover: 
Retrospective of all the covers used for the BENSC Experimental Reports since 1993. 
 
In November 1992, a Scientific Panel allocated for the first time neutron beam time for external users 
at the Berlin research reactor BER II of Hahn-Meitner Institute GmbH (HMI). The newly founded Berlin 
Neutron Scattering Center BENSC took over the responsibility to organize the user service at BER II 
and to overlook the maintenance and improvement of the increasing number of neutron instruments. 
Since the start of the user service in 1993, the annual BENSC Experimental Report has been pub-
lished to give an overview on the experimental work that had been done during the respective year.  
In July 2008, HMI changed its name to Helmholz-Zentrum für Materialien und Energie (HZB). This was 
the first step towards the upcoming merger with another large scale research facility located in Berlin: 
BESSY. 
 
With 1 January 2009, the former Hahn-Meitner Institute GmbH (HMI) has finally merged with the Ber-
liner Elektronenspeicherring-Gesellschaft für Synchrotronstrahlung m.b.H. (BESSY) to form the new 
Helmholtz Zentrum für Materialien und Energie (HZB).  
 
HZB is now operating the neutron source BER II at the Lise-Meitner-Campus in Berlin Wannsee and 
the 3rd generation synchrotron source BESSY II at the Wilhelm-Conrad-Röntgen-Campus in Berlin 
Adlershof. The HZB User Service – with its two outposts in Wannsee (neutrons) and Adlershof (pho-
tons) – is ready to help scientists from all over the world with their beam time applications and every-
thing connected with the resulting experiments. 
 
 
 
 
Picture on back cover: 
Retrospective of all the covers used for the BENSC Experimental Reports since 1993, including the 
one for 2008. 
 
 
 
 
 

The cover was designed by screenworks, Leibnizstraße 59, 10629 Berlin, www.screenworks.de 
 
 
 
 
Editorial: 
 
The Berlin Neutron Scattering Center (BENSC) was a department of the former Hahn-Meitner-Institut 
Berlin GmbH, now Helmholtz-Zentrum Berlin für Materialien und Energie GmbH. BENSC was develop-
ing and running the Neutron Scattering Instruments at the Berlin Research Reactor BER II and was 
responsible for the service to external users. 
The Helmholtz-Zentrum Berlin für Materialien und Energie GmbH is a member of the Helmholtz Asso-
ciation of German Research Centres and is financed by the Federal Republic of Germany and the City 
State of Berlin.  
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Introduction  
The present volume of the BENSC Experimental 
Reports is the last one published in a format 
familiar to our users since 1993 when the first of 
these annual reports was issued. End of 2008 
two of Berlin’s largest research centres, the 
Helmholtz-Zentrum Berlin (former Hahn-Meitner-
Institut) and the Berlin synchrotron radiation 
source BESSY, have merged to form the new 
Helmholtz-Zentrum Berlin für Materialien und 
Energie (HZB). With this merger, a new era 
dawns in the user facilities of the joint institute. 
HZB is now one of the few centres worldwide 
that are able to offer the whole range of instru-
ments for neutron and synchrotron radiation 
experiments in one laboratory structure. Promot-
ing the synergistic use of neutron and synchro-
tron radiation will be a major focus of the new 
institute. A common user entry point, a unified 
proposal procedure and one common Scientific 
Selection Panel for both facilities will be estab-
lished to facilitate joint experiments with both 
probes. 

The present report gives an overview on the 
research with neutrons carried out at BENSC in 
2008. The reactor BER-II delivered neutrons for 
experiments on 224 days. Fourteen instruments 
were fully scheduled for external user operation, 
one instrument was only partly on schedule. The 
experiments performed at BENSC are described 
by 241 reports, 172 from external users and 69 
from BENSC scientists. 
 

BENSC User Service  

BENSC is open to the national and international 
scientific community. About 70% of the available 
beam time at the scheduled instruments are 
given to external users, 30% to in-house re-
searchers. A fraction of the beam time for exter-
nal users (up to 20% of the total beam time of an 
instrument) can be assigned to long-term col-
laborating groups from German universities and 
other national and international research institu-
tions, the rest (at least 50% of the total beam 
time) is allocated to short term projects via a 
peer-review selection process. 

BENSC has an outstanding tradition in providing 
sample environment for extreme conditions. A 
special emphasis is put on high magnetic fields 
and low and ultra low temperatures. Sample 
environment for high pressures up to 10 kbar 
and high temperatures is equally available. 

More recently, a further focus in sample envi-
ronment was put on the development of equip-
ment for neutron scattering experiments under 
controlled gas pressure to serve a growing user 
community from the fields of material science 
and soft condensed matter. This new “Dedicated 
Environment for Combined Gas Adsorption and 
Scattering Experiments” (DEGAS) includes  

 
 

humidity chambers for investigating biological 
samples as well as equipment for in-situ adsorp-
tion experiments on e.g. metal-organic frame-
work systems. 

A detailed technical handbook describing the 
existent equipment has been published by the 
BENSC sample environment group. It is con-
tinuously updated. This handbook as well as a 
detailed description of the neutron instruments is 
available on the internet under: 

http://www.helmholtz-berlin.de/userservice 
 

Scientific Selection Panel  
The beam-time allocation for the short-term pro-
jects is decided by the Scientific Selection Panel 
of BENSC, which meets twice a year, in May and 
in November. In 2008 the Selection panel con-
sisted of the following ten external and two in-
house members: 

External members: 
Dr. G. Auffermann 
 MPI CPfS Dresden, Germany 
Dr. K. Clausen  
 Paul-Scherrer-Institute, Switzerland  
Prof. Dr. R. von Klitzing 
 TU Berlin, Germany 
Prof. Dr. K. McEwen 
 University College of London, U.K. 
Dr. H. Mutka 
 ILL, France  
Dr. Th. Steriotis 
 NCSR Democritos, Greece  
Dr. O. Stockert 
 MPI CPfS Dresden, Germany 
Dr. P. Strunz 
 Academy of Sciences of the Czech Republic 
Prof. Dr. R. Triolo 
 University of Palermo, Italy  
Prof. Dr. J. Webster 
 Rutherford Appleton Laboratory, U.K. 

Internal members: 
Prof. Dr. A. Tennant 
 HZB Berlin  

Dr. C. Pappas, 
 HZB Berlin 
 

From 2009 onwards a new Scientific Selection 
Panel for reviewing neutron and synchrotron 
radiation proposals in joint sessions will be in-
stalled. To facilitate in-depth scientific discus-
sions this panel will consist of six sub-groups 
(colleges), each focussed on a particular scien-
tific field. 
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Support for European Access to BENSC  
BENSC is a major partner in the European Ac-
cess programme “Integrated Infrastructure 
Initiative for Neutron Scattering and Muon 
Spectroscopy (NMI3)” under the 6th EU 
Framework Programme (FP6). The most impor-
tant branch of NMI3 includes 12 different access 
activities offering European users approximately 
5000 beam days of access to more than 150 
instruments at European neutron and muon 
facilities with support for travel and subsistence. 
The programme started in January 2004 and 
ended in June 2008. BENSC had committed 
itself to provide a minimum of 1040 instrument 
days for European users over this period of 4.5 
years. 

In 2008, 92 projects of 68 different European 
groups using 668 instrument days have been 
supported by BENSC. A total of 138 users out of 
17 countries were involved. A list of the respec-
tive experimental reports included in this volume 
can be found on page XVII. Over the whole va-
lidity period of the NMI3 programme 371 Euro-
pean groups have been supported. They used 
2055 instrument days, i.e. almost twice as much 
as originally contracted.  

 
Major Instrumental Developments 
Detailed studies have been performed in 2008 to 
find the optimal configuration for the planned 
new supermirror guide system replacing the old 
neutron guides in the Neutron Guide Hall I 
(NGH-I). In parallel to the exchange of the guide 
system the present cold source will be replaced 
by a new cold source using a focusing type 
moderator cell. These activities will take place  
between October 2010 and April 2011. In addi-
tion, extensive upgrade plans have been worked 
out for two highly demanded user instruments in 
the NGH-I, the three-axes spectrometer FLEX 
(V2) and the TOF spectrometer NEAT (V3). An 
increase of performance by an order of magni-
tude can be expected by these upgrades. 

The construction of two new instruments in the 
NGH-I has also been started in 2008. They were 
designed by university groups and are funded by 

the German Ministry of Education and Research. 
These instruments are (i) BioRef, a TOF reflec-
tometer with a focus on the characterisation of 
bio-functional interfaces (University of Heidel-
berg in cooperation with BENSC) and (ii) 
PONTO, a tomography station with a focus on 
the use of polarised monochromatic neutrons 
(Beuth Technical Highschool Berlin in coopera-
tion with BENSC). Both instruments will strongly 
profit by the new guide system. 

In the new Neutron Guide Hall II (NGH-II) the 
final two instruments designated for this hall 
have been built up in a basic version: the ex-
treme-environment diffractometer EXED and the 
high resolution SANS machine VSANS. Both 
instruments entered the commissioning phase. 

The thermal neutron scattering instruments E1 
and E4 have been upgraded by installing a large 
doubly bent graphite monochromator (E1) and a 
large doubly bent Ge monochromator (E4) while 
E6 was equipped with a second area detector. 

 
BENSC Instruments at BESSY II 
In 1998 HMI-BENSC started to build and operate 
three beamlines with four instruments at the 
Berlin 3rd generation synchrotron radiation 
source BESSY II in order to promote the com-
plementary use of neutrons and synchrotron 
photons. With the merger of HMI and BESSY to 
form the new Helmholtz-Zentrum Berlin end of 
2008 any distinction between the former HMI 
instruments at BESSY and the other BESSY 
instruments has become meaningless. All users 
of the Helmholtz-Zentrum Berlin are offered the 
whole range of instruments at the research reac-
tor BER II and at the synchrotron radiation 
source BESSY II under equal conditions. The 
access will furthermore be facilitated by estab-
lishing a common user portal – GATE – for sub-
mitting proposals for both probes. 

Basic statistical information on the experiments 
performed at these four BENSC-operated 
BESSY instruments in 2008 is given in the table 
below together with a short description of the 
characteristic features of the instruments. 

Short User Statistics for HMI-BENSC Instruments at BESSY in 2008 
 

 Main instrument 
characteristics 

External projects In-house projects 
Number of 

projects 
Beam time 
(in weeks) 

Number of 
projects 

Beam time 
(in weeks) 

UE46-PGM 
 

Spectroscopy /  
Reflectometry 12 21 8 14 

7T-MPW-
MagS 

Res. Magn. Scatt. / 
High-Resol. Diffract. 6 7 8 9 

7T-MPW-
SAXS 

ASAXS/GISAXS 
 12 11 6 6 

7T-MPW-
EDDI 

Materials Science / 
Stress Analysis 20 22 9 13 



VI

Special Events 
50 Years Research with Neutrons at HZB 
In July 2008 the Helmholtz-Zentrum Berlin cele-
brated the 50th anniversary of the first critical-
ity of the first research reactor BER I on the 
site of the Helmholtz-Zentrum Berlin in Wann-
see. This first reactor was shut down in 1972 
and replaced by the present facility BER II, which 
first became critical in December 1973. The BER 
II was shut down in 1985 and almost completely 
renewed between 1985 and 1991: The thermal 
power has been increased from 5 to 10 MW, a 
Cold Source has been installed and a Neutron 
Guide Hall (NGH-I) with innovative and highly 
competitive instruments has been put up. 
Numerous neutron scientists from other centres, 
users and retired employees joined the staff of 
the Helmholtz-Zentrum Berlin in their celebration 
of the anniversary and enjoyed two days with a 
varied programme of talks on neutron science – 
in the past, the present and the future, in Berlin 
and elsewhere. 

29th Berlin School on Neutron Scattering 
The 29th Berlin School on Neutron Scattering 
was held at HZB from 3 - 7 March 2008. It  
was attended by 27 students and young  
postdoctoral scientists. 15 students/postdoctoral 
scientists were from German universities or  
research institutes, 9 students came from  
member countries of the European Union, while 
three came from beyond Europe (Russia, China 
and Taiwan).  
The participants were selected from a total of 
60 applicants. The school is part of the curricu-
lum of the Faculty of Mathematics and Sciences 
of the Technical University Berlin and was spon-
sored by the European Union under its NMI3 
Program. 
The school started with a one day theoretical 
introduction to methods of neutron scattering, 
which comprised the basic principles of neutron 
scattering, an introduction to neutron sources, 
the different types of neutron instrument and 
sample environment. However, the main em-
phasis was on hands-on experience of the neu-
tron scattering techniques at BENSC, including 
triple-axis spectroscopy, powder diffraction, 
small angle neutron scattering, reflectometry, 
time-of-flight spectroscopy and tomography.  
The students were divided into streamed  
groups of 4 or 5 people and spent three hours  
on each instrument over a period of three days 
doing experiments. On the last day a series of 
lectures were given to provide an overview of 
how neutron scattering is contributing in the sub-
ject areas of biology, chemistry, engineering  
and physics. Altogether, the school involved  
a total of 30 hours of practical and theoretical 
training. 

 
 
Conferences and Workshops 
The German Neutron Scattering Conference 
2008 was held at the Technical University of 
Munich in Garching from 15 – 17 September 
2008 with a strong participation by BENSC users 
and HZB scientists. 
The 16th International Conference on Ternary 
and Multinary Compounds (ICTMC16) took 
place in Berlin from 15 - 19 September 2008. 
The HZB was significantly involved in the organi-
sation of this conference besides the Depart-
ment of Geosciences of the Free University Ber-
lin. 157 scientists from 17 countries, amongst 
them 27 participants from the HZB and many 
BENSC users, have met in Berlin to present and 
discuss their recent scientific results.   
The 3rd BENSC Adsorption Workshop was 
held from 1 – 2 October 2008. It was attended by 
43 participants, most of them experts in the field. 
34 participants were external scientist of which 
13 came from abroad. 17 talks on instrumental 
and scientific topics were given, almost all of 
them (16) by the external experts. 
This new workshop series has been launched in 
order to get a feedback from the “adsorption 
community” on existing DEGAS equipment and 
suggestions for new developments. DEGAS 
stands for Dedicated Environment for combined 
Gas Adsorption and Scattering Experiments and 
consists of an ensemble of sophisticated but 
user-friendly instrumentation allowing neutron 
scattering experiments under controlled gas 
pressure. In parallel standard commercial labo-
ratory equipment for adsorption experiments has 
been installed which is also offered to users 
either for complementing neutron measurements 
or for stand-alone experiments. Building up this 
second sample environment focus beside the 
high-magnetic field equipment has brought many 
new users from diverse fields to BENSC. 



List of BENSC-Neutrons Instruments 
 

 
Instruments in the BER II Experiment Hall (thermal neutrons) Telefon numbers: +49(0)30/8062- 

Instrument ext. Inst. Scientists ext.

E1 
3-Axis Spectrometer with Polarisation Analysis  
(limited access only in close co-operation with local staff 
members) 

3101 A. Hoser 
M. Mihalik 

2847 
2793 

E2 Flat-Cone Single Crystal Diffractometer  
(E2a: Crystal-Test Diffractometer)  3102 J. Hoffmann 

A. Hoser 
2185 
2847 

E3 Residual Stress Analysis and Texture Diffractometer  3103 R. Wimpory 3097 

E4 2-Axis-Diffractometer  
(E4b: Position for Single Crystal Orientation)  3104 K. Prokes 

S. Matas 
2804 
2804 

E5 4-Circle Diffractometer  3104 M. Reehuis 2692 

E6 Focusing Single Crystal Diffractometer  3105 N. Stüßer 
A. Hoser 

3171 
2847 

E7 
Residual Stress Analysis Diffractometer  
(limited access only in close co-operation with local staff 
members) 

3107 R. Wimpory 3097 

E9 Fine Resolution Powder Diffractometer (FIREPOD)  3106 

D. Argyriou 
P. Henry 
F. Yokaichiya 
S. Kimber 
M. Tovar 

3016 
2686 
3177 
3079 
2768 

E10 HELINE, 3He-Diffractometer  3106 K. Siemensmeyer 2757 
 
 
 
Instruments in the BER II Cold Neutron Guide Halls Telefon numbers: +49(0)30/8062- 

Instrument ext. Inst. Scientists ext.

V1 Membrane Diffractometer  3121 T. Hauß 
A. Buchsteiner 

2071 
2071 

V2 I: 3-Axis Spectrometer (FLEX)  
II: FLEX with NRSE opt.  3122 

K. Habicht 
K. Rule 
M. Skoulatos 
D. Le 

2807 
3067 
2171 
2803 

V3 Time-of-Flight Spectrometer (NEAT)  3123 
M. Russina 
E. Kemner 
Z. Izaola 

3159 
3073 
3179 

V4 Small Angle Scattering Instrument (SANS)  3124 

U. Keiderling 
S. Prévost 
V. Ryukhtin 
A. Brandt 
D. Clemens 
K. Vogtt 

2339 
2339 
3099 
2169 
2280 
3022 

V5 Spin-Echo Spectrometer with ToF Option (SPAN)  3125 S. Wellert 
2046 
3072 
3174 

V6 Reflectometer  2806 
R. Steitz 
R. Köhler 
A. Teichert 

2149 
3077 
2044 

V7 Cold Neutron Tomography and Radiography (CONRAD)  3327 
N. Kardjilov 
A. Hilger 
M. Dawson 

2298 
2298 

B8 
Neutron-Autoradiography  
(limited access only in close co-operation with local staff 
members) 

3121 A. Denker 3000 

V12a Bent-crystal Diffractometer (USANS) / Tomography  3131 W. Treimer 
S. Seidel 

2221 
3298 

V14 Mirror Test Device  2284 T. Krist 2045 

V15 Extreme Environment Diffractometer (EXED)  
(commissioning) 3283 O. Prokhnenko 

H. Bleif 
3068 
2758 

VII



Instrument ext. Inst. Scientists ext.

V16 Very Small Angle Neutron Scattering (VSANS)  
(commissioning) 3281 D. Clemens 

K. Vogtt 
2280 
3022 

V17 Detector Test Station  3284 
T. Wilpert 
C. Schulz 
S. Alimov 

2743 
2675 
2675 

V18 Reflectometer for biological applications (BioRef)  
(under construction) **** 

R. Steitz 
M. Strobl 
A. Paul 

2149 
2490 
2925 

V19 Polarized Neutron Tomography (PONTO)  
(under construction) **** W. Treimer 

O. Ebrahimi 
2221 
3076 

X2 
X-ray Reflectometer  
(Sample Preparation V6, only in close co-operation with 
local staff members) 

3112 H. Bleif 2758 
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Instrument Statistics 2008 
 
Table: Detailed statistical data on the use of the scheduled instruments 

 
Note:  The table gives detailed statistical data on the use of the scheduled instruments. The pie chart shows the statistical 
data given in the table, summarized over all instruments. The meaning of the individual entries is explained in the legend below. 
EXT (DE), EXT (EU) and EXT (other) refer to projects performed by external users from Germany, EU or other countries via 
accepted “normal” short-term proposals submitted to BENSC. Please note that the long-term projects are also projects 
performed by external user groups, where instrument time is either given on the basis of an accepted long-term proposal or on 
the basis of a cooperation agreement with BENSC.  

 

 
 

Inst.-days  Neutron days per Instrument    
EXT (DE)  German Universities, Research institutes   
EXT (EU)  Universities and Research Institutes from the EU and associated states 

EXT (other)  Non-EU Universities and Research Institutes   
LT    Long term projects     
EF    In-house projects     
other use  e.g. industry, teaching (neutron school)   
Inst.    Instrument time (tests, developments … )   
OOO    out of operation     
E1*   under construction in 2008    
V4*   technical problems in 2008    

 

X



How to apply for beam time at  
BER II (HZB-Neutrons) and BESSY II (HZB-Photons) 

 
The research reactor BER II is a major European neutron scattering facility with exceptional 
capabilities to conduct complex experiments under extreme conditions. Outstanding sample 
environment provides high static magnetic fields up to 17 T, high, low, and ultra-low 
temperatures and controlled gas pressures up to 10 kbar. The advanced and partly unique 
neutron scattering instrumentation and the quality of the user service attract researchers 
worldwide. 

The storage ring BESSY II is a leading third-generation synchrotron-radiation source providing 
ultrabright photon beams from the long wavelength Terahertz region to hard X-rays with 
complete control of the polarization of the radiation and energy range. More than 50 beamlines 
offer a multi-faceted mixture of experimental opportunities at undulator, wiggler and dipole 
sources with excellent energy resolutions. 

Details on the instrumentation at both sources are available on the WEB: 

http://www.helmholtz-berlin.de/userservice 
BER II and BESSY II are open to both the national and the international user community. The 
main fraction of the beam time is reserved for external short-term research proposals. All 
applications are reviewed by an international Scientific Selection Panel (SSP) twice a year. 
Beamtime is granted on the basis of scientific merit. To promote the synergetic use of neutron 
and synchrotron radiation, the Scientific Selection Panel is dealing with proposals for neutrons 
and synchrotron photons in joint sessions. To this purpose the Panel is divided in 6 sub-groups 
(colleges) each being focussed on a particular scientific field in order to facilitate in-depth 
discussions. 

Deadlines for the submission of proposals are 
1 March and 1 September.  

 

The instrument responsibles of HZB are asked to advise potential users and comment on the 
technical feasibility of the proposed experiments. For these tasks this limited class of HZB-
scientists has access to the submitted proposals.   

Requests for urgent or confidential experiments (Director’s Discretionary Time) and for industrial 
use may be submitted at any time. 

Applications for HZB-Neutrons as well as HZB-Photons beam time should be made by using 
GATE, the common user entry point for both neutron and synchrotron radiation applications 

http://www.helmholtz-berlin.de/userservice/gate_en.html 

Research projects for the complementary use of HZB-Neutrons and HZB-Photons are strongly 
encouraged.  

 

For further information please contact: 

Helmholtz-Zentrum Berlin für Materialien und Energie GmbH 
HZB User Office – Neutrons 
Lise-Meitner-Campus 
Glienicker Str. 100 
D-14109 Berlin (Wannsee) 
Germany 
 
Phone:  +49 - 30 - 8062 2304 / 3153 
Fax:        +49 - 30 - 8062 2523 
Email: neutrons@helmholtz-berlin.de 

HZB User Office – Photons 
Wilhelm-Conrad-Röntgen Campus 
Albert-Einstein-Str. 15 
D-12489 Berlin (Adlershof) 
Germany 
 
Phone:   +49 - 30 - 6392-2931 
Fax:       +49 - 30 - 6392-2931 
Email: photons@helmholtz-berlin.de 
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The BENSC Experimental Reports are intended as interim summaries. In view of the short time available 
between the termination of certain experiments and the deadline for this report, the results presented 
here have to be considered as preliminary. The inclusion of reports in this volume does not constitute a 
publication in the usual sense. Final results will be submitted for publication in regular scientific journals. 
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This experiment is part of the NMI3-JRA-PNT 
project with the aim to manipulate the Larmor 
phase topology within the resolution volume of a 
triple-axis spectrometer with spin-echo. The state-
of-the-art design of NRSE apparatus allows 
matching planes of constant Larmor phase with the 
slope of the dispersion. Theoretical analysis has 
however identified sample properties, e.g. curvature 
of the dispersion surface, to be crucial to resolution. 
The aim here is to overcome this effect by a set of 
correction elements providing small additional 
Larmor precession as a function of beam 
divergence and thus surfaces of constant Larmor 
phase distinct from planar.  
Numerical analysis and previous experiments 
carried out at V2/FLEX have shown that a 
combination of current sheets and flippers, inserted 
between the two bootstrap coils of the first NRSE 
arm, can be used to provide an effective tilt angle. 
However mapping the Larmor phase topology with 
an active current sheet setup showed that the linear 
modulation dominates and a substantial second 
order modification towards curved Larmor surfaces 
was not evident. 
During the present experiment a simpler setup was 
therefore installed in the first NRSE arm consisting 
of 3 solenoid coils only (Fig. 1). FLEX was operated 
in a configuration with scattering senses (SM=-1, 
SS=-1, SA=+1) at ki = kf = 2.4 ®-1 where second-
order contamination is substantially suppressed by 
the curved neutron guide. No additional collimators 
were used besides a transmission polarizer after 
the PG monochromator and a bender after the PG 
analyzer. The NRSE option was operated in 
bootstrap-mode with an effective frequency feff = 1 
MHz. Data sets have been collected under 
conditions slightly offset from the standard Larmor 
diffraction conditions, i.e.  with tilt angles of the RF-
coils set to θ1= +34.9° and θ 2= -44.9°. This rotates 
the Larmor phase map in the (hkk) wavevector 
plane while the polarization is still good enough to 
provide sufficient modulation contrast. The topology 
of the Larmor phase inside the resolution ellipsoid 
of the TAS was measured by TAS-scanning the 
(200) Bragg peak along the longitudinal and 
transverse directions in Q-space keeping the NRSE 
parameters fixed and without operating the 
additional solenoid coils (Fig. 2). As expected, the 
Bragg peak appears intensity modulated in a 
direction slightly offset from the longitudinal 
direction in Q-space. 
 

 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Experimental setup: NRSE arm 1 with solenoid 
coils. 

+B -2B 

A second set of measurements has been 
performed with operating the solenoid coils 
providing a field integral which is sensitive to 
divergence. In this case the linear modulation is 
modified and curved Larmor surfaces are observed 
for the first time for Q-regions located off the central 
region (Fig. 3). 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Larmor phase map measured without operating 
solenoid coils in first NRSE arm 
  
 
 
 
 
 
 
 
 
 
 
Fig. 2: Larmor phase map measured with operating 
solenoid coils in first NRSE arm.  Lines are guide to the 
eye. 

+B 
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Polarized neutron radiography is based on the 
spatially resolved measurement of the final 
precession angles of a collimated and polarized 
monochromatic neutron beam that passes through a 
magnetic field present inside and/or outside of a 
sample. Experiments using polarized neutrons were 
carried out at the neutron imaging beam line 
CONRAD at HZB [1]. For this purpose the 
instrument was equipped with solid state polarizing 
benders [2] providing a beam with a cross-section 
of 15 mm width and 45 mm height, Fig. 1. For 
larger samples a scanning arrangement was adopted 
for investigating samples of up to 20 cm width. A 
double crystal monochromator device was used to 
select a defined wavelength from the cold neutron 
spectrum. The achieved spatial resolution in the 
radiography images was around 500 µm for the 
given experimental geometry.  

 
Fig.1. Spin-polarized neutron imaging: The neutron 
spin rotates in the magnetic field of a sample and 
hence approaches the spin analyzer typically in a 
non-parallel orientation. The angle of the final spin 
rotation ϕ depends on the magnetic field integral 
along the beam path. 
 
The potential of the method was demonstrated by 
the visualization of magnetic fields around a 
cylindrical coil at different current values, Fig. 2. 

 
Fig. 2 Cylindrical coil investigated with polarized 
neutron radiography at different current values: The 
spin of the neutrons is rotated due to the coil’s 

magnetic field which is perpendicular to the 
original spin orientation defined by the polarizer. 
The resultant spin orientation is converted by 
transmission through the spin analyzer into gray 
levels between white for parallel and black for anti-
parallel spin orientation with respect to the 
analyzer. 
 
The spin polarized radiography was also 
successfully used for imaging the expelled and 
pinned magnetic field in superconductors. An 
example of this is shown in Fig. 3 

 
Fig. 3 Visualization of the Meissner effect by 
polarized neutron radiography: YBCO 
superconductor pellet (20 mm diameter, 5 mm 
thickness) at: a) T>Tc, B=0mT, b) T>Tc, B=2 mT, 
c) T<Tc, B=2mT. The external magnetic field B is 
expelled from the sample volume at T<Tc. The 
critical temperature for YBCO (Tc) is 94 K. 
 
This new technique can be used to investigate many 
other physical effects of magnetism in the bulk of 
materials. In particular, the ability of neutrons to 
penetrate large volumes of many materials of up to 
several centimeters promises interesting 
applications in materials science. 
 
References 
[1] N. Kardjilov et al., Nature Physics 4, 399 (2008) 
[2] Th. Kris et al., Physica B 241-243, 82-85 (1998) 
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Differential neutron phase contrast has been 
explored with double crystal diffractometers 
(DCD) [1]. However, only the recent 
development of a grating interferometer for 
imaging [2] for this technique enabled through 
high efficiency a broad application of the 
method. The high angular resolution of a DCD 
provides additional contrast for ultra small 
angle scattering [3] which is referred to as 
dark-field contrast. Consequently 
measurements using a grating interferometer 
were conducted at the CONRAD instrument in 
order to investigate the potential to achieve 
dark-field contrast images and to perform 
corresponding tomographies one reasonable 
time scales. An Al matrix with a number of 
different holes that has been measured earlier 
at the V12a DCD has been used as a 
reference sample. Fig. 1 displays the 
radiographic images of the three contrast 
signals that can be extracted from the grating 
interferometer data. 

 
Fig. 1 Radiographic images from a radiographic 
measurement corresponding to attenuation, 
differential phase and dark field contrast. 
 
The images are extracted from a single scan in 
which the so called source grating is moved 
through the beam in several steps resulting in 
a sinusoidal response in every detector pixel 
(compare Fig. 2). These curves can be 
described by the three parameters of the 
offset, a phase and the amplitude 
corresponding to attenuation, refraction (i.e. 
differential phase contrast) and dark field 

scattering, respectively [4] as could be 
demonstrated by the results of the 
measurements.  
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Fig. 2 Response functions from grating 
measurements for single pixel 
 
With data recorded in a tomographic 
measurement it could be shown that the dark-
field data can be reconstructed (compare Fig. 
3) in analogy to such from a DCD but the data 
can be recorded with an efficiency about 2 
orders of magnitude higher. 
 

          
  Fig. 3 Details of reconstruction from differential 
phase (a) and dark field contrast (b), sediments 
only found in dark field reconstruction 
 
References 
[1] M. Strobl et al. NIMB 222 3-4 (2004) 
[2] F. Pfeiffer et al. PRL 96, 215505 (2006) 
[3] M. Strobl et al. APL 85, 3 (2004) 
[4] M. Strobl et al. PRL 101, 123902 (2008) 
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M. Dawson, (HZB) 
  

04/08/2007 – 10/08/2007

  Date of Report: January 2009 
 
The experimental setup contains two solid-state 
polarisers; one is situated in front of the sample 
position and the other one (the so-called 
analyser) is located between the sample 
position and the imaging detector. The analyser 
is aligned parallel to the polariser in order to 
guarantee the passage of neutrons carrying a 
spin parallel to the initial polarisation and to 
absorb neutrons with anti-parallel spin. The 
image of a sample detected behind the 
polarisation analyser is determined by a 
superposition of conventional attenuation 
contrast Ia(x,y) and the contrast variations due 
to spin rotation Im(x,y)  

( )
444 3444 214444 34444 21
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2
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where I0(x,y) is the incident beam intensity, Σ is the 
linear attenuation coefficient of the sample and 
(x,y) are the co-ordinates in the detector plane.  
The technique was applied to study flux trapping 
effects in lead, a type-I superconductor. The 
sample, a polycrystalline lead cylinder, was cooled 
down to T0=6.8 K (below the critical temperature 
for superconductivity, Tc=7.2 K). During cooling a 
homogenous magnetic field of 10 mT was applied 
parallel to the cylinder axis and perpendicular to the 
magnetic moment of the incident neutron beam. 
After this, the magnetic field was switched off. 
Magnetic fields are partially trapped in the 
superconductor due to grain boundaries and other 
defects. The temperature dependence of the residual 
field distribution inside the sample was visualised 
by recording radiographic images during step 
heating from T0 to Tc with ΔT=0.1 K. The images 
(Fig. 1) show an inhomogeneous residual field 
which decreases during heating and vanishes 
completely when the critical temperature Tc is 
reached and superconductivity breaks down. For 
the case (shown in Fig. 1 – 7.0 K) of a weak 
trapped residual field, a tomographic investigation 
was performed by rotating the sample around the 
vertical axis. The measurement consisted of 60 
radiographic images recorded at equidistant 
projection angles over a range of 180°. For the 
reconstruction of the volumetric data set from the 

collected two-dimensional images a numerical 
reconstruction algorithm (filtered back projection) 
was applied resulting in a three-dimensional 
representation of the flux trapped in the sample at 
7.0 K (Fig. 2).  

 
Fig. 1. Radiographic projections of trapped flux in a 
polycrystalline lead cylinder at different 
temperatures below Tc = 7.2 K. 
 

 
Fig. 2 Trapped flux at 7.0 K (yellow) visualised in 
different tomographic views. 
 
 
References 
[1] N. Kardjilov et al., Nature Physics 4, 399 (2008) 
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EXPERIMENTAL REPORT Proposal N°  
OTH-04-1538-EF 
Instrument   V7  

Radiography with polarized neutrons Local Contact  
N. Kardjilov  

Principal Proposer: A. Hilger, (HZB), N. Kardjilov, (HZB) Date(s) of Experiment 
Experimental Team: I. Manke, (HZB)

 
M. Dawson, (HZB) 
M. Strobl, (HZB) 
D. Wallacher, (HZB) 

  

09/07/2008 – 14/07/2008 

  Date of Report: January 2009 
 
Introduction 
 
In addition to conventional tomography at the 
CONRAD-beamline it is feasible to use a new 
device for the polarisation of the neutron beam. 
This setup consists of two solid state benders, 
one for the polarisation of the beam and the other 
to analyse one component of the spin state.  
This experimental equipment allows for an 
investigation of magnetic fields outside a sample 
and also in bulk materials[1]. In comparison to 
these measurements the field distributions were 
calculated using Biot-Savart’s law. 
 
Experimental description 
 
A double-crystal monochromator consisting of 
two adjustable C(002) crystals with a mosaic 
spread of 3.5° was used to choose a wavelength 
of λ=0.35nm with a bandwidth Δλ/λ =0.12. The 
flux density at the sample position for an 
unpolarized monochromatic beam was about 
5×105 neutrons·cm−2·s−1. The 400 μm thick 
Li6F scintillator screen was used for neutron 
detection. The light was deflected by a mirror 
into the 50-mm-focus Nikon camera lens and 
was recorded by an Andor DW436N-BV CCD 
camera with 2048×2048 pixels. The CCD was 
cooled down to −50°C to minimize electronic 
noise. The spatial resolution were 300 μm in the 
vertical and 500 μm in the horizontal direction 
for a sample-to-detector distance of 50 cm. To 
enable the investigation of samples wider than 
the beam width of 15 mm, a scan technique was 
applied. The samples together with the detector 
were scanned through the beam defined by the 
fixed polarizing benders. Exposure times of the 
order of 15 min were necessary for a single 
image on a scan path of 6 cm. The beam height 
was 50 mm and for investigation of taller fields 
only the sample was displaced in horizontal 
direction.  

OTH-04-1538-EF  // brandt  //  05.02.09  Seite 1 von 1 

 
 

 
Results 
 
In the case of the levitating dipole magnet over a 
superconducting YBa2Cu3O7 pellet a closed cycle 
refrigerator was utilized to cool down the pellet 
to 60 K (Tc = 90 K). The field strength at  surface 
of the dipole was approx. 100 mT.  The 
radiogram of the permanent magnet is shown in 
Fig. 1a. Fig 1b shows the comparison between 
the simulation of the final spin state and 
measured image. In the outer part the compliance 
is satisfactorily. The difference in the inner parts 
is caused by a varying resolution in the 
calculation and measurement. 
Fig. 2 shows the measured superposition of two 
magnetic fields generated by perfect dipoles. The 
fields are rectified and the positions were fixed 
by an aluminium slat between the magnets 
 

    
Fig 1: Levitating dipole, a: Experimental result,             
b: Comparison to the calculated field 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2: Superposition of the magnetic field of two 
dipole magnets  
 
[1] N. Kardjilov et al, Nature Physics 4 399 (2008) 
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EXPERIMENTAL REPORT Proposal N°  
PHY-04-1628-EF 

Instrument V7 
Polarimetric magnetic field tomography 

Local Contact 
N. Kardjilov  

Principal Proposer: M. Strobl, HZB & Uni Heidelberg Date(s) of Experiment 
Experimental Team: A. Hilger and N. Kardjilov, HZB 
 E. Jericha, ATI 
 Manke, HZB 

G. Badurek, ATI 

11/02/2008 – 16/02/2008

  Date of Report: 14/01/2009 
 
Only recently the potential of polarised 
neutrons for imaging could be demonstrated in 
several experiments carried out at the cold 
neutron radiography and tomography 
instrument CONRAD [1,2]. However, in 
contrast to proposed methods of tensorial 
neutron tomography in perfect crystal 
interferometers [3,4], the method has been 
limited to distinct magnetic field geometries 
that could be investigated. 
For the presented measurements a combined 
approach of polarised neutron imaging in a 
conventional pinhole set-up with polarimetric 
spin analyses [5] was chosen in order to 
perform a tomographic measurement of an 
arbitrary magnetic field to achieve data for 
tensorial reconstruction [3,4] of the 3-
dimensional field.   
For that purpose the polarised imaging set-up 
at CONRAD [1,2] has been equipped with two 
crossed π/2 spin flipping coils both before and 
behind the sample position (compare Fig. 1). 
 

 
Fig. 1 Set-up for polarimetric imaging at CONRAD; 
in the centre of the image is the sample position 
(here the sample is a small electric coil producing 
an inhomogeneous magnetic sample field) Before 
and behind the sample position crossed π/2 spin 
flipping coils are installed.   
 
For the measurements the sample position 
had to be shielded against external stray fields 
by an iron case (30 x 30 x 30 cm3) with holes 

only for the incoming and outgoing beam as 
well as for the sample holder. As a reference 
sample a simple coil made of Al wire with a 
few windings with a diameter of 1 cm has been 
used in order to achieve an inhomogeneous 
field for investigations. 10 tomographic runs 
have been recorded including all combinations 
of incoming and analysed spin directions 
(x,y,z) and a conventional attenuation 
tomography with the field free sample coil (in 
order to separate attenuation from spin 
analyses based contrast. The achieved spatial 
resolution was dominated by the geometric 
conditions of the order of a few hundred 
micrometers. For every tomographic run 100 
projection images have been recorded, each 
with an exposure time of  30 sec. 
Fig. 2 shows the nine images of a 
polarimeteric radiography. The analyses of the 
tomographic data, i.e. efforts to reconstruct the 
magnetic field from the recorded data are 
ongoing.  
 

             
Fig. 2 Polarimeteric radiographies corresponding to 
xx,xy, xz, yx, yy, yz, zx, zy, zz combination of incoming 
respectively analysed spin orientation (top left to bottom 
right).   
 
[1] N. Kardjilov et al., Nat. Phys. 4 (2008) 
[2] I. Manke et al. JAP 104, 1 (2008) 
[3] G. Badurek et al. Phys. B 234–236 (1997) 
[4] E. Jericha et al. Phys B 397 (2007) 
[5] M. Strobl et al. Phys B, accepted 
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EXPERIMENTAL REPORT Proposal N°  
PHY-04-1629-EF 

Instrument V7 Spin-polarised neutron radiography on 
electric conductors Local Contact  

N. Kardjilov 
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Principal Proposer: I. Manke, (HZB) Date(s) of Experiment 
Experimental Team: N. Kardjilov, (HZB) 
 A. Hilger, (HZB) 
 M. Dawson, (HZB) 

26/05/2008 – 31/05/2008

  Date of Report: January 2009 
 
The skin effect in the bulk of an electrical 
conductor, i.e., the displacement of the current 
density from the inner part to the edges, has been 
investigated with spatial resolution using spin-
polarized neutron imaging [1]. 
Measurements were performed at the neutron 
imaging facility CONRAD at HZB. A schematic 
drawing of the experimental setup is shown in 
Fig.1. The monochromatic neutron beam was 
polarized by a solid-state spin-polarizing bender 
and passed through the sample. The beam 
polarization was then analyzed by a second 
polarizing bender, the so-called spin analyzer, and 
transmitted neutrons were detected by a spatially-
resolving detector. 
In such a polarized neutron imaging setup the 
magnetic field of a sample provides image contrast 
due to changes in the previously defined neutron 
spin state that occurs in a magnetic field. In the 
ideal case, the magnetic field to be visualized in 
and around a conductor is aligned perpendicular to 
the (initial) neutron spin polarization direction and 
the overall rotation of the neutron spin is not more 
than π.  

 
Fig. 1. Schematic drawing of the experimental setup. An 
aluminum rod of 4 cm thickness with applied asymmetrical 
electric contact (top: 1 cm offset, bottom: contact at the side). 
 

The current distribution in a conducting cylindrical 
aluminum rod with 4 cm diameter was investigated. 
Two electrical contacts were fixed to the rod at the 
top and bottom surfaces such that the magnetic 
field of the sample was perpendicular to the 
vertically oriented magnetic moment of the 
neutrons. For the first measurements the contacts 
were placed at different positions off-center of the 
circular cross section in order to simulate a realistic 
nontrivial case (Fig. 1). Images were taken with 

different applied currents. The exposure time for a 
single image was up to 120 s. The field of view was 
8x3 cm2 and the spatial resolution was 
approximately 300 µm in the vertical and 500 µm 
in the horizontal direction, mainly limited by the 
beam divergence 

 
Fig. 2 (a) Spin-polarized neutron radiograms of a 4 cm thick 
aluminum rod without applied current and with 25 A 
alternating current at (b) 10 Hz, (c) 100 Hz, and (d) 1000 Hz. 
Due to the asymmetric electric contact and the skin effect the 
current is shifted to the left side at increased frequencies 
resulting in a corresponding shift of the magnetic field. 

 
Fig. 3 (a) Cross sections along the marked lines in Fig. 2. 
With applied current the transmission signal is decreased due 
to the neutron spin rotation. The gray shaded area marks the 
extensions of the aluminum rod. (b) The graphs in (a) were 
normalized and reveal the beam polarization. The values for 
the skin depth are shown for the three frequencies applied. 
 
References 
[1] I. Manke et al., J. Appl. Phys. 104, 076109 (2008) 
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EXPERIMENTAL REPORT 
Proposal N°  
MAT-04-1632-EF 
MAT-04-1633-EF 

Instrument V7 Visualization of local textures using Bragg Edge 
Radio- and Tomography Local Contact M. Boin 

 
 

Principal Proposer: M. Boin, Helmholtz Centre Berlin Date(s) of Experiment 
Experimental Team: N. Kardjilov, Helmholtz Centre Berlin 
  
  

17/01/2008 – 21/01/2008

  Date of Report: 13/01/2009 
 
A textured Mg AZ31 specimen was investigated 
on CONRAD (V7) using Bragg edge 
transmission. The sample was expected to have 
local changes which was verified before on E3 as 
well as on STRESS-SPEC (FRM-II) using the 
conventional diffraction method [1]. Three local 
sample positions were compared with the 
reference data (see pole figure in figure 1) from 
the diffraction measurements.  
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Figure 1: Extruded Mg AZ31 sample - RD, TD and ND re-
present the rolling, transverse and normal direction. The 
left graphic shows the pole figure for sample position 1. 

 
The first step towards the texture analysis using 
Bragg edge neutron transmission was to perform 
a wavelength scan to determine the sample 
specific Bragg edge positions. Therefore, we 
used the monochromatic option to setup well 
defined neutron energies and capture 
radiographic images for each setting. The 
detected transmission intensities have been used 
to set the wavelength position close to a Bragg 
edge (in our case: 5.55 Å). The diagram in figure 
2 shows the energy-dependent intensity 
changes, known as Bragg edges.  
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Figure 2: Wavelength scan showing Bragg edges. 

After setting the neutron energy, such that the 
intensity changes close to the first Bragg edge 

can be detected, the second step of the 
experiment was performed. The sample was 
rotated around 90° in 1° steps and tilted by 0°, 
5°, 10°, 15° and 18°. For each position 
radiographic images were captured as shown in 
figure 3 as well as reference pictures with a 
wavelength outside the Bragg edge area. 

 
Figure 3: Radiographic image from the Mg AZ31 

sample. 
 
Finally, the detected intensities have been 
normalized by the reference pictures and 
compared with the dataset from the diffraction 
analysis. 
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Figure 3: Intensity analysis for sample position 1. 

 
Although only the ratio between the captured 
absorption coefficients is plotted it is clearly 
visible that the neutron cross section changes 
due to the texture effect, i.e. the number of 
crystallites with preferred orientation to RD 
changes with rotation likewise the intensities in 
the pole figure. 
 
 [2] M. Boin, BENSC report, MAT-01-2277-EF 
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EXPERIMENTAL REPORT Proposal N°  
PHY-04-1637-IT 

Instrument V7 

Test of New Scintillating Screens Local Contact 
N. Kardjilov 
  

Principal Proposer: N. Kardjilov, (HZB), I. Manke, (HZB) Date(s) of Experiment 
Experimental Team: N. Kardjilov, (HZB) 
 A. Hilger, (HZB) 
 M. Dawson, (HZB) 

08/01/2008 – 10/01/2008

  Date of Report:  
 
Introduction 
A limiting factor for the spatial resolution in 
imaging experiments is the detector system. 
Recently two different micro-set-ups with a field-
of-view of about 25-30 mm and a resolution better 
than 50 µm have been realized [1,2]. The 
disadvantage of these set-ups is the high-cost of the 
detector systems. A conventional low-cost upgrade 
of the standard CCD-based detector systems can 
provide comparable results. The use of a 
commercially available high-resolution lens system 
optimized for high-end digital cameras provides a 
1:1 projection ratio without big losses of light 
intensity and image distortions. In this way the 
limiting factor is the pixel size of the CCD camera. 
Improvement of the scintillator screen can increase 
the resolution further. 
Experiment and results 
Using a cold neutron beam with a negligible 
gamma content is a precondition for applying 
scintillator screens based on Gadox (Gd2O2S(Tb)) 
active layers. The scintillating layer can be very 
thin in comparison to the standard 6LiF based 
scintillators due to the higher cross-section of Gd 
for cold neutrons. Fig. 1a presents the result of a 
resolution test of a CCD-camera-based detector 
system using a 10 µm thick Gadox screen, 200 mm 
Nikon lens (AF Micro-Nikkor 200 mm f/4D) and 
2048x2048 pixel CCD camera (Andor DW436N-
BV).  

PHY-04-1637-IT  // k.denzer  //  06.02.09  Seite 1 von 1 

The pixel size for the presented image was 13.5 µm 
resulting in a field of view of 28 x 28 mm2. The 
achieved spatial resolution as seen in Fig. 1a was 
50 µm. The effect of the scintillator screen on the 
achieved resolution was studied by performing a 
tomographic investigation on a stainless steel piece 
with a standard 200 µm 6LiFZnS:Ag screen, Fig. 
1b, and 10 µm Gadox scintillator, Fig. 1c. The 
improvement of the resolution can be seen clearly 
in Fig. 1c where the 80 µm crack and the remains 
of a contrast agent therein are resolved in detail. 
The high resolution tomography can be used for 
investigations of fine details in industrial parts, e.g. 
fuel distribution in the channels (350 µm diameter) 
of diesel fuel injector, Fig. 2 

 
Fig. 1. a) Resolution test of a detector system based 
on 2048x2048 pixel CCD camera with 10 µm 
Gadox scintillator screen using a standard Gd test 
pattern; tomographic slice of a stainless steel piece 
with a crack using b) 200 µm 6LiFZnS:Ag screen 
and c) 10 µm Gadox screen for the measurement. 
 

 

fuel 

12 mm 
   
Fig. 2 High resolution neutron tomography of a fuel 
injector. 
 
References 
[1] E. H. Lehmann et al., Nucl. Instr. and Meth. A 576, 
389-396 (2007). 
[2] O. H.W. Siegmund et al., Nucl. Instr. and Meth. A 
579, 188-191 (2007). 
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EXPERIMENTAL REPORT Proposal N°  
PHY-04-1638-IT 

Instrument V7 
Test of He3 polarisators for imaging 

Local Contact  
Nikolay Kardjilov 
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Principal Proposer: Nikolay Kardjilov, Ingo Manke, (HZB), 
Ken Anderson (ILL) 

Date(s) of Experiment 

Experimental Team: Martin Dawson, Ingo Manke, André Hilger, 
Nikolay Kardjilov, Markus Strobl, (HZB) 

 Florian Bordenave, David Julian, (ILL) 
  

18/03/2008 – 20/03/2008

  Date of Report: January 2009 
 
By integrating neutron polarisers with a 
neutron imaging system it is possible to 
achieve direct, real-space visualisation of 
magnetic field distributions both in and around 
matter. One polariser (the polariser) is used to 
polarise the neutron beam and a second (the 
analyser) is used to analyse the cumulative 
rotation of the polarisation resulting from 
precession around the magnetic field. 
 
In initial experiments on CONRAD [1] a pair of 
magnetised solid state benders [2,3], were 
utilised as polarisers since they have several 
advantages: they are compact, self-contained 
and simple to implement. However, they also 
have the disadvantages that the structure of 
the benders attenuates the beam, the 
polarisation is not uniform across the beam, 
the field of view is limited (1×4cm) and the 
polarised beam is deflected from straight-
through propagation. Recently, new devices 
(3He polarising cells) that overcome these 
problems have been successfully tested. 
 

 
Figure 1: Flat field images measured using the 
bender (left) and the new device (right). 
 
Figure 1 compares flat field images measured 
using the bender and the 3He cell. The feint 
striping pattern in the cell image is caused by 

neutron guide. The strong striping pattern in 
the bender image is caused by beam 
attenuation produced by the vertical blade 
structure of the bender. 
 

 
Figure 2: Polarised neutron images of a current-
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beam profile inhomogeneities produced by the 

igure 2 shows polarised neutron images of a 

eferences 
et al, Nat. Phys. 4 pp 399-403 (2008) 

conducting solenoid. 
 

1cm 

F
solenoid carrying alternating currents of 
varying magnitude. These images were formed 
by dividing the images measured when the 
polariser and analyser are aligned anti-parallel 
and parallel. Brighter regions indicate where 
there is polarisation rotation caused by the 
magnetic field around the coil. 
 
 
R
[1] N Kardjilov 
[2] Th Krist et al, Physica B 241-243 pp 82-5 (1998) 
[3] Th Krist et al, Physica B 356 pp 197–200 (2005) 
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EXPERIMENTAL REPORT Proposal N°  
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Instrument V7 
Spin-echo-like neutron imaging 

Local Contact 
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Principal Proposer: M. Strobl, HZB & Uni Heidelberg Date(s) of Experiment 
Experimental Team: A. Hilger, HZB 
 I. Manke, HZB 
 N. Kardjilov, HZB 

22/07/2008 – 29/07/2008

  Date of Report: 14/01/2009 
 
Imaging with polarised neutrons provides the 
opportunity to investigate magnetic fields even 
in the bulk of massive samples. This has been 
demonstrated recently with measurements at 
the cold neutron radiography and tomography 
instrument CONRAD [1]. It could be shown 
that even tomographic investigations to derive 
volumetric reconstructions of magnetic fields 
are feasible. However, difficulties arise for 
quantification and reconstruction, when spin 
rotations bigger than π are induced by the 
sample. This drawback can be overcome by 
measurements with different wavelengths in 
order to retrieve the magnetic field integral 
along the path of the neutron beam. Here 
another approach was used, i.e. to apply a 
spin-echo like technique which has the 
advantage, that a broad energy spectrum of 
the incoming beam can be utilised. For that 
purpose a reference or spin echo field has 
been introduced in the set-up before the 
sample position. This precession field has a 
defined length and can be controlled by an 
electric current supply. In Figure 1 the 
response function in a detector pixel is shown 
when the current was increased from 0 A to 5 
A in 500 steps. 

0 100 200 300 400 500

20000

25000

30000

35000

40000

45000

50000

 

 

co
un

ts

SE field step number

 SE signal in single image point

 
Fig. 1 Response function in the detector for 
increasing precession field.  
 
As a reference sample the field of a dipole 
magnet was used, which was directed parallel 

to the precession field. However, a π  flipper 
has been installed after the precession field. 
Hence, in an image position where the spin 
rotation i.e. the magnetic field integral of the 
sample matches the one of the first precession 
field a spin echo should be found. A typical 
echo function should be found when varying 
the precession field (as well as spatially along 
lines of increasing respectively decreasing field 
integrals of the projection). However, the 
results of corresponding measurements did not 
display corresponding echo functions 
(compare Fig. 2). 
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Fig. 2 Results of spin-echo-like measurements of a 
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magnetic shielding of the preliminary set-up 
used.          
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[1] N. Kardjilo
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EXPERIMENTAL REPORT Proposal N° EF/BESSY 
Collaboration 

Instrument E3 Using neutrons for non-destructive testing at 
the surface Part 1 Local Contact  

Robert C. Wimpory  

Principal Proposer: Christoph Genzel, HZB; Ingwer Denks, HZB; 
Robert C. Wimpory, HZB Date(s) of Experiment 

Experimental Team: Robert C. Wimpory, HZB 
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  Date of Report: 05/01/2009 
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Principal Proposer: Robert C. Wimpory, HZB, Andrew Venter 
(NECSA, South Africa) Date(s) of Experiment 

Experimental Team: Robert C. Wimpory, HZB 
  
  

31/10/2008 – 03/1/2008 

  Date of Report: 13/01/2009 
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Instrument V4 Installation of the new double chopper at the 
SANS instrument Local Contact  

U. Keiderling 

EF_Keiderling_V4  // cag  //  26.02.09  Seite 1 von 1 

 

Principal Proposer: U. Keiderling - HZB Berlin, Germany Date(s) of Experiment 
Experimental Team: U. Keiderling - HZB Berlin, Germany 
 S. Prévost - TU Berlin, Germany 
  

14/04/2008 – 04/05/2008
04/60/2008 – 08/06/2008
24/06/2008 – 30/06/2008

  Date of Report: 14/01/2009 
 
 
The V4 instrument has been upgraded with a 
double chopper, to create improved 
possibilities for time-resolved experiments, and 
especially to introduce the new TISANE [1] 
technique for the investigation of periodic 
processes with a time resolution in the 
microsecond range. 
 
A complex new setup was installed to integrate 
the double chopper into the existing 
experiment, in the casemate immediately in 
front of the mechanical velocity selector. A new 
sliding table now allows to remove the selector 
from the beam and to replace it with a bypass 
neutron guide, in order to perform time-
resolved measurements with the white beam. 
 
The double chopper discs feature a diameter 
of 700 mm, and 16 slits per disc. With a 
maximum speed of 12000 rpm, this allows a 
maximum beam pulse frequency of 3200 Hz 
for parallel spin directions of the discs, and a 
doubled frequency of 6400 Hz for anti-parallel 
spin directions. 
 
To provide the time synchronisation with the 
detector and the oscillating sample required for 
the TISANE technique, the double chopper 
can be either synchronized to an external 
master frequency, or serve as the master clock 
for the experiment itself. 
 
The device can be fully controlled from the 
"Caress" experiment control program. 
Extensive calibration measurements have 
been performed, in order to verify the pulsed 
beam properties that have been predicted by 
previous simulations. 
 
 
[1] A.Wiedenmann, U.Keiderling, K.Habicht, 
M.Russina, R.Gähler, Phys. Rev. Lett. 97 
(2006) 057202 
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Soon after imaging with polarised neutrons has 
been demonstrated to be a valuable tool for 
investigations of the spatial distribution of 
magnetic fields even in bulk samples [1] spin-
echo set-ups based on RF-flippers have been 
utilised for imaging experiments as well [2,3]. 
All these approaches have been based on 
polarised monochromatic incoming beams and 
required measurements with different 
wavelengths in order to provide quantitative 
results in cases of spin phase changes bigger 
than π induced in the field of the sample. Here 
a different approach similar to a preliminary 
test at the CONRAD facility described 
elsewhere in this issue. Imaging experiments 
on a reference field of a magnetic dipole have 
been carried out in the spin-echo instrument 
SPAN. For that purpose a pinhole of 1 x 1 cm2 
has been inserted before the first arm of the 
set-up and a sample position at the end but 
inside the second spin echo field has been 
introduced while a polarisation analyser (solid 
state bender) and a scintillator CCD camera 
detector have been installed right behind it. 
This way a spatial resolution of approximately 
200 μm could be achieved and images like in 
Fig. 1 where the main field component is 
parallel to the spin echo field have been 
recorded. The typical annular image structure 
caused by different numbers of multiple spin 
rotations is clearly visible. The magnet itself is 
only visible as a black area (nearly no 
transmission) in the lower right corner. Other 
structures are due to the attenuation of the 
sample holder.  
Conventional multiple spin-echo scans varying 
the precession field in the first arm of the 
spectrometer have been performed for 
different orientations of the sample. The 
wavelength chosen was 0.4 nm, however, with 
a loose resolution of app. 10% in order to 
achieve a performance superior to comparable 
earlier polarised neutron imaging experiments. 
Typically scans conveyed 60 steps on a range 
of about 12 A of the spin echo field coil. Three 

images are recorded for each step with an 
exposure time of normally 5 min each. The 
three images per step allowed for filtering of 
white spots contaminating the images owed to 
background radiation.  
 

 
Fig. 1 Typical image (3 x 5 cm2) of magnetic field of 
dipol 
 
In Fig. 2 the spin echo-signal as scanned for 
the constellation according to Fig. 1 is 
displayed for two image points with a spin 
phase difference of π. Further data analyses 
are still ongoing. 
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Fig. 2 Spin echo signal in two image point          
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For some time Fresnel diffraction has been 
accounted responsible for edge enhancement 
found in neutron imaging and high coherence 
has been suggested to be needed to achieve 
such additional contrast [1]. In analogy to 
results in x-ray imaging the effects have been 
referred to as phase contrast. However, doubts 
concerning this explanation arose due to 
actually achieved coherence conditions and 
not corresponding results [2]. In order to finally 
falsify above explanations and to verify that 
refraction and total reflection effects – which 
do not require high coherence - can be hold 
responsible for the measured edge effects a 
series of systematic measurements has been 
conducted at the CONRAD instrument. For the 
purpose a recently developed high resolution 
detector that allowed for intrinsic spatial 
resolutions of up to 40 μm could be employed. 
Several measurements with different samples 
of round and rectangular cross sections made 
of Al and Fe have been used and measured 
under various geometric conditions (Tab. 1).     
 

D [mm] L/D l [mm] d [µm] 
5 900 5, 50, 100 5, 50, 100 
10 450 5, 50, 100 10, 100, 200 
20 225 5, 50, 100 20, 200, 400 
30 150 5, 50, 100 30,300, 600 

Tab. 1 Geometric conditions of conducted radiographic 
measurements  

 
Fig. 1 Example image of a cylinder displaying 
strong edge effects despite an L/D of only 225 
 

The results prove clearly that high coherence 
is not a precondition but corresponding spatial 
resolution and geometries [2,3] (Fig.1 and 2). 
Additionally measurements at long straight 
edges could clarify the role of total reflection 
(Fig. 3) [3].  
 

 
Fig. 2 line profiles of measurements at different 
cylindrical samples (L/D=450) 
 

 
Fig. 3 13 line profiles of measurements at a long 
straight edge at different angles (increment 0.05°) 
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Recent measurements carried out at the cold 
neutron radiography and tomography 
instrument CONRAD utilizing a grating 
interferometer demonstrated the feasibility of 
efficient dark field radiography and tomography 
measurements [1]. This technique enables the 
detection and 3-dimensional visualisation of 
regions with altered scattering i.e. microscopic 
structure not amenable to conventional 
imaging. Consequently the method has a high 
potential of applications in many fields 
including material sciences.  
Measurements have been conducted at the 
CONRAD instrument equipped with the grating 
interferometer investigating several samples. 
The kind of samples exposed have been 
fatigue test specimens made of Al and Fe. Due 
to the fact that applied strain alters the 
microstructure - conventionally investigated in 
scattering experiments with no respectively 
limited spatial resolution - until material failure 
e.g. cracks occur such samples seem to be 
well suited for dark field contrast imaging 
investigations. An example of radiographic 
results on a 2024-T3 Al alloy fatigue test 
sample is presented in Fig. 1. Although no 
broad regions of altered structure around the 
designated crack region could be identified – 
most probably due to too low scattering in the 
relatively thin (5 mm) Al, microcracks in the 
corresponding area could be visualised (only) 
in the dark field image.  
 

   
Fig. 1 Dark field image of a 0.5 mm thick Al fatigue 
test sample. Right side detail displaying microcrack 
not detected with attenuation and phase contrast 
 

Other samples have been e.g. Al-Si binary 
metallic alloys castings with varying levels of 
hydrogen concentrations in the initial melts. 
Fig. 2 displays radiographies due to the three 
contrast parameters and it is obvious that 
certain structures in the sample are revealed 
only in the dark field contrast images.  
          

 
Fig. 2 Attenuation, phase and dark-field images of 
Al-Si binary castings   
 
These structures also found in the volumetric 
tomography data (Fig. 3) are assumed to be 
related to microscopic porosity which shall be 
verified by further investigations, e.g. by 
USANS.  
 

        
Fig. 3 Tomographic cross sections of attenuation 
contrast (left) and dark-field contrast (right) 
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In previous experiments (see report) the lateral 
coherence width in a high resolution double 
crystal diffractometer (DCD) was investigated by 
means of diffraction of cold neutrons (λ = 
0.533nm) by increasing thick Cu wires (40µm – 
180µm). Loss if interference fringes in the 
intensity distribution should give a hint about the 
lateral extent of the coherent neutron wave in the 
DCD. Earlier experiments have shown that a 
decrease of FWHM of the rocking curve (RC) did 
not led to an enlargement of the lateral 
coherence width [1]–[2]. The decrease of the 
Darwin width from 5.8” down to 1.6” was done 
with special seven-fold reflecting monochromator 
and analyzer crystals [3]. It is of principle interest 
to ascertain to what extent a decrease of the 
incident beam collimation (corresponding to a 
decrease of Δλ/λ) leads to a change 
(enlargement) of the (lateral) coherence length. 
For this purpose a soller collimator was placed in 
front of the Si monochromator which reduced the 
beam collimation from 0.5°down to 0.11°. A 
theoretical description for these experiments will 
be published soon. Here a short (and surprising) 
summary is given. Fig.1 shows the results for 
diffraction patterns, having a FWHM of the RC = 
2.2” and a beam collimation of 0.5°. The intensity 
pattern did not show remarkable interference 
fringes for 180µm wire thickness.  

 
Fig.1 Diffraction pattern of Cu wires divergence 
= 0.5°.  

Small fringes can be seen for 90µm and 130µm 
wire thickness (+ coatings). Fig.2 shows the 
same experiments with a reduction of the 
incident beam collimation in front of the Si 
monochromator from 0.5° to 0.11°. Interference 
fringes could be observed for 130µm + 16µm 
coating, and for the 180µm thick wire (+ 32µm 
coating) some remarkable and unique 
interference fringes could be observed. However, 
if the beam collimation alone would determine 
the coherence properties of the neutron wave 
then one should have observed much more 
pronounced interference fringes for 180µm 
thickness. Having a nearly four-fold better 
collimation, because the lateral coherence width 
should be of enlarged of the same order.  

 
Fig.2 Interference pattern due to different beam 
collimation 0.11°.  
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In SAS experiments it is assumed that the 
whole structure under investigation is 
coherently illuminated by radiation (neutron or 
x-rays). The use of a DCD as an (ultra) small 
angle scattering instrument involves the 
knowledge of the coherence properties of 
neutrons in such an instrument and is so of 
principle interest. Earlier experiments with Si 
gratings have shown for the V12b DCD a 
lateral coherence width of about 80(20) µm [1]-
[3]. Similar experiments have been performed 
by the Austrian group in Vienna and Grenoble, 
using shorter wave lengths and smaller Darwin 
widths due to different reflections [4]. At the 
HZB a series of diffraction experiments have 
been performed with cold neutrons (λ = 
0.533nm) with the V12b instrument using the 
tuneable high angular resolution of this set up. 
In order to determine the lateral coherence 
length the interference fringes were measured 
caused by different thick Cu wires. To enhance 
the diffraction effect a whole set of Cu wires, 
arranged parallel to each other, were put 
between the Si monochromator and the Si 
analyser. We used wire thickness from 40µm 
up to 180 µm, each of them was coated with a 
NHCO2 compound having different thickness 
and compositions. A detailed characterization 
for the index of refraction of this coating could 
not be found due to lack of information 
however, a nearly, for all wires, constant value 
for its index of refraction could be determined. 
A graphite monochromator (002) reflected 
neutrons to the Si monochromator (seven-fold 
(111)-reflection) which served as coherent 
source for the investigations. The measured 
intensity with the Si analyser crystal is the 
convolution of the resolution function of the 
DCD with the Cu wire diffraction pattern. For 
the first diffraction series we used an incident 
beam collimation of 0.5° and a FWHM of 1.6 
sec of arc. Fig.1and Fig.2 shows the results:  

 
Fig.1 (top) and Fig. 2: Diffraction pattern 
of different thick Cu wires, see text.  

Using thicker wires (90µm, 130µm and 180µm) 
(small) interference fringes could be observed 
until a diameter of 130µm + coating. For a wire 
thickness of 180µm only usual small angle 
scattering could be observed. From these 
measurements a lateral coherent width wc,l for 
this set up and collimation could be determined 
as wc,l > 100(30)µm .  
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For the spin analysis of diffusely scattered 
neutrons at the reflectometer V6 a two dimensional 
analyzer was built. The cross section is 50mm x 
120mm and the length is 600mm. Placed at a 
distance of 500mm behind the sample it covers an 
angular range of 6°. The transmitted intensity is 
recorded at a two-dimensional detector directly 
behind the analyzer. V6 works at a wavelength of 
4.7Ǻ. 

 
The analyzer is made up of six parallel cavities. 

Each of them consists of two parallel glass plates 
covered with a nickel layer and a diagonally 
inserted line of wafers coated with polarizing Fe-Si 
supermirrors with m=2.5.  

 
For a test the analyzer was measured at V14 with 

neutrons with a wavelength of 4.9Ǻ and a 
polarization of 98.6%, which corresponds to a 
flipping ratio of 140. The analyzer was shifted 
through the beam over the full width. Thus all six 
cavities are examined. 

 
Fig. 1 shows the neutron intensity for both spin 
components transmitted through the analyzer 
together with the flipping ratio. The data are raw 
data without any correction. We find values for the 
flipping ratio between 40 and 80. A correction to 
the incoming polarisation of 98.6% leads to values 
of 55 to 185. 
 
The analyzer was delivered to V6 and is presently 
being integrated in the experimental set up. 
 

0 5 10 15 20 25 30 35 40 45 50 55 60
0

200

400

600

800

1000

1200

Flipping ratio

 

Tr
an

sm
itt

ed
 in

te
ns

ity
 [n

eu
tr

on
s 

pe
r 1

0 
se

c]
 

Shift [mm]

 spin down
 spin up

0

20

40

60

80

100

 flipping ratio 

 
Fig. 1. Neutron intensity for both spin components 
transmitted through the analyzer described in the 
text together with the flipping ratio, showing values 
between 40 and 80 for the raw data. 

The investigations in neutron optical devices 
employing Ni-Ti layers were continued. The 
research was concerned with optimizing interfacial 
roughness, stress and neutron reflectivity of Ni -Ti 
supermirrors by variation of sputter parameters like 
pressure and flux of the working gas Ar as well as 
additional gases like nitrogen and air.  
 
At the beginning experiments were carried out with 
monochromators to characterize the basic structure 
of these multilayers. The samples were prepared 
using an in-house DC magnetron sputtering system. 
To calculate the layer thickness the supermirror-
algorithm invented by F. Mezei was used. 
Subsequently m=2 Ni-Ti supermirrors were 
produced. Measurements performed at V14 showed 
a strong dependence of the injected sputtering gas 
and the used flux. Fig 2. shows the result for an 
m=2 Ni/Ti supermirror with a reflection of approx. 
93% at the edge. 
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Fig 2: Intensity of the reflected neutron beam from 
a Ni-Ti supermirror with m=2 relative to the direct 
beam. 
 
Reference: 
 

 

26



EXPERIMENTAL REPORT Proposal N° EF 

Instrument V17 Time-of-flight Bragg edge imaging at a 
continuous neutron source Local Contact 

D. Clemens 

EF_Clemens_V17  // k.denzer  //  26.02.09  Seite 1 von 1 

 

Principal Proposer: M. Strobl, HZB and Uni Heidelberg Date(s) of Experiment 
Experimental Team: A. Hilger, HZB 
 N. Kardjilov, HZB 

 I. Manke, HZB 
T. Kandemir, HZB 

15/12/2008 – 16/12/2008
19/12/2008 – 21/12/2008

  Date of Report: 15/01/2009 
 
Energy dispersive imaging provides spatially 
resolved information on the internal crystalline 
structure of bulk samples [1,2,3]. Up to now 
efficient measurements with state-of-the-art 
spatial resolution were only possible using 
monochromatic beams achieved either by 
crystal monochromators [2] or by energy 
selectors at continuous neutron sources. 
However, with the advent of high flux pulsed 
sources and new developments in the field of 
fast imaging detectors [4] a huge efficiency 
gain of such measurements in time-of-flight 
(TOF) mode become feasible. Corresponding 
prove of principle experiments have been 
performed e.g. at ISIS [3] which were however 
due to conventional detectors not yet able to 
exploit the potential of spectroscopic 
measurements because only one wavelength 
could be recorded at a time. Due to a lack of a 
suitable detector still the same approach has 
been used in test experiments at the chopper 
spectrometer VSANS. A fast intensified 
scintillator CCD imaging detector [5] has been 
installed for that purpose at the very end of the 
VSANS detector tank approximately 30 m 
downstream the pulse shaping choppers. Only 
chopper 1, 3 and 4 have been utilised running 
at a frequency of 50 Hz and phased to achieve 
a constant wavelength resolution of about 
1.5% on a wavelength band from 3.2 to 4.8 Å 
containing the significant Bragg edge of Fe 
corresponding to the used samples. 
 

 
Fig. 1 Radiographic images of different Fe samples 
at different wavelengths measured in TOF mode 
(image area is about 5.2 x 7.5 cm2) 

st 
me of 40 min 

 
Due to the limited time for this preliminary te
measurements the exposure ti
per wavelength and the wavelength resolution 
of the detection have been rather limited. 
However, the results – even as they provide no 
sufficient signal to noise hindering high spatial 
resolution and no satisfying wavelength 
sampling increments (app. 3 %) – demonstrate 
the feasibility of such measurements at the 
beam line (Fig. 1 and Fig. 2) and can be the 
basis of considerations for chopper based TOF 
imaging allowing in contrast to pulsed sources 
for variable optimised wavelength resolution 
for specific measurements. 
Further measurements on the basis of the 
achieved results are foreseen. 
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Fig. 2 Attenuation spectra of different samples 
measured. Resolution and signal are not yet 
sufficient for spatial resolved Bragg edge analyses 

 to 
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A new time-of-flight reflectometer (V18) is 
currently under construction at the end of the 
cold neutron guide NL3b in the V-hall. The 
instrumental design is based on simulations 
carried out using the VITESS software 
package [1,2]. The basis of the instrument 
simulations are previously carried out 
simulations of the existing guide system up to 
the position of the future instrument and a 
proper definition of the source itself. The guide 
which starts with the extraction part at app. 1.5 
m from the cold source and continues through 
the rotary shutter is split from about 5 m from 
the source. The guide NL3b is the lower part of 
the guide that deviates from the upper part 
(NL3a) with a curvature (R=500m) 5m and 
ends at 27m. At that position a flux 
measurement has been conducted using an 
Au foil. Subsequently a chopper with a 
frequency of 50 Hz and a duty cycle of 1% has 
been placed at the end of the guide. Time-of-
flight spectra have been recorded utilizing He3 
detectors 3.35m downstream with 
corresponding data acquisition electronics. In 
Fig. 1 a measured spectrum is displayed. It 
clearly shows a local minimum which 
corresponds to a monochromator further 
upstream in the beam supplying the V12b 
double crystal diffractometer with the peak 
wavelength of 5.2 Å. 
 

 
Fig. 1 Time-of-flight spectrum as recorded at the 
end of the NL3b 
 

The data of both kind of measurements have 
been evaluated carefully. A total flux density of 
6 x 107 cm-2s-1 could be found from the gold foil 
measurement when taking into account the 
spectrum. The spectrum has been corrected 
for the efficiency at different wavelengths and 
then has been scaled with the result of the flux 
measurement. The resulting spectrum is given 
in Fig. 2 together with the result from a 
simulation (scaled to the same total flux). The 
obvious deviations – except for the dump 
caused by the monochromator, which has not 
been simulated - might be due to 
disalignments of guide pieces. However, the 
results of the simulations have been 
downscaled by nearly an order of magnitude. 
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Fig. 2 Comparison of measured and simulated 
spectra scaled to the measured integral flux density 
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Principal Proposer: S.-O. Seidel, O. Ebrahimi, W. Treimer, N. Karakas Date(s) of Experiment 
Experimental Team: S.-O. Seidel, TFH Berlin, FB II 
 O. Ebrahimi, TFH Berlin, FB II 
 N. Karakas, TFH Berlin, FB II 

W. Treimer, TFH Berlin, FB II and HZB 

December 2008 

  Date of Report: 13/01/2009 
 
The new set up V19 (Polarized Neutron 
Tomography = PONTO) is an instrument 
dedicated to neutron tomography with polarized 
neutrons and other sophisticated experiments on 
neutron scattering and neutron optics. It is 
situated at the Nl1b neutron guide and operates 
with wave length from 0.38 nm up to 0.43nm 
served from a graphite crystal which has a 
reflectivity of app. 80%. The instrument can be 
rotated around the monochromator and can use 
a small wavelength band around the Fe Bragg 
edge and this small rotation option opens the 
possibility to use the attenuation behavior of Fe 
around its Brag edge. Furthermore one can 
adjust the position of the detector and sample in 
a distance from 1m to 3.4m to the 
monochromator crystal. In the first operating 
position of the monochromator and the optical 
bench a wavelength λ = 0.41 nm was used. After 
the determination of spatial resolution and flux 
intensity (see report) we started with a 
tomography of some teeth that have been 
already investigated with the small tomography 
set up V12c (that has been removed). To get a 
consistent comparison we have taken the same 
2D detector facility from V12c. This consisted of 
a LiZnS scintillator (thickness 400 µm), a mirror, 
a Nikor objective and a CCD-camera with a pixel 
area of 1k*1k pixels. The teeth were recorded at 
two sample positions, 1.7m and 3.2m to get an 
information about the exposure times/view and 
resolution. Therefore two different exposure 
times, 6min and 14min, respectively, per 
projection (view) were chosen. The tomography 
contains 451 / 277 projections, dark fields and 
flat fields with the same exposure time were 
recorded. The reconstruction of the slices was 
performed with the program Octopus

®
, the 

reconstruction of the volume data with 
VGStudio2.0

®
. Fig.1-Fig.4 shows the results 

which all were quite promising. The much shorter 
distance did not lead automatically to a much 
worse volume reconstruction, which can be 
partially compensated if more projection were 
measured.  

 

Fig. 1 Radiogram of a couple of teeth 

 

Fig. 2 Reconstructed slice in x-z direction 

 
Fig. 3: Reconstructed volume, sample position 
320 cm  

 
Fig. 4: Reconstructed volume, sample 
position 170 cm  
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EXPERIMENTAL REPORT Proposal N° PHY-02-498 

Instrument E1 High field magnetic state transition in the 
frustrated kagome lattice antiferromagnets Local Contact 

V. Sikolenko 
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Principal Proposer: K. Matan, Massachusetts Institute of Technology, MA, 
USA Date(s) of Experiment 

Experimental Team: Y.S. Lee, Massachusetts Institute of Technology, MA, 
USA 

 D. Grohol, Massachusetts Institute of Technology, MA, 
USA 

 V. Sikolenko, Hahn-Meitner- Institute, Germany 

27/11/2005 – 07/12/2005

  Date of Report: January 2009 
 
Neutron scattering measurements in high 
fields were performed at E1 using VM1 magnet 
to study Fe3(OD)6(SO4)2,where A = Ag and K, 
a spin -5/2 kagome lattice antiferromagnet. Ag 
and K jarosites show three-dimensional long-
range order for temperature below TN ~ 60 K 
and 65 K, respectively. 
 
We have investigated the spin canting due to 
the Dzyaloshinskii-Moriya (DM) interaction in 
jarosite using neutron scattering measure-
ments. The in-plane component of the DM 
interaction forces the spins on a triangle to 
cant out of the kagome planes to form an 
“umbrella” structure of ferromagnetically 
aligned moments within the layers. However, 
in zero field field, the weak ferromagnetic 
interplane coupling forces the spins on the 
adjacent plane to align in such an arrangement 
that the canted moments on any two adjacent 
layers cancel out each other. In high field, the 
Zeeman energy overcomes the ferromagnetic 
inter-plane coupling causing the spins on the 
alternating layers to rotate 180◦. This 180◦ spin 
rotation flips the direction of the canted 
moment on the alternating layers causing the 
sudden increase in the magnetization at the 
critical field. This field-induced spin-canting 
transition corresponds to the non-trivial change 
in the spin-texture. In particular, the transition 
yields a net, non-zero value for the scalar 
chirality. Our elastic neutron scattering 
measurements in high magnetic field provide 
the first direct evidence of the 180◦ spin 
rotation that gives rise to the magnetic 
transition at high field in the kagome lattice 
antiferromagnet. 
 
This work was supported by the NSF under 
Grant No. DMR 0239377, and in part by the 
MRSEC program under Grant No. DMR 02-
13282 
 

 
 

 
 FIG. 1. Elastic neutron scattering measure- 
ments were performed using the triple-axis 
spectrometer E1at BENSC. 
(a) The 2θ scans at T = 3 K show two 
magnetic Bragg peaks in zero field (diamonds) 
at (1 1 3/2) and (0 1 7/2), and one magnetic 
peak in H = 14 T (squares) at (1 1 0). The 
structural peak at (1 0 4) is also denoted by the 
green arrow.  
(b) The field dependence of the (1 1 0) peak 
intensity shows the transition to the 
ferromagnetic state at high field. The inset 
shows the derivative of the intensity.   
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EXPERIMENTAL REPORT Proposal N° PHY-02-640 

Instrument E1 
Magnetic Structure of Li2ZrCuO4 

Local Contact  
Roland Schedler 

PHY-02-640  // k.denzer  //  04.03.09  Seite 1 von 1 

 

Principal Proposer: Wolfram Lorenz Date(s) of Experiment 

Experimental Team: Wolfram Lorenz, Leibnitz-Institute for Solid 
State and Materials Research (IFW) Dresden 

 Wolf-Dieter Stein, Institute for Solid State 
Physics, Technical University Dresden 

 
Roland Schedler, The Berlin Neutron 
Scattering Centre (BENSC), Hahn-Meitner-
Institute, Berlin 

18/01/2008 – 21/01/2008

  Date of Report: 15/01/2009 
 
From the structure of spin-chains of the γ-
polymorph of Li2ZrCuO4 frustrated magnetic 
interactions are expected to be introduced by 
competing interactions of the nearestneighbour 
ferromagnetic coupling and nextnearest 
neighbour antiferromagnetic coupling. For such 
coupling scheme the ratio of both interactions 
determines the ground state to be either 
ferromagnetic or helical separated by a quantum 
critical point. Our macroscopic studies of 
Li2ZrCuO4 are well described by helically 
ordered spin-chain very close to the quantum 
critical point. The magnetic properties of critical 
systems provide sensitive testing ground for 
theories of low-dimensional magnetism. To verify 
the expectation of helical ordering of this system, 
we have performed neutron powder diffraction 
experiments at E9 / BENSC. We are grateful to 
have been able to have been conceded 
additional beam time at the E1. Li2ZrCuO4 itself 
and helical magnetic structures in general are 
highly sensitive to temperature and magnetic 
fields. To investigate the behaviour of the 
expected helical structure we examined the 
dependence of the most intense magnetic 
structure reflex elastically in the 12 T cryomagnet 
(VM-2). The experiment was performed on a 
sample of compressed polycrystalline pallets (~ 
10 g) in an aluminium container with a neutron 
wavelength of λ = 2.458 Å. Data have been 
collected in zero magnetic field at temperatures 
of T =3-15 K (TN = 6.9 K). Within error bars the 
observed magnetic reflex does show no shift in 
temperature below the ordering temperature, in 
accord with comparable data taken at TOFTOF / 
FRM II. In contrast to this, at E1 we observed 
broad, but non-vanishing intensity even outside 
the magnetically ordered phase at for slightly 
lowered q-transfer. This observation is surprising, 
but can not be attributed to a background signal. 
At T = 3K andat6.7K – just below the ordering 
temperature -the magnetic field dependence of 

the reflex was examined in an applied magnetic 
field of µ0H = 0 -9 T (c.f. 1). The observed shift of 
the reflex in magnetic field supports our 
expectation of incommensurate magnetic 
ordering. The sharpening and change in intensity 
is found to not be due to field induced 
reorientation of the crystallites.  

 Fig. 1: Magnetic field dependence of the 
observed magnetic reflex shows shifting and 
sharpening for higher fields. The background 
is taken ~ (1+1/sin(2θ)). The inset shows the 
field dependence of the reflex at 3 K. The 
reflex showed non-vanishing intensity even 
outside the magnetically ordered phase.  

Altogether, we can conclude from the magnetic 
field dependence of the magnetic structure, that 
the compound is indeed likely to show helical 
magnetic ordering. To reduce the significant 
neutron absorption by the sample, utilization of 
isotope enriched 

7
Li is recommended for further 

experiments.  
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EXPERIMENTAL REPORT Proposal N° PHY-02-660 
 PHY-01-2366 

Instrument E1, E9 Neutron diffraction study of the magnetic 
structure transformation in the Y0.22Sr0.78CoO3 Local Contact  

F. Yokaichiya  

Principal Proposer: P. Sainctavit, Université Pierre et Marie Curie Date(s) of Experiment 

Experimental Team: Vadim Sikolenko, ETH Zürich and Paul 
Scherrer Institut 

 Vadim Efimov, Joint Institute for Nuclear 
Research 

26/11/2008 – 03/12/2008

  Date of Report: 12/01/2009 
 
Complex cobalt oxides with perovskite-like 
structure LnCoO3 attract a great interest 
because of unusual magnetic and 
magnetoresistive properties. Trivalent cobalt 
exhibit unique electronic phases characterized 
by interplay between nearly degenerate spin 
states. Recently cobaltites Y1-x(Ca,Sr)xCoO3 
with a new type of layer ordering have been 
syntesized [1-4]. Substitution Sr by Y leads to 
decreasing of Co-O distances and to formation 
a new structure.  We chose the concentration 
of yttrium 0.22 because this composition 
exhibits the highest ferromagnetic moment and 
the Curie temperature within Y1-xSrxCoO3 
series. Doping with calcium ions stabilizes the 
ferromagnetic component and then suppress 
it.  
 
We used E9 diffractometer in order to refine 
the structure and E1 spectrometer to detail 
study of the temperature dependence of 
magnetic contribution in some particular 
reflexions. 
 
The neutron diffraction spectra are preferable 
described in the frame of orthorhombic, than a 
tetragonal structure (space group P n m a) as 
a double perovskite (a ~ 2 x 21/2 x ap, b ~ 2 x bp 
and c ~ 21/2 x ap) At the temperatures close to 
Curie point a monoclinic distortions have been 
observed (see Fig.1).  
 
Both samples (with calcium concentration 0.1 
and without calcium) exhibit ferromagnetic 
components. The temperature behaviour of 
reflexions with magnetic contribution are 
similar to those observed in [5,6] in the 
samples with neodymium substitution. The 
magnetic moment of cobalt directs along c-
axis.  
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Fig.1. Part of the diffraction pattern, collected 
at the E9 spectrometer at different 
temperatures. The reflexion at 25 degree has a 
magnetic contribution 
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EXPERIMENTAL REPORT Proposal N° PHY-02-687 

Instrument E1 Bulk moduli of molecule based magnets: 
(5MAP)_2CuBr_4 and Cu Pyrimidine Local Contact  

Karel Prokes 
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Principal Proposer: Stefan Süllow, TU Braunschweig Date(s) of Experiment 
Experimental Team: Dirk Schulze Grachtrup, TU Braunschweig 
 Karel Prokes, BENSC 
 Norbert Stüßer, BENSC 

11/12/2008 – 15/12/2008

  Date of Report: 14/01/2009 
 
Recently, it was demonstrated that the pres-
sure dependence of the structural and magne-
tic properties of molecule based magnetic ma-
terials can be predicted by state-of-the-art ab-
initio electronic structure calculations with good 
accuracy [1]. Based on these studies addition-
nal calculations have been carried out for 
related materials and which now should be 
checked by experiment [2].  
One of the materials under consideration, Cu 
Pyrimidine Cu(C4N2H4)(NO3)2(H2O)2, previous-
ly has been characterized as S=1/2 staggered 
antiferromagnetic Heisenberg chain crystal-
lizing in a monoclinic structure (space group 
C2/c, lattice parameters a=12.14Å, b=11.44Å, 
c=7.46Å, β=113.8° at 10K) [3]. For this mate-
rial corresponding calculations regarding struc-
tural pressure effects have been carried out. 
These calculations predict a bulk modulus of 
9.1GPa and a reduction of the lattice constants 
between 2% and 9%, depending on the 
crystallographic axis [2]. 
Originally, the scope of the experiment was to 
verify the calculations for bulk modulus and 
reduction of lattice constants for two materials, 
Cu(C4N2H4)(NO3)2(H2O)2 and (5MAP)2CuBr4, 
using the E6 spectrometer to measure the 
lattice constants at ambient pressure and an 
applied pressure of ~10kbar. For technical 
reasons, the experiment had to be shifted to 
the E1 spectrometer and limited to measure-
ments for only Cu Pyrimdine. As a result, the 
experiment represents a feasibility study for 
such kind of experiments at E1. 
The main result of the study is the neutron 
diffraction spectrum shown in Fig. 1. This 
spectrum was taken in a pressure cell filled 
with ~90mm³ of Cu Pyrimidine powder at a 
pressure of 7kbar and a temperature of 2K 
(diameter of sample space in pressure cell 
~2.7mm). The measured angles were chosen 
in such a way that at least main 6 Bragg peaks 
should be accessible to allow a lattice parame-
ter refinement. The measurement time was 
about 40 minutes per point for 3 different 
rotation angles (OMGS) of the cryostat, 

summing up to a total measurement time of 2h 
per point. 

 
Fig. 1: Neutron diffraction spectrum for Cu 
Pyrimidine at 2K measured in a pressure cell 
with an applied pressure of  7kbar. 
 
The spectrum in Fig. 1 shows one peak at 
~36° (expected to be the [-1 1 2] and [3 1 0] 
peaks). At additional peaks can be guessed at 
~30°, ~34°, ~39° and ~40°. Only, the low 
signal-to-noise ratio prevents a lattice 
parameter refinement of the data. Therefore, 
up to this point the predictions of the ab-initio 
calculations could not be verified. 
Concerning the issue of feasibility of such kind 
of experiments at the E1, increasing the 
sample volume (pressure cell with 6 mm 
sample space) appears necessary.  
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EXPERIMENTAL REPORT Proposal N° PHY-01-2025 

Instrument E2 Static magnetic and structural properties of the 
diamond spin chain azurite Local Contact  

Jens-Uwe-Hoffmann 
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Principal Proposer: Steffan Süllow, TU Braunschweig Date(s) of Experiment 
Experimental Team: Steffan Süllow, TU Braunschweig 
 Clare Gibson, HMI 
 Jens-Uwe-Hoffmann, HMI 

28/04/2008 – 04/05/2008

  Date of Report: 14/01/2009 
 
Recently, the observation of a 1/3 magnetiza-
tion plateau in azurite Cu3(CO3)2(OH)2 led to 
the proposal, that this material represents the 
first realization of a diamond chain of coupled 
S = ½ spins [1]. In its most general form, the 
distorted diamond chain, the model consists of 
spin triangles arranged in chain structures, 
with a magnetic coupling of the diamond back-
bone J2, and the monomer couplings J1 and J3 
along the chain, with J1 ≠ J2 ≠ J3. Key aspects 
of recent investigations on azurite concerned 
size and type of these magnetic exchange 
couplings, and the nature of the plateau phase 
[1-3]. Surprisingly, a seemingly more trivial as-
pect, the nature of the phase transition occur-
ring at TN = 1.9K in zero magnetic field, has 
been studied only superficially. In this situation, 
we have started an investigation of the second 
order phase transition of azurite by means of 
single crystal neutron diffraction. 
The experiment was carried out using the flat-
cone diffractometer, E2, at BENSC. The single 
crystal of azurite was aligned in the a*b*-plane 
and inserted into an orange cryostat. Measure-
ments were taken at 1.4 K and 2.5 K to be 
certain that the sample was either below or 
above TN, respectively. The neutron wave-
length was fixed at 2.40Å to ensure greatest 
resolution from the thermal neutrons. 
Sharp reflections were observed at each of the 
expected structural reciprocal lattice vectors 
for azurite. Furthermore, additional weak re-
flections were also observed in the low tempe-
rature data set and can be seen in Fig. 1 (high-
lighted by the red circle). These low temperatu- 
re peaks confirm the long range antiferromag-
netic order of azurite, and which has previously 
not been observed with neutrons scattering. 
The propagation vector that best describes 
these magnetic reflections is (½ ½ ¼). 
Presently, based on these data further analysis 
is underway to fully refine the magnetic 
structure of azurite. 
 
 
 

 

 
Fig. 1: The diffraction pattern of azurite, 
measured at 1.4K using the flat cone 
diffractometer E2 at BENSC. Due to the 2D 
position sensitive detectors of E2 we were also 
able to observe scattering in the c* direction. A 
magnetic peak with a propagation vector (½ ½ 
¼), highlighted by the red circle, is clearly 
visible.  
 
 
 
 
 
 
 
 
 
 
 
 
[1] H. Kikuchi et al., Phys. Rev. Lett. 94, 
227201 (2005). 
[2] B. Gu, and G. Su, Phys. Rev. Lett. 97, 
089701 (2006). 
[3] K.C. Rule et al., Phys. Rev. Lett. 100, 
117202 (2008). 
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EXPERIMENTAL REPORT Proposal N° PHY-01-2030 

Instrument E2 Field-dependence of magnetic order in an 
Ising magnet in transverse field Local Contact  

Jens-Uwe Hoffmann 
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Principal Proposer: R. Coldea, University of Bristol, UK Date(s) of Experiment 
Experimental Team: G.L. Pascut, University of Bristol, UK 
 R. Coldea, University of Bristol, UK 

 J.U. Hoffmann, B. Kemke, K. Kiefer, 
S. Gerischer, BENSC 

30/06/2008 – 10/07/2008

  Date of Report: 15/01/2008 
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EXPERIMENTAL REPORT Proposal N° PHY-01-2100 

Instrument E2 
Crystalline and magnetic structure of mixed 

Tb_{1-x}Bi_xMnO_{3+\delta} multiferroic material
Local Contact  
Jens-Uwe Hoffmann 
  

Principal Proposer: 
Golosovskiy Igor, Petersburg Nuclear Physics 
Institute RAS,188300 Gatchina, St. Petersburg, 
Russia 

Date(s) of Experiment 

Experimental Team: Vakhrushev Sergey, Ioffe PTI RAS, St. Petersburg, 
Russia 

 Jens-Uwe Hoffmann, HMI, Berlin 
  

26/06/2008 – 30/06/2008

  Date of Report: 14/01/2009 
 
Neutron diffraction experiments with the doped 
multiferroic Tb0.95Bi0.05MnO3 showed the next 
principal results: 

PHY-01-2100  // k.denzer  //  02.02.09  Seite 1 von 1 

1. In contrast with undoped TbMnO3 starting 
from room temperature the ferromagnetic 
moments with components: Tbx Tbz and Mnx 
(with opposite direction of Tbx) was observed 
down to 5 K. The initial magnetisation leads to 
strong texture at the application of the external 
magnetic field 5T. About 10% of material 
remains non-textured. Magnetic behaviour in 
this part differs from the dominant portion.  
2. At about 43 K the spiral component of Mny 
with the propagation vector k = [0 0.283 0] 
appears, the latter weakly changes with 
temperature.  
3. At about 28 K (temperature of ferroelectric 
transition) the magnetic components Mnz and 
Tbx (the latter is induced) appears (see figure 
below). Total magnetic structure corresponds 
to the A antiferromagnetic mode. 

4. The intrinsic helical order of Tb with a new 
propagation vector [0 0.431(5) 0] 
appears below about 10 K via a strong short 
ordering, simultaneously with "ordered 
moment" within G antiferromagnetic structure 
(see figure below). The last one has a 
correlation length of about 90(10) Å. 

 

 
5. The structural instability was observed in 
the temperature dependence of the unit cell 
parameters in the range of 100-150 K. (see 
figure below: lattice parameters a and b).This 
instability disappeared after an application of 
the magnetic field of 5T. Helix parameters 
remain unchanged; however ferrimagnetic 
moments appeared aligned along y-axis. 
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These results are fully consistent with the 
results of the magnetic resonant scattering 
experiments at the single crystal sample 
conducted at BESSY. The paper combining 
results from BENSC and BESSY is in 
progress. 
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EXPERIMENTAL REPORT Proposal N° PHY-01-2110 

Instrument E2 

Magnetic and crystal structure of Ho3Pd4Ge4 Local Contact 
O. Prokhnenko 
J. Hoffmann  

Principal Proposer: L. Gondek, AGH. University of Science and 
Technology 

Date(s) of Experiment 

Experimental Team: O. Prokhnenko, BENSC 
 J. Hoffmann, BENSC 
  

18/06/2008 – 24/06/2008

  Date of Report: 14/01/2009 
 
The performed experiment on Ho3Pd4Ge4 is 
a continuation of our previous studies on
344 compounds.  
 
The experiment was intended to be 
performed on E9 diffractometer, however 
due to its overloading; it was shifted to E2 
apparatus. Measurements performed during 
experiment revealed that both rare earth 
sublattices exhibit complicated magnetic 
ordering resulting with a large number of 
magnetic reflections below the ordering 
temperature. The ordering temperature was 
estimated to be about 6.8 K. Additional 
transitions can be recognised at temperatures 
of 2 and 6 K.  
 
In those temperatures additional reflections 
of magnetic origin vanishes. From this point 
of view the performed experiment was 
successful; it was possible to evidence 
multiple magnetic transitions. However, the 
low resolution of the E2 diffractometer as 
well as problems with detectors and soft 
ware make numerical analyse of the 
collected data very difficult.  
 
It must be emphasised, that this experiment 
was the first one running after rebuilding of 
the E2 detector, so the problems encouraged 
during processing the data are hardly 
solvable. In present, according to preliminary 
data taken at E6 diffractometer an effort is 
made to make some rescaling of the collected 
data in order to enable reliable numerical 
refinements.    
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EXPERIMENTAL REPORT Proposal N° PHY-01-2190 

Instrument E2 Diffuse scattering in the paramagnetic regime 
of CeRhIn5 Local Contact  

J.-U. Hoffmann 

PHY-01-2190  // k.denzer  //  16.02.09  Seite 1 von 1 

 

Principal Proposer: O. Stockert, Max-Planck-Institut CPfS Dresden Date(s) of Experiment 
Experimental Team: O. Stockert, Max-Planck-Institut CPfS Dresden 
 J.-U. Hoffmann, HMI Berlin 
  

03/03/2008 – 12/03/2008

  Date of Report: 09/01/2009 
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EXPERIMENTAL REPORT Proposal N° PHY-01-2341 

Instrument E2 Magnetoelectric correlations in multiferroic 
ErMnO3 Local Contact  

Jens Uwe Hoffmann 
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Principal Proposer: Manfred Fiebig, Uni Bonn, HISKP  Date(s) of Experiment 
Experimental Team: M. Fiebig, Uni Bonn, HISKP  
 D. Meier, Uni Bonn, HISKP 
 J.- U. Hoffmann, HZ Berlin 

18/08/2008 – 25/08/2008

  Date of Report: January 2009 
 
In our experiment the competition of the magnetic 3d 
and 4f sublattices of hexagonal ErMnO3 and their impact 
on the microscopy of magnetoelectric interactions in this 
system were investigated. For this purpose, 
measurements were performed using an Orange Cryostat 
in combination with a He3/He4 dilution stick at E2. This 
enabled measurements down to 30 mK, where ErMnO3 
is fully ordered, exhibiting ferroelectricity, 
antiferromagnetic Mn3+ ordering and magnetic ordering 
at the two Er3+ sites. 
 
Use of the flat cone geometry allowed full scans of the 
(h0l)-plane at different temperatures, which reveals the 
symmetry of the different ordered phases. In addition, 
the intensity of certain reflexes giving access to specific 
aspects of the multiple order, was traced between 3 mK 
and 80 K. 
 
A detailed quantitative analysis of the data is still in 
progress. However, important questions about the rare-
earth ordering in hexagonal RMnO3 can already be 
answered: Figure 1 shows the intensity of the (301)-
reflex probing the rare-earth ordering on the 2a-site as 
function of temperature. In ErMnO3 as a representative 
for all RMnO3 compounds with a R-ion smaller than 
Ho3+ (Er, Tm, Yb), this reflex appears below the Néel 
temperature TN and saturates (figure 1, left panel). Thus 
the onset of ferromagnetic order on the 2a-site coincides 
with TN. For HoMnO3 a completely different behaviour 
was observed by T. Lonkai [1]. Here the 2a-ordering 
evolves far below TN=76 K and discontinuities due to 
reordering are detected as the temperature is lowered 
(figure 2, right panel). 

 
Figure 1: Temperature dependence of the (301)-reflex in 
ErMnO3 and HoMnO3. The reflex probes the ordering of 
the rare-earth moments at the 2a-site. HoMnO3 data from 
[1]. 
 

Furthermore, observation of an upcoming (001)-reflex 
below TN points to a z-component supplementing the 
Mn3+ order in the basal xy-plane (presented in figure 2). 

 
Figure 2: I001(T), indicating a z-component of the Mn3+ 
order below TN. 
 
This observation of a Mn(z) component and a tendency 
for ferromagnetic Er3+ order right below TN are 
incompatible with the previously assumed P63cm 
symmetry of the system and indicates symmetry 
reduction due to unexpectedly pronounced coupling 
between Mn3+

, Er3+ and ferroelectric order. 
 
Further experiments on hexagonal DyMnO3 will allow to 
extend our model about the magnetoelectric behaviour of 
hexagonal rare-earth manganites to cases with larger R-
ions than Ho3+. With HoMnO3 playing the role of a 
borderline compound of the series, DyMnO3 is a key 
compound to further expand investigations on the 
competing interactions in hexagonal RMnO3. 
 
Reference 
 
1. T. Lonkai: Electric and Magnetic Order Parameters 
in the Multiferroic Hexagonal RMnO3     System, PhD 
thesis (Universität of Tübingen, 2003) 
 
 

42



EXPERIMENTAL REPORT Proposal N° PHY-01-2342
Instrument E2 Magnetic structure of Ce2PdSi3 and 

Dy2PdSi3 Local Contact  
J.-U. Hoffmann 

PHY-01-2342  // Matthias Frontzek  //  02.02.09  Seite 1 von 1 

 

Principal Proposer: W.-D. Stein, IFP, TU Dresden Date(s) of Experiment 
Experimental Team: M. Frontzek, IFP, TU Dresden
 J.-U. Hoffmann, BENSC 
 A. Hoser, BENSC 

08/07/2008 – 13/07/2008
22/07/2008 – 28/07/2008 

  Date of Report: 03/12/2008 
 
The magnetic structures of the hexagonal 
R2PdSi3 (R = Ho, Tb, Er, Tm) have been 
successfully determined on the “old” E2 
spectrometer which had been shown to be 
ideally suited for this task (see for instance [1, 
2]). Here, the determination of the zero field 
magnetic structure on two other R2PdSi3 
(R = Ce, Dy) compounds in a diffraction 
experiment on the “new” E2 is presented. 
Single crystals of these compounds became 
available recently and we conducted the 
experiment on a Ce2PdSi3 (TN = 3 K) crystal 
and two Dy2PdSi3 (TN = 8 K) single crystals. 
The Dy2PdSi3  single crystals were prepared as 
small rods and mounted with their respective 
axis perpendicular to the scattering plane to 
minimize absorption effects. 
The experiment used a standard orange type 
cryostat, the PG monochromator, additional 
graphite filters and 15 min collimation. Each 
sample was measured both in (HK0) and 
(HHL) scattering geometry. 
The measurement on Dy2PdSi3 yielded a 
commensurate antiferromagnetic structure. The 
magnetic reflections can be indexed (1/6, 1/6, 
1/24) and (1/6, 1/6, 1/12). Reflections are 
found also on two times of these values.  
The measurement on Ce2PdSi3 at base 
temperature had very low intensity due to 
magnetic scattering, due to a small ordered 
moment and the vicinity to the Néel 
temperature. Figure 1 shows the reciprocal 
(HK0)-plane of Ce2PdSi3. The nuclear 
reflection (2) at the position (1.25, 0.75, 0.125) 
originates from a crystallographic 
superstructure which is found in the whole 
series [2]. The magnetic reflections are not 
located in the scattering plane but have an 
additional L-component. The values of the 
direction perpendicular to the scattering plane 
(i. e. L values in (HK0) geometry) could be 
retrieved directly from the position on the area 

detector. The reflections are found on positions 
(0.22, 0, 0.2) (A), (0.025, 0.15 0.2) (B) and 
(-0.35, 1, 0.1) (C). The six-fold symmetry 
generates intensity on equivalent positions as 
well. 

 

Figure 1: Reciprocal (HK0)-plane of Ce2PdSi3 
at T = 2 K. The plane is derived from the 
integration of the whole detector height. Two 
arrows indicate 1/6 of the plane defined by 
reciprocal lattice directions. Within three black 
circles (1-3) mark intensity due to nuclear 
scattering. The coloured circles (A-C) mark 
intensity due to magnetic scattering (see text). 
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The added resolution in the out-of scattering 
plane component on the “new” E2 simplified 
the characterisation of these complex multi-τ 
structures. We gratefully acknowledge the 
financial and technical support from the HZ, 
Berlin.  
[1] M. Frontzek, A. Kreyssig, E. Faulhaber, J.-U. 
Hoffmann, HMI Exp. Report PHY-01-1747 (2005) 
[2] M. Frontzek, S. Raasch, T. Lonkai, HMI Exp. 
Report PHY-01-1548 (2004) 

43



EXPERIMENTAL REPORT Proposal N° PHY-01-2350
Instrument E2 

 

Satellite scattering in multiferroic LuFe2O4 Local Contact  
Jens-Uwe Hoffmann 
 

Principal Proposer: Annemieke Mulders, Curtin University of Technology Date(s) of Experiment 
Experimental Team: Shane Lawrence, Curtin University of Technology 

 
Annemieke Mulders, Curtin University of Technology 
Jens-Uwe Hoffmann, BENSC 
Klaus Kiefer, BENSC 

15/12/2008 – 21/12/2008

  Date of Report: 14/01/2009 
 
Magnetoelectric multiferroics are of significant 
interest as they are materials with simultaneous 
electric and magnetic order. Within this class of 
materials there is the potential for strong coupling 
between the electric and magnetic degrees of 
freedom.  LuFe2O4 is an electronic ferroelectric that 
has a hexagonal layered structure composed of FeO 
bilayers separated by single layers of LuO, with the 
Fe occupying the sites of a triangular lattice within 
each bilayer. A simultaneously frustrated 
ferroelectric and ferrimagnetic phase exists below 
~250 K [1].  This frustrated order is characterised by 
both diffuse rods along the c*-axis at (H/3, H/3, L) 
and discrete diffraction spots characterized by the 
incommensurate propagation vector (1/3 + δ, 1/3 + 
δ, 3/2). Recent work suggests that LuFe2O4 becomes 
ferroelectric under an applied electric field and is 
antiferroelectric without an applied electric field [2].  
This contradicts results from resonant x-ray 
diffraction [3].  Latest calculations suggest that 
under an applied electric field the charge order 
propagation vector becomes commensurate [4].  In 
such a case the magnetic structure is also expected to 
become commensurate. 

In this experiment we record the magnetic structure 
as a function of applied electric field.  A crystal of 
LuFe2O4 was aligned with the (110) and (001) 
directions oriented in the horizontal plane and 
mounted between electrodes such that the applied 
electric field was parallel to the c-axis.  Regions of 
the (HHL) plane containing portions of the (1/3 1/3 
L) and (2/3 2/3 L) rods were collected as a function 
of applied electric field and temperature. 

PHY-01-2350  // k.denzer  //  02.02.09  Seite 1 von 1 

Figure 1 compares the magnetic neutron scattering at 
180 K integrated along the (1 -1 0) direction after 
cooling in zero electric field (Fig 1a), and after 
cooling in an applied electric field of 4kV/cm (Fig 
1b).  A difference in intensity due to a change in 
domain population is observed.  Additional data was 
collected in zero field as well as instantaneous 
positive and negative fields at temperatures below 
the magnetic transition temperature.  Further 
analysis of these datasets is required in order to 
determine the influence of the applied electric field. 

(a)      

(b)  
 

Figure 1:  Preliminary plots of scattering intensity 
along the (1/3 1/3 L) rod at 180 K after being cooled in 
(a) zero applied field and, (b) an applied electric field 
of 4 kV/cm. 
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The temperature evolution of the crystal structure 
of the Ni-Mn-Ga based magnetic shape memory 
alloys had been a topic of severe discussion over 
the last years, producing a bunch of publications 
based on the experimental and ab-initio theoretical 
studies, often with contradictory results. However, 
this subject is of particular importance, both for the 
fundamental and applied points, due to high 
technological potential of such multifunctional 
alloys. Thus, we aimed our studies to resolve the 
conflicts and clarify the crystal structure of the 
martensite in Ni2-Mn-Ga-(Cu, Fe) alloys [1,2] by 
means of neutron powder thermodiffracto-metry. 
Experiment: For the experimental studies with E2 
diffractometer at λ=0.24nm, powder specimens 
were prepared from highly homogeneous Ni-Mn-
Ga-(Fe,Cu) alloys by high impact ball milling, 
followed with 8000C annealing in argon atmosphere 
to remove stresses and defects introduced to the 
material. Measurements were performed during 
cooling and heating cycles, using the Orange 
Cryofurnace. 
Results: Even from the draft analysis and 
comparison of the obtained diffraction patterns vs. 
temperature (see e.g. Fig.1 for heating cycle from 
20K) we conclude the notable changes in the peak 
profiles. Thus, while the crystal structure is 
conserved in general over the entire temperature 
interval of the martensite phase existence, the 
strong changes in the (020) and (211) and smaller 
satellite peaks are most probably caused by the 
staking faults, forming the short range order along 
[010] direction. This is due to the anisotropic 
temperature dependence of the martensite lattice 
parameters [3], and thus – changes of the energy of 
the staking faults, which is already very low in the 
martensite phase of the material. Such changes in 
the crystal structure affect the microstructure of the 
martensite as well, having the hierarchical twinning 
morphology from the nanometer up to millimeter 
scale. Such changes in the defect structure of the 
martensite, affecting the microstructural level, 
obviously bring up changes in the transport 
(magnetic, electric etc.) which are often mistakenly 
considered in literature as signs of the 
intermartensitic phase transitions [4]. 

The most notable changes for this alloy in the 
martensitic phase occur at T~100K and ~260K, 
corresponding to the temperatures determined by 
low-field magnetic susceptibility methods in studies 
performed preliminary to this diffraction 
experiment. 

Secondly, for the first time in this alloy system, 
the experimental evidence of the antiferromagnetic 
order is observed (Fig.1). The AFM phase co-exist 
with ferromagnetic order in below T~100K. 
 

 

Fig.1. Powder diffraction pattern evolution of the 
Ni-Mn-Ga-Cu(2.7at.%) alloy with temperature. 
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    The spin frustration in perovskite manganites 
RMnO3 leads to complex arrangements of magnetic 
moments that can break inversion symmetry and 
cause the coexistence and coupling between 
ferrolectricity and magnetism [1]. The magnetic 
ordering of TbMnO3 exhibits three transitions. The 
Mn-spins order occurs at TMn = 41 K like a 
longitudinal spin density wave with propagation 
vector τ along crystal b-direction, τMn = 0.27 b*. 
The ferroelectric transition occurs at TFE = 28K 
when the Mn-spins develop a cycloidal order. The 
Tb-spins order independently with τTb = 0.42 b* at 
TTb = 7K [2]. The transitions are detected by a set 
of (0 k ± τMn, Tb l) neutron reflections satellites 
below the transition temperatures. 
    Recently, the bulk magnetic properties of 
TbMnO3 were studied under pressure. The critical 
fields of metamagnetic transitions at 5 K observed 
with field along b-axis are affected by external 
pressure, Fig. 1, showing that the reversals of the 
Tb-moments and the accompanied flop of electric 
polarization between c- and a-axis are volume 
sensitive [3].  

The E4 diffractometer with the HM3 cryo-
magnet and the CuBe pressure cells were used to 
determine a volume sensitivity of the Tb- and Mn-
spins arrangements in TbMnO3. The single crystal 
was compressed in the pressure cell up to 10 kbar at 
horizontal magnetic field along the b-axis up to 
6.5 T at temperatures from 60 K down to 2 K. 
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Fig.1: Magnetization isotherms of TbMnO3 with H // 
b-axis under hydrostatic pressure.  

     The experiment configuration (with the crystal a-
axis parallel to the axis of the E4 diffractometer and 
the b-axis along the horizontal field) allows to 
detect magnetic reflections with the lowest index 
(0 0± τMn 1) and (0 0± τTb 1) only. The propagation 
of both, the Tb- and the Mn-spins order, along the 
b-direction showing the most pronounced effects in 
the bulk magnetization was clearly confirmed with 
τMn = 0.28 b*

  and  τTb = 0.42 b*.  
     The magnetic field evolution of the reflections 
up to 6.5 T at 2 K has revealed a stability of the 
Mn-spins arrangement with the field insensitive 
propagation vector τMn in this temperature range. 
However, the propagation vector τTb decreases 
substantially from the value τTb = 0.42 b* to the 
value τTb = 0.33 b* at magnetic fields where a 
magnetization plateau was observed in the bulk 
magnetic measurement (see Fig.1). The further 
decrease of τTb to the value τTb = 0.25 b* was 
observed at fields above the second metamagnetic 
transition. This seems to be a tangible evidence of 
the dominant role of the Tb-spins order in the 
metamagnetic transitions at temperatures below 
TTb.  
    In agreement with the mentioned bulk 
magnetization measurements under high pressures, 
the pressure induced changes of both the 
propagation vectors have been revealed.  

The further analysis of the received diffraction 
data is running.  
 
     This project has been supported by EC under 6th 
FP, Contract n°: RII3-CT-2003-505925 (NMI 3). 
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  Delafossite compound CuFeO2 (CFO) has attracted 
increasing interest as a new class of magnetoelectric 
(ME) multiferroic, because of the recent discovery of the 
ferroelectricity in the first magnetic-field-induced 
phase.[1] Unlike the well-studied ME-multiferroics with 
the ‘cycloid-type’ magnetic orderings (such as TbMnO3), 
CFO shows a ‘proper-screw type’ magnetic order with a 
incommensurate wave vector (q,q,3/2) where q~0.203 in 
the ferroelectric phase.[2] In addition, the previous po-
larized neutron diffraction study on CFAO(x=0.02) have 
revealed that there is a one-to-one correspondence be-
tween the spin helicity, right-handed (RH) or left-handed 
(LH) helical arrangement of the spins, and the polarity of  
the induced ferroelectric polarization. This suggests that 
the origin of the ferroelectricity in this system is not the 
‘spin-current model’,[3] but the ‘d-p hybridization 
model’ proposed by Arima.[4] 
  One of the unsolved problems of the multiferroic prop-
erty in this system is the magnitude of the macroscopic 
ferroelectric polarization (P); the previously reported 
values of P in CFO,[1] CFAO[5] and CFGO[6] are 
rather different from each other (these values span the 
range from 40μC/m2 in CFAO to 400μC/m2 in pure 
CFO). In order to completely elucidate the spin-
polarization coupling in CFO system, it is critical to 
answer the following question: "What determines the 
magnitude of P in this system?".  
  In the present study, we performed polarized neutron 
diffraction measurements and in-situ pyroelectric meas-
urements on CFGO(x=0.035), which undergoes the 
ferroelectric transition at Tc~8K under zero magnetic 
field, at the two-axis neutron diffractometer E4 installed 
at the Berlin Neutron Scattering Center. Spin polarized 
incident neutrons with wavelength of 2.44 Å were ob-
tained by a pyrolytic graphite (002) monochromator and 
a supermirror polarizer. The flipping ratio of the polar-
ized neutron beam was ~8.3. The polarization vector of 
the incident neutron was set to be parallel or antiparallel 
to the scattering vector by a guide-field of a helmholtz 
coil and a spin flipper. The sample was cut into a thin 
plate shape (6*10*1mm3) with the widest surfaces nor-
mal to the hexagonal [110] axis, and was mounted in a 
pumped 4He cryostat with a hexagonal (H,H,L) scatter-
ing plane. 
  Figures 1(a)-1(b) show the poling electric field (Ep) 
dependence of the asymmetry in the fractions of the LH 
and RH helical orderings, D(110)=(VLH-VRH)/(VLH+VRH) 
deduced from the results of the polarized neutron diffrac-
tion measurements, and P obtained the pyroelectric 
measurements, respectively. Taking account of the exis-
tence of the three magnetic domains originated from the 

three-fold rotational symmetry of the crystal, (see the 
inset of Fig. 1(b)) we performed a least-square fitting 
analysis of the Ep-dependence of P, using the observed 
values of D(110). As shown in Fig. 1(b), the calculated 
and observed values of P show a good agreement. From 
the result of the analysis, the magnitude of the local 
ferroelectric polarization (P0) in CFGO (x=0.035) was 
determined to be ~550μC/m2. This indicates that 
CFGO(x=0.035) can achieve the ferroelectric polariza-
tion comparable to the typical values of P in pure CFO. 
  From these results, we conclude that the substitution of 
a small amount of nonmagnetic Ga3+ (or Al3+) ions does 
not largely change the magnitude of the local ferroelec-
tric polarization, but reduces the sensitivity of P to Ep. 
  

 
Fig. 1: The Ep-dependences of (a) D(110) in the (110)-domain, 
(b) the observed and calculated values of P in CFGO(x=0.035) 
at T=2.0K. The solid lines are guides to the eyes, which are 
drawn so as to be symmetric. The inset shows the schematic 
drawing of the distributions of the three magnetic domains. 
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RCrSb3 has a quasi 2 D structure, space group 
Pbcm, with layers of RSb and CrSb2 stacked along 
a axis. It displays variety of interesting magnetic 
phenomenon due to interaction of 4f moments of 
rare earth ion and 3d moments of Cr ions. The 
neutron diffraction work on LaCrSb3 [1] shows 
enhancement in intensities for (100), (020) and 
(002) reflections indicating ferromagnetic (FM) 
nature of ordering.  The temperature dependence 
of (100) reflection gives TC of 126 K in LaCrSb3 
identified with FM ordering of Cr spins. Also there’s 
coexistence of orthogonal FM and 
antiferromagnetic (AFM) spin sublattices. A spin 
reorientation transition in bc place for both 
sublattices is seen at TSr = 95 K The FM moment 
on Cr is 1.64 μB/f.u. at 10 K which is in fair 
agreement with the magnetization data.  

B

The next member of the series, CeCrSb3 offers an 
opportunity to study the above unusual magnetism 
of Cr in presence of a correlated ion Ce. We grew 
single crystals of CeCrSb3 by flux method. Cr 
orders FM at 115 K in CeCrSb3 but we don’t 
observe any further sharp changes in 
magnetization to indicate ordering for Ce moments. 
The isothermal magnetization measurements show 
higher value of saturation moments at 2 K as that 
compared to of LaCrSb3.  
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This suggests a possiblity that Ce may be carrying 
some moment, but the nature of ordering of Ce 
moments was not clear by any of the bulk 
measurements [2].  
The neutron diffraction experiment was done at 
HMI on CeCrSb3 single crystal sample. The (100) 
reflection shows large enhancement in intensity on 
lowering of temperature. The temperature 
dependence of (100) shown in Fig.1 indicate TC of 
117 K, which is in agreement with the 
magnetization data. (002) and (020) show marginal 
increase in intensity with lowering of temperature 
indicating that orientation of moments is in bc 
plane. The data at 20K was refined with moment on 
the Cr site alone. Figure 2 shows the reasonable 
agreement between observed and calculated 
intensities. We obtain MB = 1.6 μB B  and MC = .6 μB. 
The values are close to that obtained from 
isothermal magnetization measurements for 20 K. 
The FM moments and their orientations obtained 
for CeCrSb3 is similar to that reported for LaCrSb3. 
From this we infer that down to 20K Cr moments on 
CeCrSb3 and LaCrSb3 behave identically. On 
lowering the temperature further below 20K, we 
expect the Ce moments to order. This part of 
analysis with Ce and Cr moments together and 
further measurements are in progress. 
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  Delafossite compound CuFeO2 (CFO) has attracted 
increasing interest as a new class of magnetoelectric 
(ME) multiferroic, because of the recent discovery of the 
ferroelectricity in the first magnetic-field-induced 
phase.[1] The magnetic structure in the ferroelectric 
phase was determined to be a ‘proper-screw type’ mag-
netic structure with a incommensurate wave vector 
(q,q,3/2) where q~0.207.[2] This suggests that the origin 
of the ferroelectricity in this system is not the ‘spin-
current model’,[3] which successfully explains the ferro-
electricity in ‘cycloid type’ ferroelectric helimagnets, 
such as TbMnO3.  
  Recently, Arima has proposed that the variation in the 
d-p hybridization with spin-orbit coupling is relevant to 
the ferroelectricity in CFO system.[4] Applying a micro-
scopic theory derived by Jia et al.[5] to a cluster model 
with a proper helical spin arrangement, Arima has pre-
dicted that the ferroelectric phase of CFO system must 
has spatial modulations with wave numbers of 2q and 4q 
(where q is the magnetic modulation wave number) in 
the helical-axis components of the local electric polariza-
tion vectors. Spatial modulations of the local polarization 
must result in lattice modulations, which can be ob-
served by x-ray diffraction measurements. Therefore, we 
investigated the lattice modulations in the ferroelectric 
phase in order to confirm that the origin of the ferroelec-
tricity in CFO system is the d-p hybridization model.  
 We performed x-ray diffraction measurements on 
CuFe1-xAlxO2 with x=0.015, in which the ferroelectric 
phase shows up under zero field. We found satellite 
reflections identified as (0,3-2q,0) under zero field. This 
indicates that the FEIC phase is accompanied by 2q-
lattice modulations. We also investigated the magnetic 
field dependence of the intensity of the 2q satellite re-
flection. As shown in Fig. 1(a), the intensity of the 2q 
reflection slightly increases with increasing magnetic 
field along the helical axis of the magnetic structure. In 
order to deduce the magnetic field dependence of the 
‘amplitude’ of the 2q lattice modulation from the result 
of the x-ray measurement, we must determine the mag-
netic field dependence of the magnetic domain distribu-
tion. This is because the CFO system has the three mag-
netic domains, whose propagation wave vectors are 
assigned as (q,q,3/2), (q,-2q,3/2) and (-2q,q,3/2), owing 
to the threefold rotational symmetry of the crystal, as 
shown in Fig. 1(e). 
 Therefore, we performed neutron diffraction measure-
ments under applied magnetic fields along the helical 
axis, at the two-axis neutron diffractometer E4 installed 
at the Berlin Neutron Scattering Center. The details of 
the experiments are described in Ref. 6. As shown in Fig. 

1(b) the magnetic Bragg reflections corresponding to the 
FEIC magnetic ordering increase with increasing mag-
netic field. This indicates that the fraction of the mag-
netic domains with a wave vector (q,q,3/2) is enhanced 
by the magnetic field along the [110] axis, as shown in 
Fig. 1(f). Taking account of the result of the neutron 
measurement, we conclude that the amplitude of the 2q-
lattice modulation does not exhibit remarkable change, 
and it decreases slightly above H=3 T (see Fig. 1(c)). 
This result is consistent with our calculation based on the 
Arima’s theory, and support that the origin of the ferro-
electricity in this system is the d-p hybridization model.  
 These works have been published as Phys. Rev. B 78 
024106 (2008). 
  

 
Fig. 1: The magnetic field dependence of (a) the integrated 
intensity of (0,3-2q,0) reflection observed in the X-ray diffrac-
tion measurements, (b) (1/2-q,1/2-q,3/2) magnetic Bragg re-
flection observed in the neutron diffraction measurements at 
T=4.5 K, and (d) the integrated intensity of (0,3-2q,0) reflec-
tion normalized by the data of the neutron diffraction meas-
urements. (d) Schematic drawings of a conical structure with 
uniform magnetization component along the helical axis. [(e)-
(f)] Schematic drawings of the fractions of three magnetic 
domains (e) under zero field, and (f) under applied field along 
the helical axis ([110] axis). The directions of the filled arrows 
denote the [001] projections of the propagation wave vectors. 
The sizes of arrows qualitatively show the fractions of each 
domain. 
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The ground state of the hexagonal NdRhSn compound 
is characterized by strong magneto-crystalline 
anisotropy with EMD along c-axis and by 
spontaneous magnetization that corresponds to 2/3 of 
the Nd3+ free-ion moment. At temperatures from 7.6 
K up to 9.8 K, the compound exhibits AF ordering 
that is strongly suppressed by uniaxial compression 
along c-axis, but, it is supported by hydrostatic 
pressure.  
To uncover an evolution of the magnetic structures in 
NdRhSn, we performed series of the neutron 
diffraction experiments on NdRhSn single crystals 
using the diffractometer E4 at BENSC with horizontal 
HM2 magnet and two high pressure CuBe cells - 
uniaxial (Fig.1) and hydrostatic.  

      
Fig.1 : Uniaxial CuBe pressure cell 
 
The crystals were oriented with b-axis parallel to the 
axis of the diffractometer E4 and compressed along c-
axis in the uniaxial pressure CuBe cells to search for 
the non-collinear incommensurate structures with the 
propagation along c-axis. The temperature evolution 
of the nuclear and magnetic reflections found was 
followed from 2 K up to 15 K in magnetic fields up to 
4 T at several distinct pressure conditions: besides 
ambient pressure, under hydrostatic pressure of 0.98 
GPa and under uniaxial compression of 0.1 GPa and 
0.18 GPa.  
The incommensurate AF structure with the 
propagation vector (00t), t = 0.092±0.002 at 8 K, was 
verified by a detection of satellites of the (200) (Fig.2) 
and (201) reflections in a narrow range of temperature 
from TN = 9.8 K down to TC = 7.6 K. The F-AF 
transition has been detected by a sharp decrease of 
magnetic contribution to the (200) nuclear reflection 
(Fig.3).  
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Fig.2: Effect of field on nuclear and satellite reflections 
 
Despite of an expected difference in an evolution of 
the magnetic structures in NdRhSn, no detectable 
changes of the propagation vector were revealed 
under hydrostatic and uniaxial pressures! 
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Fig.3:  Ferromagnetic contribution to (200) reflection 
under hydrostatic pressure 0.73 GPa. 
 
This pressure behavior points to a very complex 
competition of the magnetic interactions that can be 
discussed within a scenario assuming the RKKY-type 
interaction dominating the ordering of the localized 
Nd 4f-moments along the crystal c-axis.  
 
This research project has been supported by the EC 
under the 6th FP through the Key Action: Streng-
thening the European Research Infrastructures. 
Contract n°: RII3-CT-2003-505925 (NMI 3-1357). 
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Er2Ni2Pb crystallizes in the orthorhombic Mn2AlB2 
type crystal structure [1]. All the Er atoms occupy 
the same crystallographic position and are 
equivalent in the crystal structure. However, due to 
competing magnetic interactions along various 
links connecting the R ions a significant frustration 
exists leading in Er2Ni2Pb to a large variety of 
different antiferromagnetic structures. Previous 
bulk magnetic measurements (for references see 
[2]) suggested three magnetic phase transitions at 
TN1 = 3.4 K , TN2 = 3.2 K and TN3 = 2.0 K to exist in 
Er2Ni2Pb. Neutron diffraction experiments down to 
1.5 K and to 460 mK [2] proved all the magnetic 
phases to be antiferromagnetic and coexisting over 
extended temperature range. Striking is that the two 
experiments revealed different phase transition 
temperature values. Moreover, it seems that at the 
low temperature limit (even at 460 mK) the Er 
moments are not fully developed. The primary 
question is then whether the full moment can be 
recovered by an application of magnetic field. 
Previously we have performed an experiment on a 
fixed powder sample (see page 67 in BENSC 
Reports from 2002). The analysis showed that at 
least two irreducible groups have to be mixed in 
order to explain the observed field dependences. 
The magnetic moment, however, attained full Er3+

  
magnitude. In the present experiment we have used 
a 1.18 mg small single crystal extracted from the 
bulk piece prepared by acr melting of constituent 
elements. 
 The crystal has been oriented with its b axis 
along the magnetic field up to 6.5 T generated by 
the vertical VM-2 cryomagnet. Duel to a limited 
angular range we have followed only a small 
number of reflections and performed few typical 
reciprocal space scans. Individual reflection have 
been measured for typically one hour, integrated 
using computer code LAMP, fitted to a Gaussian 
profile, corrected fort the Lorentz factor and 
analyzed using the Er3+ magnetic form factor. The 
analysis of the zero-field intensities obtained above 
the TN and at 1.7 K, the lowest temperature  of the 
present experiment were fully in agreement with 
published crystallographis and magnetic structure 
information. In Fig. 1 we show the field 

dependence of two nuclear reflections exhibiting 
the strongest magnetic contribution. As can be seen, 
the (001) reflection increases by a factor of eight or 
so. This increase is in rather good agreement with 
previous powder studies. Striking result is, 
however, that a small intensity has been also 
observed on top of the crystallographically 
forbidden (100) reflection indicating a loss of a 
symmetry element caused by a small tilt of Er 
magnetic moments. 
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Fig. 1: The field dependence of the integrated 
intensities of (001) and (200) reflections that 
exhibit the strongest increase in intensity due to 
field-induced ferromagnetic ordering. 
 
Due to the size of the crystal used (1.18 mg !) the 
details of the anticipated canting could not be 
studied in detail Equally we could not study the 
intermediate magnetic structure that appears in 
intermediate magnetic fields as suggested by 
magnetic bulk measurements and observed by 
neutron powder diffraction [2] either. Larger crystal 
is needed. Neglecting the intensity seen on the 
(100) reflection we could determine the main 
component of the Er moments that lie along the b 
axis and attains 8.8 μB /Er. 
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A detailed description of the magnetic order of the 
vanadium and cerium moments CeVO3 was given 
recently [1]. In the low-temperature monoclinic phase 
(setting in P21/b) the magnetic moments of the vanadium 
ions were found to be purely C-type ordered in the ab-
plane. Antiferromagnetic interactions between magnetic 
moments on vanadium and cerium ions induce a 
progressive magnetic polarization of the cerium sublattice 
at lower temperatures, resulting in a ferrimagnetic 
structure.  

In the present single-crystal neutron diffraction study 
carried out on the E5 experiment (λ = 2.38 Å, PG-
monochromator) we have shown that the magnetic 
ordering in PrVO3 as well as in the Ca-doped compound 
Pr0.90Ca0.10VO3 is very similar to that observed earlier for 
CeVO3 [1]. In contrast to PrVO3 the investigated crystal of 
the Ca-doped sample was only slightly twinned.  
Therefore the coupling of the magnetic moments of the 
Pr- and V-atoms could be deduced in more detail for 
Pr0.90Ca0.10VO3 from the temperature dependence of the 
magnetic intensities of particular reflections. As shown in 
Fig. 1 the spontaneous increase of the magnetic 
intensities of the reflections 100, 010, 102 and 012 at TN 
= 117 K clearly shows the onset of antiferromagnetic 
order of the V-moments. At lower temperatures it can be 
seen that the intensity of 102 is still increasing, whereas 
the intensities of 012, 100, and 010 are decreasing. This 
indicates the onset of the induced antiferromagnetic  

     
Fig 1. T-dependence of the magnetic intensities of 
particular Bragg reflections of Pr0.90Ca0.10VO3. 

 

order of the Pr-moments. Further, the increase of the 002 
indicates the ferromagnetic order of the Pr-moments. 

From our structure refinements using the FullProf 
program we were able to determine the magnetic 
moments of both the cerium and the vanadium moments 
along the x- and y-directions. We found that the magnetic 
moments of the V-atoms are aligned predominantly along 
the b-axis, reaching a moment μy = 1.13(3) μB. The 
moment along the a-axis is μx = 0.32(3) μB and the total 
moment is  μexp = 1.17(3) μB. The ration μy / μx = 3.53 is 
very similar to that of CeVO3  μy / μx = 3.44 [1].   

 
Fig 2. T-dependence of the magnetic moments of the V-
atoms in Pr0.90Ca0.10VO3. The Cy-component of the 
vanadium induces a ferrimagnetic order of the Pr-
moments with the modes Cy and Fx ; accordingly the Cx-
component of the vanadium induces a ferrimagnetic 
order of the Pr-moments with the modes Cx and Fy.  
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Recently we gave an account on the structural and 
magnetic properties of the prototypical Mott-Hubbard 
insulators YVO3, NdVO3 and TbVO3 [1,  2]. Each 
vanadate shows a structural phase transition (TS at 200 
K, 187 K and 191 K) from an orthorhombic (Pbnm) to a 
monoclinic structure (P21/b), where a G-type orbital 
ordering sets in. At lower temperature (TN at 116 K, 138 
K and 113 K) the magnetic moments of the V3+-ions show 
an antiferromagnetic C-type ordering in the ab-plane. It 
could be seen that the ionic radii of the rare-earth ions 
R3+ strongly influence the transition temperatures TN and 
TS [2, 3]. A change of the valence by a substitution of the 
trivalent R3+-ions by the divalent ions Ca2+ and Sr2+ gives 
rise to a further change of TS and TN. The same tendency 
was found recently for CeVO3, where cerium occurs in an 
intermediate-valent state [4].  

In the present work we have investigated the phase 
transitions of PrVO3 and the Ca2+-doped vanadate 
Pr0.90Ca0.10VO3 by single-crystal neutron diffraction. 
Cylindrical single crystals with the dimensions d = 3 mm 
and h = 6 mm were measured on the instrument E5 (λ = 
2.38 Å, PG-monochromator). For both samples we found 
Bragg intensities on the forbidden positions (203), (013) 
or (031) indicating a crystal twinning. The twinning of the 
Ca-doped samples is only 8 %, while it is strongly 
pronounced (of about 37 %) for pure PrVO3. In order to 
observe the structural and magnetic phase transitions we 
have measured the temperature dependence of the 
intensities of the pure magnetic reflection 100 and of the 
strongest nuclear reflections 202 and 022, where the 
magnetic intensity is negligible. In Fig. 1 it can be seen 
for the reflection 100 of PrVO3 that magnetic intensity 
spontaneously appears at TN = 140(1) K, whereas it was 
found to be significantly reduced [TN = 117(1) K] for 
Pr0.90Ca0.10VO3 (Fig. 2). The same tendency we found for 
the structural phase transitions. Figs. 1 and 2 show that 
the reflections 202 and 022 of PrVO3 and Pr0.90Ca0.10VO3 
show a strong increase of their intensities at 180(2) K 
and  135(2) K, respectively. In agreement with Ref. 3 we 
were able to show that an increase of a Ca-doping level 
with x = 0.10 causes a strong destabilization of both the 
G-type orbital and the C-type spin order. 
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Fig 1. T-dependence of the intensities of the Bragg 
reflections 100 and 022 of PrVO3. Due to crystal 
twinnings these reflections contain 37(1) % of the 
reflections 010 and 202.   

 
Fig 2. T-dependence of the intensity of the reflections 
100, 010,  022 and 202 of Pr0.90Ca0.10VO3.  
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In the present report we have given an account on the 
magnetic order of the vanadium and holmium moments 
in HoVO3. A single-crystal neutron diffraction study has 
been carried out on the four-circle diffractometer E5 
using a PG-monochromator selecting the neutron 
wavelength λ = 2.38 Å.  

 In Fig. 1 it can be seen that magnetic intensity 
appears at TN = 113(3) K on the positions of the 
reflections 010 and 100, indicating a C-type ordering of 
the V-atoms in the ab-plane. With decreasing 
temperature the reflection 010 shows a spontaneous 
decrease at 26 K, where the C-type order changes into a 
pure G-type order along the c-axis. This structure type 
was clearly evidenced for the isotypic compound YVO3 
[1], where the Y3+-ion is diamagnetic. Assuming the same 
magnetic structure for the V-sublattice in HoVO3 the T-
dependence of the 100 is expected to be very similar to 
that of the 010. But Fig. 1 shows that the magnetic 
intensity of the 100 is still increasing down to 6 K. Further 
an anomaly could be found just below 26 K during the 
cooling down process starting from 120 K. Consequently 
this magnetic intensity can be ascribed to a C-type order 
of the Ho-moments along the b-axis. At about 26 K a 
spontaneous increase of magnetic intensity has be found 
for the reflection 020. This indicates a ferromagnetic 
order of the Ho-moments along the a-axis. Our data 
analysis showed that the Ho-moments are also G-type 
ordered along the c-axis, resulting finally in a magnetic 
structure with the modes Fx, Cy and Gz, respectively. For 
the space group Pbnm the irreducible representations 
with the basis functions [Fx, Cy, -] and [-, -, Gz] could be 
deduced from Bertaut’s representation analysis [2]. The 
total magnetic structure finally can be presented by a 
reducible representation with the basis function [Fx, Cy, 
Gz]. Using this model the magnetic structure was 
successfully refined. The obtained magnetic structure of 
HoVO3 is presented in Fig. 2. At 6 K the refined magnetic 
moments reach the value μtexp = 6.9(3) μB. This is 
considerably smaller than the theoretical value μeff = g · J 
= 10.0 μB for the free Ho3+-ion. The components along 
the three different axes are μx = 2.3(2) μB, μy = 6.1(2) μB 
and μz = 2.1(2) μB, respectively. For the V-atoms we 
found for the G-type ordered V-atoms a moment value μz 
= 1.25(3) μB at 6 K. 
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Fig 1. T-dependence of the magnetic intensity of the 
Bragg reflections 020, 010 and 100 of HoVO3. 
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Fig 2. Magnetic structure of HoVO3. The magnetic 
structure of the Ho-sublattice can be described with the 
basis function (Fx, Cy, Gz). The V-moments are G-type 
ordered along the z-direction. 
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Vanadates with the formula RVO3 (R = Y or rare-earth 
element) exhibit many exciting properties which can be 
related to orbital or spin rearrangements. Recently we 
were able to explain the unusual properties of YVO3 by 
novel orbital fluctuations [1]. A phase transition from an 
orthorhombic to a monoclinic structure sets in at 200 K. 
Below TN = 116 K the vanadium moments show 
antiferromagnetic ordering with the modes Cx, Cy and Gz, 
where the z-component is the weakest [1, 2]. At 77 K 
YVO3 exhibits an additional structural phase transition. 
Here the crystal structure changes again to the 
orthorhombic structure, where the vanadium moments 
are purely G-type ordered along z [1, 2]. This additional 
structural phase transition can only be observed for the 
vanadates with smaller R3+-ions  (R3+ = Ho3+ − Lu3+) [3].   

In the present study we have investigated the 
structural and magnetic phase transitions of HoVO3. A 
single-crystal neutron diffraction study has been 
performed on the four-circle diffractometer E5 (PG-
monochromator: λ = 2.38 Å). The used cylindrical single-
domain crystal of HoVO3 with dimensions d = 3 mm and 
h = 6 mm was grown by the floating zone technique [3].  

The presence of structural phase transition could be 
identified by the measurement of the T-dependence of 
the strong nuclear reflection 022 (Fig. 1). The 
spontaneous change of the intensity at 200 K can be 
ascribed to the transition from the high-temperature 
orthorhombic (Pbnm) to the monoclinic (P21/b) phase.  
The same transition temperature was found for YVO3   [1-
3]. This is not surprising, since the ionic radii of the Ho3+- 
and the Y3+-ions are very similar. Fig. 2 shows that 
magnetic intensity was observed at TN = 113(1) K on the 
position of the reflection 011. This clearly suggests the 
onset of the G-type ordering of the V-atoms. This 
temperature is slightly smaller than TN = 116(1) K 
observed for YVO3. At TS2 = 26 K finally (cooling down 
process), we have found the structural transition back to 
the orthorhombic symmetry (Pbnm). With increasing 
temperature this transition sets in at much higher 
temperature at 36 K, indicating strong hysteresis effects. 
Recently a slightly higher temperature (TS2 = 38 K) was 
observed by Sikora et al. [4]. It is interesting to note that 
no hysteresis could be observed for the first phase 
transition at TS2 = 200 K (Fig. 1). Surprisingly the second 
structural phase transition of HoVO3 sets in at much 
lower temperature than that of the yttrium compound (TS2 
= 77 K). Probably the high magnetic moment of  the Ho-
moments as well as its magnetocrystalline anisotropy 
may show a strong influence on  the magnetic order of 
the vanadium sublattice. 

 

 
Fig 1. T-dependence of the magnetic intensity of the 
Bragg reflections 012 of HoVO3. 

 
Fig 2. T-dependence of  the reflections 101 and 011 of 
HoVO3 indicating G-type ordering. 
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 PHY-01-1724-LT 
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vanadate Ca0.10Y0.90VO3 Local Contact  
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Principal Proposer: 

C. Ulrich, B. Keimer – MPI Stuttgart 
M. Reehuis – MPI Stuttgart, HZB, Berlin 
J. Fujioka, S. Miyasaka, Y. Tokura – 
University of Tokyo, Japan 

Date(s) of Experiment 

Experimental Team: M. Reehuis – MPI Stuttgart, HZB, Berlin
  
  

17/03/2008 – 20/03/2008
 

  Date of Report: 14/01/2009 
 
Our neutron scattering investigations on 

insulating YVO3 led to the discovery of unusual 
magnetic ground states and excitations due to the 
interplay of spin and orbital degrees of freedom [1]. 
YVO3 exhibits two magnetic phases, a C-type 
phase between 116 K and 77 K and a G-type 
phase below 77 K. While the magnetic properties of 
the G-type phase are in accordance with standard 
theoretical descriptions, the C-type phase shows 
highly unusual static and dynamic spin correlations. 
The V-moment is strongly reduced and the spin 
structure is highly non-collinear. This can be 
ascribed to the presence of an additional G-type 
component in the so-called C-type phase. In the 
present report we show how the structural and 
magnetic properties as well as the magnetic 
moments of CaxY1−xVO3 are influenced with an 
increasing doping level up to x = 0.10, where the 
correlation of the G-type orbital becomes much 
weaker than in pure YVO3 [2]. A cylindrical single 
crystal of Ca0.10Y0.90VO3 with the dimensions d = h 
= 3 mm has been measured on the four-circle 
diffractometer E5 (neutron wavelength λ = 2.38 Å). 
In order to identify structural phase transitions of 
this vanadate we have measured the T-
dependence of the strong Bragg reflection 202. In 
agreement with the results given in Ref. [2] we 
found that the first-order transition from the C-type 
to the G-type phase is quenched. We only found 
the onset of a continuous increase at 149(1) K, 
which indicates the structural phase transition from 
the orthorhombic to the monoclinic phase. This 
temperature is considerably smaller than those 
observed for the doped vanadates CaxY1−xVO3 
between x = 0.01 and x = 0.05 (see Table 1). In 
order to investigate the magnetic structure of 
Ca0.10Y0.90VO3 we have measured the T-
dependence of the reflections 100, 010 and 011 
(Fig. 1). It can be seen that the reflections 100 and 
010 show magnetic intensity at TN = 98(1) K, 
indicating a collinear C-type ordering in the ab-
plane. The observation of the weak magnetic 
reflection 011 finally suggests the presence of the 
additional component Gz, resulting practically in the 
same non-collinear spin structure as observed for 
YVO3 [1]. It is interesting to see in Table 1 that a 
doping level up to x = 0.10 causes a considerable 

reduction of both the structural and the magnetic 
transitions, whereas the magnetic moments of the 
V-atoms are not significantly changed (Table 1). 
Further details of the structural and magnetic 
properties of hole-doped vanadates CaxY1−xVO3 
were reported recently [3]. 

 
Table 1. Phase transition temperatures and magnetic 
moments of the V-atoms (at 10 K) in CaxY1−xVO3. 

 
x(Ca) 0.01 0.02 0.05 0.10 
μ(Cx)  (μB) 0.82(4) 0.92(4) 0.92(4) 0.73(4) 
μ(Cy)  (μB) 1.28(3) 1.17(3) 1.35(3) 1.34(3) 
μ(Gz)  (μB) B

0.10(2) 0.09(2) 0.09(2) 0.14(3) 
μexp (μB) B

1.53(2) 1.49(2) 1.64(5) 1.53(5) 
TS1 (K) 189(1) 184(1) 162(1) 149(1) 
TN (K) 114(1) 114(1) 103(1) 98(1) 

 

 
Fig. 1. Temperature dependence of the intensity of the 
Bragg reflections 100, 010 and 011 for Ca0.10Y0.90VO3. 
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Perovskite distorted vanadates RVO3 (R = Y or rare-
earth element) exhibit interesting physical properties. A 
variety of phenomena observed in YVO3 have pointed the 
scientific community in looking for new models, that try to 
incorporate both spin and orbital physics, i.e. magnetic 
and lattice degrees of freedom [1, 2]. A very interesting 
vanadate is LuVO3, since lutetium is the end member of 
the rare-earth elements and due to the well-known 
lanthanide contraction its ionic radius is the smallest.  
Therefore the “ionic-size effect” leads to a strong tilting of 
the VO6-octahedra. Further the Lu3+-ions are diamagnetic 
like La3+ and Y3+. Therefore a change of the structural 
and magnetic properties cannot be influenced by 
unpaired 4f-electrons, which are strongly localized in the 
other R3+-ions. 

PHY-01-2291-EF  // brandt  //  02.02.09  Seite 1 von 1 

A single-crystal neutron diffraction study of LuVO3 
has been carried out on the four-circle diffractometer E5, 
using the neutron wavelength λ = 2.38 Å (PG-
monochromator). For our experiment a crystal of LuVO3 
with the dimensions 2 × 4 × 5 mm3 was used. In order to 
investigate the structural and magnetic phase transitions 
we have measured the T-dependence of particular Bragg 
reflection (Fig. 1). During the cooling down process we 
found that the intensity of the reflection 202 starts 
increasing at about 175 K. This can be ascribed to the 
transition from the high-temperature orthorhombic 
(Pbnm) to the monoclinic (P21/b) phase. From specific 
heat and susceptibility measurements this transition 
could be identified at TS1 = 170 K [3]. This is in fact much 
smaller than TS1 = 200 K as observed for YVO3. [1 – 3]. 
Fig. 1 shows that magnetic intensity has been observed 
at the positions of the symmetrically forbidden reflections 
100, 010 and 011 below the Néel temperature TN = 108 
K. This value is also smaller than TN = 116 K observed 
for YVO3. Further cooling leads to a strong change of 
intensity of the 101 and 202, indicating the second 
structural phase transition TS2, where the monoclinic 
structure changes back to the orthorhombic structure 
(Pbnm). In contrast, the second structural phase 
transition of LuVO3 has been observed (with increasing 
temperature) at a slightly higher temperature (TS2 = 81 K) 
than for YVO3 (TS2 = 77 K). It is interesting to see that 
hysteresis loops could be observed during the cooling 
and heating processes. 

The magnetic moments of the V3+-ions could be 
deduced from data sets of LuVO3 collected at 6 K in the 
orthorhombic and at 81 K in the monoclinic phase. At the 
lowest temperature the V-moments are purely G-type 
ordered parallel to the c-axis with a moment value μexp = 
1.41(4) μB. In the monoclinic phase the moments are 
predominantly C-type ordered in the ab-plane (μx = 
0.60(3) μB, μy = 0.87(4) μB). As found earlier for YVO3 [1, 
2] an additional G-type component [μz = 0.31(3) μB)] 

could be identified, resulting finally in a total moment μexp 
= 1.41(4) μB.       B

 

 
Fig 1. T-dependence of the Bragg reflections 202, 101, 
011, 100 and 010 of LuVO3.    
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Magnetic structure of the (Dy1-xYx)3Co 
compounds  Local Contact  

Norbert Stüßer 

Principal Proposer: Dr. Pirogov, Alexander, IMP, Ekaterinburg, RU Date(s) of Experiment 
Experimental Team: Gubkin Andrew F., USU Ekaterinburg, RU 
  04/12/2007 – 09/12/2007

  Date of Report: 02/10/2008 
 

Rare earth intermetallic compounds R3T 
(T=Co, Ni, Rh) crystallize in the low symmetry 
orthorhombic crystal structure of Fe3C type (space 
group Pnma). The magnetic moments of R ions 
form the complex noncollinear antiferromagnetic 
(AF) or ferromagnetic (F) structures, which can be 
ascribed to the competition between the RKKY 
exchange interaction and low symmetry crystal-
field effects. The 3d metal atoms do not have 
ordered magnetic moments in R3T, therefore the 
compounds with R = La and Y are Pauli 
paramagnets. According to previous studies Dy3Co 
compound exhibits an antiferromagnetic behavior 
below the Neel temperature TN=44 K, the 
magnetic structure of Dy3Co can be described by 
two wave vectors k1=0 and k2=2π(1/2a, 0, 1/2c) at 
4.2 K [1,2]. This magnetic stricture changes to 
another AF structure with increasing temperature 
above Tt ~ 32 K. In the temperature interval 
Tt<T<T the AF structure is suggested to be 
described by the wave vector k1.     

Our preliminary studies of the magnetization 
behavior of the (Y1-xDyx)3Co pseudo-binaries 
allowed us to assume that the magnetic structures 
of the compounds with 0.2<x<0.8 can be described 
only one wave vector in the whole temperature 
range below TN. In the present project carried out 
the neutron diffraction study of (Y1-xDyx)3Co 
compounds in order to reveal the evolution of the 
magnetic state with increasing Dy concentration 
starting from Y3Co. According to previous 
investigations [4,5] the Y3Co compound is 
observed to exhibit some anomalies in the 
behavior of the electrical resistivity, specific heat 
and elastic constants around 150 K. In the present 
project, we have measured powder neutron 
diffraction patterns for Y3Co in the temperature 
interval 1.5 K – 300 K at the wavelength 
λ=2.452Å (shown in Fig.1). We did not find any 
magnetic contributions to the Bragg reflections in 
this temperature interval, which is indicative of a 
non-magnetic origin of the anomalies. An unusual 
behavior with temperature of the integral intensity 
of some Bragg reflections (see inset in the fig. 1) 
can be attributed to the changes of the crystal 
structure in the vicinity of 150 K.  

 

In order to study the temperature 
transformation of the crystal structure of Y3Co in 
detail the additional experiments on a single 
crystalline sample with synchrotron radiation are 
needed.      

Because of the high absorption cross section 
of dysprosium atoms in the Dy containing (Y1-

xDyx)3Co compounds we couldn’t get high quality 
neutron diffraction patterns which are necessary to 
analyze the  magnetic structure.   
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Fig. 1 Neutron diffraction patterns for a powder 
sample of Y3Co measured at T=1.5K, 80K, 180K, 
300K (λ= 2.452 Å).  Inset shows neutron 
diffraction patterns in detail.  
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Experimental Team: Andreas Hoser, HMI, Berlin 
 Norbert Stüßer, HMI, Berlin 
  

18/02/2008 – 24/02/2008

  Date of Report: 20/05/2008 
 
From 18 to 24 February, neutron diffraction 
experiments have been performed on YFe2D4.2 
and Y0.5Tb0.5Fe2D4.2 versus temperature and 
applied field on E6 instrument. 
 
YFe2D4.2 undergoes a first order transition from 
ferromagnetic (F) to antiferromagnetic (AF) 
structure at 84 K. Above the transition the 
magnetization curves display a metamagnetic 
behaviour. Neutron powder diffraction (NPD) 
patterns were measured at 90, 100 and 125 K 
for field variation between 0 and 10 T. As the 
field increases a progressive change from AF to 
F structure is observed (Fig. 1).  The transition 
field is shifted to larger values as T increases. 
 
Y0.5Tb0.5Fe2D4.2 shows a magnetic transition at 
129 K. This higher temperature compared to 
YFe2D4.2 can be explained only partially by it 
larger volume. Measurements were performed 
without field from 5 to 180 K, in order to 
determine the evolution of the magnetic 
structure versus temperature. We observe only 
a change of nuclear line intensities which 
indicates that the compound remains 
ferrimagnetic without AF structure. For heavy 
rare earth like Tb, an antiparallel coupling is 
expected between Tb and Fe. This is confirmed 
for this compound as a compensation point is 
observed at 50 K.  The data analysis at zero 
field and versus temperature shows a 
progressive decrease of the magnetic line 
intensities with a sharp decrease at 140 K. 
Field dependent measurements between 0 and 
13 T were performed at 135 (Fig. 2), 140, 145 
and 150 K. The NPD pattern refinement 
indicates a growing of the ferrimagnetic line 
intensities, which reach saturation at a larger 
field as the temperature increases. 
The difference of magnetic behaviour, as well 
as the larger transition temperature of 
Y0.5Tb0.5Fe2D4.2 compared to YFe2D4.2 can be 

explained by the influence of the molecular 
field of Tb on the Fe moments. 
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Fig. 1: Evolution of the AF and F magnetic line 
intensities of YFe2D4.2 at 90 K. 
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Fig. 2. Evolution of the ferrimagnetic line intensities of 
Y0.5Tb0.5Fe2D4.2 at 135 K compared to the magnetization 
curve. 
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10/03/2008 – 16/03/2008

  Date of Report: 15/01/2009 
 

Polycrystalline samples of the TbNi1-xAuxIn (x = 
0.1, 0.2, 0.4, 0.6 and 0.8) intermetallics were 
studied by magnetometric, X-ray and neutron 
diffraction methods. All of the samples crystallize 
in the hexagonal ZrNiAl-type structure (P 6 2m 
space group, No. 189).  

The investigated compounds crystallize in the 
hexagonal ZrNiAl-type structure. The a and c 
lattice constants and the unit cell volume V increase 
with increasing Au content x while the a/c ratio 
shows an anomalous dependence with the 
maximum for x = 0.4. The Au atoms preferentially 
occupy the 2(c) position. 

The hexagonal arrangement of the rare earth 
atoms introduces geometrical frustration in case of 
antiferromagnetic coupling in the a-b plane. TbNiIn 
and TbAuIn have different magnetic structures. 
TbNiIn has two magnetic phases described by the 
propagation vector k = (½, 0, ½) [1]. In TbAuIn a 
noncollinear antiferromagnetic ordering of the 
120o- type described by the propagation vector k = 
(0, 0, ½) was found below TN = 35 K [2]. 

Magnetic data indicate that all compounds are 
antiferromagnets. The value of the Néel 
temperature decreases with increasing the Au 
content x. For the compounds with x equal to 0.1, 
0.2 and 0.4 an additional phase transition in the 
ordered state is observed. Neutron diffraction data 
collected for the samples with x = 0.1, 0.2 and 0.4 
indicate similar magnetic ordering to those 
observed in TbNiIn. Tb magnetic moments form a 
noncollinear structure in the a-b plane. This order is 
described by the propagation vector k = (½, 0, ½). 
For x = 0.8 the magnetic order is described by the 
propagation vector k  = (0, 0, ½), similarly to 
TbAuIn. The Tb moments lie in the a-b plane and 
form a noncollinear structure of the 120 o-type. 

The results of these investigations were 
presented at The European Conference “Physics of 
Magnetism 2008”, Poznań, 24-27.06. 2008 and 
were published in Acta Physica Polonica A. 
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Germany 
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Germany 

17/06/2008 – 24/06/2008

  Date of Report: 16/12/2008 
 

Previous studies revealed 
Cu(N2C3H6D4)Cl2 can be treated as a two-
dimensional (2d) magnet with dominant square-
lattice like interactions, J/kB ≈ 3 K. Phase 
transition to the ordered state was not indicated 
in zero magnetic field down to 60 mK [1]. Elastic 
neutron scattering experiment was performed at 
temperatures from 0.5 to 2 K and magnetic field 
up to 4 T to enlighten the origin of a specific heat 
anomaly appearing at 0.8 K in nonzero magnetic 
field.  
 The polycrystalline sample with mass 1g 
has been studied. The first powder diffraction 
spectrum was recorded in the angular range 
between 5 and 109 degree at 100 K in order to 
compare with former X-ray studies. For the 
investigation of the magnetic properties of the 
sample the angular range was limited to 5 to 34 
degree which allows also for a higher statistics in 
the available experiment time. Comparative runs 
were performed in the magnetic field B = 0 and 4 
T at temperatures 0.5 K, 0.8 K, 2 K and 20 K. 
The runs in zero field were performed twice; 
before and after the application of magnetic field 
to check the possible effects of the sample 
reorientation induced by magnetic field and/or 
remanency effects introduced by a potential 
magnetic phase transition. Each run lasted 8 
hours. Within the used statistics, the spectra did 
not change significantly with temperature (Fig.1). 
We found a slight change in intensity only for the 
Bragg peak (002) at 15 degree indicating some 
ferromagnetic order or magnetic field induced 
uniform magnetization (Fig.2). The change of the 
intensity does not depend on the temperature. In 
order to explain the origin of the found 
ferromagnetic contribution, additional 
measurements of isothermal ac susceptibility at 
temperatures below 1K and magnetic fields up to 
10 T have been performed [2]. In coincidence 
with neutron data, preliminary analysis suggests 
only slight temperature dependence of uniform 
magnetization. In conclusion, further experiments 
are necessary to decide about the existence of a 

field induced real phase transition to the 3d 
ordered state at 0.8 K.     
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Fig.1: Comparison of powder spectra in B=0.  

5 10 15 20 25 30 35
-1000

-500

0

500

1000

1500

2000

2500

 

 

I(4
T)

-I(
0)

2θ

T=0.8 K

Fig.2: Difference of powder spectra measured in 
B=4T and 0. 
 
This research project has been supported by the 
European Commission under the 6th Framework 
Programme through the Key Action: 
Strengthening the European Research 
Infrastructures. Contract n°: RII3-CT-2003-
505925 (NMI 3). M. Orendáč acknowledges 
financial support of VEGA 1/3027/06.   
 
[1] V. Zeleňák et al. Inorg. Chem. 45 (2006) 
1774. 
[2] A. Orendáčová et al. NHMFL 2008 research 
report. 

PHY-01-2240  // k.denzer  //  02.02.09  Seite 1 von 1 
63



EXPERIMENTAL REPORT Proposal N° MAT-01-2241
Instrument E6 Neutron Diffraction Studies on 

RuSr2Y1.5Ce0.5CU2O10 (Ru1222) and 
Ru0.9Sr2YCu2.1O7.9 (Ru1212) Local Contact  

Dr. Norbert Stuesser 

MAT-01-2241  // k.denzer  //  02.03.09  Seite 1 von 1 

 

Principal Proposer: 
Ms. Rashmi Nigam, Institute for Superconducting 
and Electronic Materials, University of Wollongong, 
NSW, Australia 

Date(s) of Experiment 

Experimental Team: 
A/Prof. Alexey Pan, Institute for Superconducting 
and Electronic Materials, University of Wollongong, 
NSW, Australia  

 
Prof. ShiXue Dou, Institute for Superconducting 
and Electronic Materials, University of Wollongong, 
NSW, Australia  

 Dr. Norbert Stuesser, BENSC, Hahn Meitner 
Institut, Berlin 

25/04/2008 – 04/05/2008

  Date of Report: 18/12/2008 
 
Neutron diffraction (ND) measurement was 
carried out on two samples namely, 
RuSr2Y1.5Ce0.5Cu2O10 (Ru1222) and 
Ru0.9Sr2YCu2.1O7.9 (Ru-1212) using 
Focussing diffractometer (E6).  
Ru1212 sample: 
i) Full spectra was measured from 2θ = 13º to 

101 º with step size = 21 and at various 
temperatures ( T = 1.5 K, 10 K, 25 K, 30 K, 
60 K, 90 K, 120 K, 140 K, 150 K, 180 K and 
200 K).  ( ½ ½ ½ ) , ( ½ , ½ , 3/2) and  ( ½ , 
½ , 5/2)  magnetic peaks were obtained at 
2θ = 26.26 º, 31.6 º and 40.25º respectively 
(see Fig.1). 

ii) Half spectra was measured from 2θ = 13º to 
52.6º at same temperatures as mentioned 
above with step size = 11 to obtain better 
statistics for magnetic peak intensities. With 
increasing temperature magnetic peak 
intensity reduces and magnetic peak 
disappears at T = 140 K, indicating the 
magnetic transition. 

iii) ND data was obtained under applied 
magnetic field H≥ 5 T using VM3. Full 
spectra was obtained at T = 1.5 K for 
applied fields of 0T, 2.5 T and 5 T in the first 
run. With increasing field the magnetic peak 
intensity reduces and peak almost 
disappears at applied field of 5 T.  In the 
second run ND data was obtained for H = 0 
T, 0.5 T, 1 T, 1.5 T, 2 T, 2.5 T, 3 T, 5T.  
Measurement at each field took 3 hrs. 

Ru-1222 sample: 
Unlike Ru1212 sample not enough time was 
left for the sequential measurement of Ru1222 
sample. However following measurements 
were carried out to get some idea about the 
magnetic behaviour of Ru1222 sample:- 
i) Full spectra was measured  from 2θ = 13º 

to 101 º while the system was cooling from 

250 K down to 1.5 K. Weak magnetic peaks 
were obtained.  

ii) Full spectrum was again measured at 1.5 K 
for 20 hrs at applied field of 0 T in order to 
increase the intensity of magnetic peaks. 
Following this, ND data was obtained at 1.5 
K for 20 hrs at 5 T and then again at 0 T.  
Magnetic peak does not completely vanish 
at 5 T. The intensities of ND pattern 
obtained at 0 T after the measurement of 5 
T does not match with the 0 T data obtained 
first, reason of which is still not clear. More 
careful and detailed measurement of 
Ru1222 sample is needed. 
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Fig. 1 Neutron diffraction pattern of Ru1212 sample 
obtained at different temperatures and at applied 
field of 0 T. 
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The PrIr2Si2 compound belongs to the family of a 
polymorphic compounds, which can crystallize in a 
ThCr2Si2–type (LT-phase) and CaBe2Ge2–type (HT-
phase) crystallographic modification. The HT-phase 
of this compound was found to be paramagnetic down 
to 2 K, however the LT-phase was found to undergo 
two magnetic phase transitions at TN = 45.5(1) and Tt 
= 23.7(2) K. The magnetization measurements 
performed on this phase revealed that the c-axis is the 
easy axis of the magnetization. To better understand 
the magnetic structure in the LT-phase of PrIr2Si2 we 
have performed the powder neutron experiment on the 
E6 diffractometer at BENSC.  
 We have collected a powder neutron patterns 
for 10o < 2θ < 100o at several temperatures in the both 
magnetic phases and also at the paramagnetic region 
(Fig. 1). Additionally to this we have performed short 
scans from 33 degrees up to 48 degrees around Tt to 
see how the magnetic phase transition evolutes in the 
temperature. 
 We have successfully fitted all obtained 
powder patterns and found the magnetic structure for 
this compound. At temperatures below Tt (Fig. 2) we 
have found the simple antiferromagnetic phase (+- 
stacking along the c-axis) with the magnetic 
propagation vector k = (0 0 1). We have found that 
only the Pr ions posses the stable magnetic moment of 
3.2 μB, which equals to the theoretical magnetic 
moment of free Pr  ion. 
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Fig. 1: The comparison of the obtained powder 
neutron diffraction patterns for different temperatures. 

 

At temperature region Tt < T < TN (Fig. 3) we 
have found more complex antiferromagnetic structure 
with the magnetic propagation vector k = (0 0 5/6). 
Also in this case the stable magnetic moments were 
found only on the Pr3+ ions amounting 3.2 μB/Pr. All 
magnetic moments in this antiferromagnetic phase 
were aligned along the c-axis.  
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Fig. 2: The comparison of the observed pattern at T = 
1.5 K with the calculated pattern according to our 
model. 
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Fig. 3: The comparison of the observed pattern at T = 
30 K with the calculated pattern according to our 
model. 
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Y1-xRxFe2(H,D)4.2 (R= Er, Tb) compounds 
display a magnetovolumic transition which 
temperature depends on the nature and 
the concentration of the rare earth as well 
as the nature of the (H, D) isotope. This 
transition temperature TM is also very 
sensitive to external parameters like 
pressure or magnetic field. The purpose of 
this work was to study the evolution of the 
magnetic structure of Y0.5Er0.5Fe2D4.2 and 
Y0.9Tb0.1Fe2D4.2 versus field at different 
temperatures in order to understand more 
clearly the influence of the rare earth on 
the metamagnetic behaviour.  
 
The neutron diffraction experiment was 
performed on Y0.5Er0.5Fe2D4.2 at different 
temperatures between 2 and 120 K and for 
increasing field between 0 and 12 T on the 
E6 spectrometer and with a vertical 
magnet. We have measured only this 
compound in order to collect several data 
with good statistics.  
 
The results on Y0.5Er0.5Fe2D4.2 show that at 
2 K, the Er moment undergoes a spin 
reorientation as the magnetic field 
increases. Then above the transition at 55 
K, the antiferromagnetic line (2 theta = 6°) 
progressively disappears whereas the 
ferromagnetic line (2 theta = 30°) 
increases as the magnetic field increases 
(Figures 1 and 2), reaching a maximum at 
5 T. The cell volume increases to larger 
values as it was observed in YFe2D4.2, 
confirming the magnetostrictif character of 
the metamagnetic transition. 
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Figure 1: Comparison of the NPD patterns 
measured at 55 K without field and at 7 T. 
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Figure 2: Evolution of the ferromagnetic 
line intensity (2 theta = 30 °). 
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Three powder samples were investigated by 
neutron diffractometry under this project: 
TmNiIn, TmAgGe and TmPtIn. The experiment 
was performed on the E6 diffractometer 
equipped with the standard orange cryostat. 
The samples were cool down to 1.5 K.  

The TmTX (T -transition metal, X -p-electron 
element) intermetallics crystallize in the 
hexagonal ZrNiAl-type crystal structure.  

 

 

In case of all investigated compounds the 
Bragg reflections of magnetic origin are 
present in the neutron diffraction patterns 
collected at low temperature (see fig. 1).  

The temperature of transition to magnetically 
ordered state was found to be approximately 
2.7, 4.4 and 3.5 K for TmNiIn, TmAgGe and 
TmPtIn, respectively.  

The preliminary analysis of the low 
temperature neutron diffraction patterns 
suggests that all investigated compounds are 
antiferromagnets but the propagation vectors 
which describe the magnetic structures are 
different. In case of TmAgGe it is k = [1/2, 0, 0] 
(magnetic unit cell is doubled when compared 
to the crystallographic one). A commensurate 
magnetic structure was also found in TmPtIn (k 
= [1/4, 1/4, 1/2]). The case of TmNiIn is the 
most complicated one. The low temperature 
neutron diffraction pattern is similar to that of 
TmPtIn, however, the reflections of magnetic 
origin are slightly shifted and they are 
significantly broadened. This broadening may 
be caused by short-range character of 
magnetic ordering and/or by overlapping of 
magnetic reflections. In order to explain the 
broadening phenomenon an experiment at 
lower temperature and with better angle 
resolution is required. 
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The RPdIn compounds exhibit interesting 
magnetic properties, which were widely 
investigated, especially in CePdIn case. In our 
group a systematic studies of this family 
including a great variety of complementary 
techniques are carried out. The performed 
experiment was aimed at determining of 
magnetic structures of CePdIn and PrPdIn 
samples at low temperatures (<1K). In case of 
CePdIn an antiferromagnetic ordering below 
1.65 K was reported. The CePdIn compound 
exhibit heavy fermion behaviour with 
extremely large Sommerfeld coefficient. 
 
Our experiment was performed on 
plocrystalline CePdIn sample. The sample was 
single phased without impurities. The neutron 
diffraction patterns were collected in two 
temperatures of 0.6 K and 3 K. Measurements 
revealed that the sample exhibit desired 
ZrNiAl-crystal structure, however no 
reflections of magnetic origin were found in 
neutron diffraction pattern collected at 0.6 K. It 
turned out, that the granted beamtime, that was 
reduced with respect to time we applied did not 
allowed to get satisfactory statistic. As the 
predicted Ce magnetic moment was some tenth 
of Bohr magnetons, the time we could spend 
on measurements was not sufficient. The 
collected data show no trace of magnetic 
contribution even in differential spectra 
between 0.6 and 3 K. Taking into account 
reduced beamtime measurements for PrPdIn 
sample were not performed. 
 
This research project has been supported by 
the European Commission under the 6th 
Framework Programme through the Key 
Action: Strengthening the European Research 
Infrastructures.    
Contract n°: RII3-CT-2003-505925 (NMI 3). 
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The magnetic states of PrMn2Ge2-xSix can be 
varied from the predominant ferromagnetic 
ordering of Ge-rich compounds to 
antiferromagnetic ordering for Si-rich compounds 
by controlling Mn-Mn distances via Si substitution 
for Ge [1]. Using E6, we have obtained neutron 
diffraction patterns for PrMn2Ge2-xSix (x=0.4, 1.2, 
1.6) from 10-480 K in 100 K steps and 
PrMn2Ge1Si1 from 5-460 K in 25 K steps. This has 
allowed us to determine the magnetic structures and 
magnetovolume effects at the critical transition 
temperatures.  

 
Fig. 1 Representative neutron diffraction 
patterns for PrMn2Ge1.6Si0.4 from 5-480 K.   

 
We have confirmed and characterized the 

transformation in PrMn2Ge1.6Si0.4 [1] from a canted 
ferromagnetic (Fmc) to a conical configuration 
(Fmi) around Tc/c~167 K. This is indicated by the 
occurrence of satellite peaks of hkl reflections with 
h + k = 2n + 1 - such as (101)+ and (101)- - as 
shown in Fig.1.  

As demonstrated in Fig. 2, our investigations 
reveal co-existence of canted ferromagnetism 
(characterized by the (112) peak) and 
antiferromagnetism (characterized by the (111) 
peak) for PrMn2Ge2-xSix with x=1 and 1.2. This 
new information extends our understanding of the 

relationship between lattice parameters and 
magnetic states for the Mn-sublattice in this system. 
Magnetovolume effects have been detected at the 
first order transition TC

Pr for both PrMn2Ge1Si1 and 
PrMn2Ge0.8Si1.2. In addition, below room 
temperature PrMn2Ge0.4Si1.6 is found to exhibit 
canted antiferromagnetism (AFmc) rather than AFl 
[1].  

 

 
Fig. 2 (upper): Representative neutron 
diffraction patterns for PrMn2Ge0.8Si1.2 from 3-
480 K; (lower): Temperature dependences of: 
(111) and (112) peak intensities.  

Combined with our magnetisation data, we are 
now able to establish a definitive phase diagram for 
PrMn2Ge2-xSix as functions of temperature and 
composition. Our findings will extend and modify 
the current diagram reported in the literature [1].  

[1] S Kervan, AKılıc and A Gencer, J. Phys.: 
Condens. Matter 16 (2004) 4955–4962. 
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The compound Sr3NiPtO6, crystallizing in the 
rhombohedral structure (space group R3c), belongs 
to the family of A3MXO6 -type (A = Ca, Sr, and 
M/X= alkali or transition metal ions) quasi 1-D 
spin-chain compounds. The crystal structure of the 
compound Sr3NiPtO6 consists of spin-chains made 
up of alternating face sharing RhO6 octahedra and 
NiO6 trigonal prism running along the 
crystallographic c axis. These chains are arranged 
on a triangular lattice in the ab plane. The 
temperature dependent magnetic susceptibility 
curve exhibits a Curie- Weiss behavior above 150 
K, below which there is a gradual deviation from 
this behavior which may be due to the presence of a 
short-range spin-spin correlation [1]. The negative 
value of θp indicates the antiferromagnetic nature of 
magnetic interaction. The observed values of C/T 
and susceptibility are large and constant at low 
temperature [1]. On the basis of these magnetic 
behaviors, the compound has been labeled as “spin 
liquid” [1].    
 

In order to understand the nature of 
magnetic ordering, we have carried out the 
neutron diffraction experiments on the powder 
sample of Sr3NiPtO6 using the E6 
diffractometer at BENSC, using the 
wavelength of 2.44 Å, at different temperatures 
over 1.5 K - 200 K.  

 
          Figure 1 depicts the Rietveld refined neutron 
powder diffraction patterns at different temperature 
over 1.5 - 200K. No extra Bragg peak as well as no 
observable enhancement in the intensity of the 
fundamental (nuclear) Bragg peaks has been found 
down to 1.5 K. These observations rule out the 
possibility of a long-range-magnetic-ordering in 
this compound down to 1.5 K. We believe that 
neutron powder diffraction experiments down to ~ 
10 mK temperature may shed more light on the spin 
ordering process for this “spin liquid” compound. 
 
1. N. Mohapatra, K. K. Iyer, S. Rayaprol, and 

E. V. Sampathkumaran , Phys. Rev B 75, 
214422 (2007).  
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Figure. 1. Observed (open circles) and Rietveld 
calculated (solid lines) neutron diffraction patterns 
for Sr3NiPtO6 using a wavelength of 2.44 Å. Solid 
line at the bottom of each panel shows the 
difference between the observed and the calculated 
patterns. 
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Powder neutron diffraction experiments to 
elucidate the magnetic structure of divers Ni 
and CoO polymorphs were carried out at the 
instrument E9 using the standard “orange” 
cryostat and neutrons with a wavelength of 
1.79803 Å at T = 2 K and 298 K. About 200 mg 
of sample were mounted in Vanadium 
cylinders of about 5 mm diameter.  Three 
different samples were measured (only two 
samples shown).  

 
Figure 1. Diffractogram corresponding to 
sample 1 (CoO würtzite) measured at 2 K.  

Figure 1 shows the signal measured on 
sample 1 composed of a CoO polymorph 
isostructural with the würtzite crystal. The data 
was obtained after ca. 24 h of acquisition time. 
It is believed that the low amount of powder 
combined with the relatively large absorption 
cross section of cobalt and the relative low 
neutron flux of the instrument (two to three 
orders of magnitude lower than D20 at ILL) 
rendered the measurement impossible. 
Moreover, the acquisition of data in serial 
mode extended the integration time needed to 
obtain useful data.  

Figure 2 shows the spectra obtained for 
sample 2 at two different temperatures using 
an acquisition time of 34 h/spectrum. In 
agreement with the laboratory X-ray diffraction 

patterns, the sample is shown to be composed 
of both fcc and hcp nickel nanoparticles. 
Regardless of the lengthy acquisition times 
noisy data was obtained. However, there seem 
to be small temperature-dependent reflections 
at lower angles (17 º and 32 º). However, due 
to the noisy spectra no conclusions can be 
draw. To be able to get any meaningful results 
we would need to use a diffractometer with 
higher neutron flux or more sample. 

 
Figure 2. Diffractogram corresponding to 
sample 2 (Ni fcc and Ni hcp) measured at (top) 
2 K and (bottom) 298 K.  
This research project has been supported by the 
European Commission under the 6th Framework 
Programme through the Key Action: Strengthening 
the European Research Infrastructures.   Contract 
N°: RII3-CT-2003-505925 (NMI 3). 
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From the structure of spin-chains of the γ-
polymorph of Li2ZrCuO4 frustrated magnetic 
interactions are expected to be introduced by 
competing interactions of the nearestneighbour 
ferromagnetic coupling and nextnearest 
neighbour antiferromagnetic coupling. For such 
coupling scheme the ratio of both interactions 
determines the ground state to be either 
ferromagnetic or helical separated by a quantum 
critical point. Our macroscopic studies of 
Li2ZrCuO4 are well described by helically 
ordered spin-chains very close to the quantum 
critical point. The magnetic properties of critical 
systems provide sensitive testing ground for 
theories of low-dimensional magnetism. To 
verify the expectation of helical ordering of this 
system, we have performed neutron powder 
diffraction experiments at E9 / BENSC in 
magnetic fields up to 5 T. Li2ZrCuO4 itself and 
helical magnetic structures in general are highly 
sensitive to temperature and magnetic fields. 
The experiment was performed on a sample of 
compressed polycrystalline pallets (~ 10 g) in a 
vanadium container with a neutron wavelength 
of λ = 1.798 Å. Powder diffraction data have 
been collected in zero magnetic field at T =2K 
and T = 10 K, below and above the ordering 
temperature (TN = 6.9 K), respectively. A third 
measurement was done at T =2 Kin an applied 
magnetic field of µ0H = 5 T. With lower statistics 
the empty container was measured. From an 
earlier experiment at TOFTOF / FRM II two 
magnetic reflections were known before. 
Expecting ~ 12 h of beam-time for a single 
measurement we used altogether 30 h for 
measurement at 2 K in zero field (c.f. 1). Yet, no 
further magnetic reflections could be clearly 
identified. Though weak, altogether 5 magnetic 
reflexes have been identified by comparison of 
these data with the measurements at 5 T and at 
10 K. Their positions show a slight deviation 
from a magnetic structure given by a magnetic 

propagation vector τ = (0 0.5 0) as would be 
appropriate for ferromagnetically ordered 
chains. Indeed, very small pitch angles are 
expected for a helical magnet close to 
ferromagnetic order. However, to refine the 
propagation vector statistics is insufficient. In 
µ0H = 5 T a shift of the reflexes was observed. 

 Fig. 1: Diffraction pattern as collected in zero 
field at T = 2 K. The nuclear structure is in good 
accord to literature. The magnetic intensity 
found indicates helical ordering with small pitch 
angles.  

As single crystals of this interesting compound 
are still not available, neutron powder diffraction 
remains the most promising method to determine 
its magnetic structure. For further experiments a 
high intensity diffractometer appears the 
appropriate instrument, even at the cost of 
lowered resolution. Moreover, to reduce the 
significant neutron absorption by the sample, 
utilization of isotope enriched 

7
Li is 

recommended to further increase statistics.  
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INTRODUCTION 
 
The perovskite manganites are notable for 
their extremely rich phase diagram in the 
charge, spin and lattice degrees of freedom. 
They have the general formula AMnO3 with 
the Mn ions occuping the centers of oxygen 
octahedra. They form a magnetic lattice 
where 
antiferromagnetic (AFM) superexchange 
competes with ferromagnetic (FM) double 
exchange mediated by eg electrons forming 
Mn-O-Mn bonds. These couplings are 
dependent on the orbital arrangement, and 
interact with the lattice through the Jahn-
Teller (JT) effect. This explains why many of 
the observed phase transitions couple all 
three degrees of freedom. The corresponding 
free-energy landscape is highly complex, with 
very different phases often having very similar 
free energies. 
 
Where phases are in close competition they 
may coexist, and the choice of phase can be 
extremely sensitive to the external magnetic 
field, leading to focus on the manganites for 
applications such as colossally 
magnetoresistive sensors and magnetic 
refrigerants. 
 
EXPERIMENT 
We investigated the influence of Ga and Sc 
doping (respectively) on the Mn-site of 
La0.67Ca0.33MnO3 after having characterized 
the materials magnetically. We looked for 
signs of AFM/FM coexistence above and 
below the FM/PM transition. 
 
We intended to study the effect of magnetic 
field on any phase separation. Unfortunately 
the magnet control electronics failed, leaving 
the experiment to be performed in zero field. 
 
RESULTS 
No antiferromagnetic peaks were found, see 
fig. 1. The data analysis is still in progress. 

 
 
 

 
 
Fig 1: Rietveld fit to data for La0.67Ca0.33Mn0.98Sc0.02O3  
(purely structural contribution). The ferromagnetic 
component is obvious on several peaks, but no 
antiferromagnetic component is apparent. 
 
This research project has been supported by 
the European Commission under the 6th 
Framework Programme through the Key 
Action: Strengthening the European Research 
Infrastructures. Contract n°: RII3-CT-2003-
505925 (NMI 3). 
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Mesoporous forms of Mn3O4 (hausmannite) 
and α-Mn2O3 have recently been prepared with 
highly crystalline walls.  The pore sizes and 
surface areas are 3.75 nm and 100 m2 g-1 for 
Mn3O4 and 3.56 nm and 139 m2 g-1 for Mn2O3, 
[Jiao, F., et al.,  Adv. Mater., 2007, 19, 4063]. 
We have performed high resolution powder 
diffraction studies upon these materials with 
the E9 diffractometer at key temperatures. 

Mesoporous Mn3O4. 
Scans were taken at 6 different temperatures, 
2, 25, 35, 40, 60 and 100 K (Figure 1). 

 
Figure 1.  Diffraction patterns of mesoporous Mn3O4. 

A clear onset of magnetic ordering can been 
seen to occur between 40 and 60 K (TC = 41 K 
in bulk material Mn3O4).  The material has the 
crystallographic space group I41/amd.  The 
magnetic cell has a doubling of the lattice 
dimension along b.  The Bragg peaks which 
change dramatically in intensity (Figure 2) 
over this transition are the (110) and (120) 
peaks, (indexed with the magnetic cell). 

Diffuse scattering can be observed above TC, 
where the (110) and (101) magnetic Bragg 
peaks are expected.  This has been seen in 
bulk material, [Kuriki, A., et al., J. Phys. Soc. 
Jpn., 2003, 72, 458]. 

 
Figure 2.  2 K – 100 K difference plot for Mn3O4. 

Mesoporous Mn2O3. 
Scans were taken at 2, 20, 50, 70, 100 and 
200 K.  A difference curve between the 2 and 
200 K data is shown below (Figure 3). 

Figure 3.  2 K – 200 K difference plot for Mn2O3. 

The first 3 magnetic peaks, (100), (110), and (111) 
can clearly be seen at 2 K. Showing similar 
magnetic structure to bulk Mn2O3. 

This research project has been supported by the 
European Commission under the 6th Framework 
Programme through the Key Action: Strengthening the 
European Research Infrastructures. 

Contract n°: RII3-CT-2003-505925 (NMI 3). 
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The vanadium spinel material MgV2O4 has both spin 
and orbital degrees of freedom at low temperature. In 
order to understand any ordering of the orbitals and 
their effect on the spin interactions we have 
investigated the crystal structure of MgV2O4 in the 
tetragonal low-temperature phase and the magnetic 
order of the vanadium sublattice.  
A neutron diffraction experiment was performed on the 
fine-resolution powder diffractometer E9. This 
instrument uses a Ge(511)-monochromator giving an 
incident wavelength of λ = 1.79 Å. We mounted a 
vanadium cylinder containing 3g of powdered MgV2O4 
in an orange cryostat reaching a base temperature of 2 
K. We have measured diffraction patterns at 10 different 
temperatures between 2 K and 70 K. For all 
measurements the powder patterns were recorded in 
the 2-theta range from 5° to 150°, which took 
approximately 5 hours for each temperature to reach 
satisfactory statistics.  

PHY-01-2457-EF  // brandt  //  03.03.09  Seite 1 von 1 

From our measurements we confirmed the presence of 
the cubic to tetragonal transition which was seen by the 
splitting of particular cubic reflections as shown in Fig. 
1b. The whole powder did not have the same transition 
temperature and we observed phase co-existence 
giving a range over which the transition occurred. At 42 
K the whole powder was in a single tetragonal phase. 
The fit shows a tetragonal distortion c/a = 0.9937. 
We fitted the data of the cubic phase (at 70K) with the 
spinel structure using the space group mFd3 , as found 
earlier for ZnV2O4 [1]. A summary of the results is given 
in Table 1. Although, later measurements on E5 
indicated that cubic MgV2O4 crystallizes in the lower-
symmetric space group mF 34 , where the d-glide plane 
is violated. 

 
Figure 1:  

Neutron powder diffraction pattern at 2 and 70 K. a) shows the 
magnetic peaks which appear at lower Q below TN = 37 K. At high 
Q-values the particular structural Bragg peaks show a splitting 
at lower temperature indicating the tetragonal distortion. All the 
given indices correspond to the cubic cell. 

          Date of Report:   14/01/2009 
But in the neutron powder patterns the superstructure 
reflections (as the 200 or 420) observed in our single-
crystal experiment, could not be detected, since they 
were found to be rather weak. Therefore it seems not 
surprising, that the refinements in the lower symmetric 
space group mF 34  did not show any improvement. 
Finally the refinements were carried out in the higher 
symmetry space groups and amdI /41 mFd3  for the 
data collected at 2 K and 70 K, respectively.   
At 2 K we observed additional primitive Bragg 
reflections, which could be generated with the rule 
(hkl)M = (hkl)N ± k, where the wave vector is k = (001). 
The refinement of the magnetic structure resulted in a 
highly reduced magnetic moment of 0.35(5)μB per V -
ion.   

B

3+

 
Table 1: Fitting parameters for crystal structure of 
MgV2O4. For mFd3  (at 2 K) Zn is at the Wyckoff 
position 8a (1/8,1/8,1/8), V at 16d (1/2,1/2,1/2) and O at 
2e (x,x,x); for  (at 70 K) Zn is at 4a(0,3/4,1/8), V 
at 8d (0,0,1/2) and O at 16h (0,x,z), respectively  

amdI /41

T (K) 2 70 
a (Å) 5.9585(1) 8.40856 (13) 
c (Å) 8.37562 (14)  
V (Å3) 297.44(1) 594.51(3) 
x(O) - 0.26057(8) 
x(O) 0.02021(16) - 
z(O) 0.26156(12) - 
Χ2 2.786     4.431 

 
Reference 
 
[1] M. Reehuis et al., Eur. Phys. J. B  35 311 (2003). 
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Introduction:  
 
By SANS, the 2D magnetic field distribution of 
bulk vortex lattices (VL) may be studied in 
great detail. SANS offers access for measuring 
the coherence length and penetration depth, 
VL symmetry and pinning potentials as 
function of applied magnetic field and 
temperature. But until nowadays, this was 
limited to the static properties of VLs. 
Microscopic measurements of vortex dynamics 
are only possible for thin film, where surface 
effects and pinning play a dominant role. 
Therefore, the intrinsic properties of VL 
dynamics are only accessible by macroscopic 
techniques as i.e. transport measurements. By 
using time resolved stroboscopic SANS we 
now succeeded in microscopically measuring 
the dynamic properties of bulk undisturbed 
VLs.  
 
Setup:  

A static magnetic field Bstat was applied 
parallel to the incident neutron beam as well as 
parallel to the (110) axis of the bulk Niobium 
single crystal. By applying a small magnetic 
field Bosc in the scattering plane perpendicular 
to Bstat , the magnetic field direction may be 
moved due to vector addition of the two fields. 
Bosc was driven with rectangular pulses, 
generating two equilibrium positions for B – 
and therefore also for the VL in the sample. 
The dynamic response of the VL, especially its 
relaxation processes have been recorded by 
time resolved stroboscopic SANS at V4 at 
HMI. The time resolution of this setup is 
defined by the used sample detector distance 
and the used wavelength, caused by smearing 
due to the finite wavelength resolution of the 
selector. At 11 Å, a time resolution of about 
20ms is observed. The measurement is 

performed in a stroboscopic manner adding 
many cycles.  

Rockingscan performed at 4K and B
stat

 100 
mT, timescale in ms. B 

osc
 = 4mT. The 

repetition cycle of the oscillating field was 2 
Hz.  

 
The shifting of the VL between the two 
equilibrium positions is visible. Switching the 
field B 

osc
 on or off is a symmetric process. The 

equilibrium is reached after about 600ms after 
the magnetic field direction is changed. As 
theVL firstly reacts on the changed field at the 
surface of the sample, the propagation of the 
VLinto the bulk sample may be described as 
strongly dampened wave.  
 
Results:  

By performing rocking scans, we were able to 
observe in detail the switching of the VL 
between the two different equilibrium positions, 
as shown in fig.1.  A detailed analysis of the 
involved relaxation processes concerning flux 
creeping and flux flow will follow. 
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   Novel superconductivity in a heavy fermion 
compound CeCoIn5 with Tc = 2.3 K has been 
studied extensively. In particular, various 
experimental results have recently suggested 
that “FFLO state” appears at low-T and high-H 
corner in the H-T phase diagram in this system 
[1]. In order to directly detect the FFLO state in 
CeCoIn5, we have performed SANS 
experiments, which is the only technique to 
bare an evidence of the FFLO state. 
 
   The measurements were carried out at V4. 
Neutrons with wavelength of 4.5 Ǻ were used, 
and PSD was set at 4 m position from the 
sample. A 3He-4He dilution refrigerator with a 
vertical-field magnet was used to cool the 
sample down to 0.05 K. Single crystals of 
CeCoIn5 were aligned on an Al2O3 plate so that 
the c-axis is parallel to the vertical magnetic 
field and the a-axis is parallel to the incident 
neutron beam. The crystals cover the area of 
16mmφ. The total mass of the crystals is about 
0.4g. We had 3days beamtime. We used about 
1.5 days for the measurement, since we spent 
the rest for experimental setup and recovery 
from some setup problem 
 

In this configuration, diffractions from the 
vortex lattice should appear on the horizontal 
line in the image. In addition to them, in the 
FFLO phase, weaker superlattice spots are 
expected to appear on the vertical lines, 
reflecting periodic nodal planes originating 
from the spatial modulations of the 
superconducting order parameter along the 
flux line.  

 
Continuing to the previous measurement 

performed in February 2008, we carried out ω 
scans to search the signals from the 
superlattice in a wider Q region at 0.05 K and 
4.8 T, where the FFLO phase is expected to 
exist. However, clear evidence of the FFLO 
phase was not bared. 

At 4.8 T, we did not observed the original 
spots from the vortex lattice, too. Therefore, 
we performed the measurement at 3 T to 
estimate intensity by observing the original 
signals from the vortex lattice, because more 
intense signals are expected at 3 T because of 
the multiplicity. However, we did not detect the 
diffractions. Based on the present 
measurement, it was concluded that we need 
to increase the sample amount to detect the 
weak signals from the superlattice in the FFLO 
phase. We are planning the continuation to this 
study after preparing enough amount of the 
sample. 
 
[1] For example, K. Kumagai et al., Phys. Rev. 

Lett. 97 (2006) 227002. 
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Introduction:  
The symmetry of vortex lattices (VL) is strongly 
influenced by so called non local corrections to the 
Ginzburg-Landau (GL) theory, extending its 
applicability to medium inductions and 
temperatures. But also the topology of the Fermi 
surface of the underlying superconducting material 
can play an important role. By applying the 
magnetic field along a four-fold (100) crystal 
symmetry direction, frustration between the six-
fold VL symmetry is induced, thus leading to a rich 
VL phase diagram in Niobium. An isosceles phase 
at high temperatures is followed by an scalene 
phase at medium fields, surrounded by a high field 
and low field square VL phase [1]. Typical data for 
the scalene phase, obtained on V4 is shown in fig.1. 
Furthermore, these VL structures have the 
surprising property to break crystal symmetry. The 
origin of the symmetry breaking transition 
nevertheless remains unclear. In order to further 
examine the VL topology of Niobium with the 
magnetic field applied along the (100) axis, we 
have performed high resolution SANS on V4. 

Results:  
The instrument was used in conventional SANS 
geometry, the resolution was improved by adding a 
further slit at 12m collimation length, defining a 
L/D ratio of 600. A horizontal cryo-magnet was 
used for the studies. The VL symmetry was 
measured as a function of the angle β, defining the 
angle between the (100) symmetry direction and the 
direction of the applied magnetic field in an (110) 
plane. The results may be summarized as follows: 
The symmetry breaking transition of the VL in 
Niobium vanishes for all four phases at a 
characteristic angle β at roughly 19° away from the 
(100) axis. The scalene phase shows an additional 
characteristic angle α at 6°, where VL symmetry 
changes from scalene to isosceles. Both α and β 
only show a weak temperature dependence which is 
given in fig.2 and 3 for β. As non local corrections 

to GL are supposed to show a pronounced field and 
temperature dependence and as furthermore 
magnetoresistance, mapping the Fermi topology, 
shows characteristic features at 17° off the (100) 
axis, we state that the reason for the mentioned 
symmetry breaking transition may be due to Fermi 
topology effects.  

 

 

 
Fig. 1: The inset shows typical data for the scalene phase 
at 2K and 150mT for B parallel (100). The graph 
displays the internal angle of two VL domains as a 
function of the rotation angle of B. The characteristic 
angle β at 17° is visible. Fig. 2 and 3: Temperature and 
field dependence of the characteristic angle β.  

[1]  Laver  et al PRL 96, 167002 (2006)  
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Magnetic properties of MnSi are intensively 
studied in recent years. One of the reasons is the 
ability of this system to reach the quantum critical 
point (QCP), i.e. zero-temperature second-order 
phase transition – quantum phase transition (QPT) 
between magnetic and non-magnetic state driven 
by external parameter. This parameter could be 
applied pressure [1], magnetic field and so on. 
Replacing small amount of magnetic ions (Mn2+) by 
the ones of different type gives rise to QCP. In this 
case the concentration of doping ions is an 
external parameter driving QPT. 

The weak itinerant ferromagnet MnSi has the 
space group P213 with the lattice constant 
a = 0.456 nm. The magnetic structure is a left-
handed ferromagnetic spiral along the <111> 
direction with a propagation vector 
k = (2π/a)×(ξξξ), where ξ = 0.017. This spiral 
structure is the result of hierarchy of three main 
interactions [2]: ferromagnetic exchange interaction 
responsible for the ferromagnetic ordering, 
Dzyaloshinskii-Moriya (DM) interaction responsible 
for the spiral arrangement and weak anisotropic 
exchange (AE) interaction fixing the direction of the 
magnetic spiral along one of the cube diagonals. 
As it was found in [1], Tc decreases with increasing 
pressure and the critical pressure is pc ≈ 14.6 kbar.  

The PPMS and SANS experiments have shown 
that the substitution of Mn by Fe changes the 
critical temperature Tc. The critical temperature 
decreases linearly with the concentration y. By 
linear interpolating we have got critical value 
y = 0.14, where Tc vanishes to zero. Our estimates 
show that it is the isotropic exchange interaction 
that is related to and responsible for the decrease 
of Tc, while the DM interaction is changed with the 
Fe concentration insignificantly. 

Paramagnetic neutron spin echo (NSE) was 
used to investigate the critical dynamics in these 
compounds. The experiments were performed with 
a wavelength of 6.5Å.  

The intermediate scattering function I(Q, t) was 
measured at different temperatures in the critical 
region near Tc (Tc ≈ 16, 9.5, and 6.6 K for y = 0.06, 
0.08 and 0.10 respectively) and for different 
scattering vectors q=|q|=|k-Q|. 

 
Figure: Normalized scattering function in Mn1-yFeySi 
for different Fe doping at the same T-Tc = 1, q = 0 Å-1. 
 

The normalized scattering functions for three 
crystals are shown on the picture for two different 
temperatures at the magnetic Bragg position. The 
solid lines show the best least square fit to an 
exponential decay: 

I(q, t) ~ y0+A exp(-t/t0). 

This exponential law Fourier transforms to the 
scattering function:  

S(q, ω) = 2/π Γ/(Γ2 + ω2) 

with the HWHM linewidth Γ [µeV] = ħ/t0 = 0.658/t0 
[ns].The dependence of the magnetic relaxation on 
the temperature and scattering vector is as weak 
as in pure MnSi (see PHY-03-471 report), 
indicating, obviously, the same origin of behavior 
during the phase transition. But the relaxation 
slows down relatively with increasing the doping 
Fe. 
 
[1] C. Pfleiderer et al, Nature 427 (2004) 227. 
[2] P. Bak and M. Jensen J.Phys. C 13, (1980) 
L881. 
[3] S.V. Grigoriev et al Phys.Rev. B 72 (2005) 
134420. 
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Magnetic properties of MnSi are intensively 
studied in recent years. One of the reasons is the 
ability of this system to reach the quantum critical 
point (QCP), i.e. zero-temperature second-order 
phase transition – quantum phase transition (QPT) 
between magnetic and non-magnetic state driven 
by external parameter. This parameter could be 
applied pressure [1], magnetic field and so on. 
Replacing small amount of magnetic ions (Mn2+) by 
the ones of different type gives rise to QCP. In this 
case the concentration of doping ions is an 
external parameter driving QPT. 

The weak itinerant ferromagnet MnSi has the 
space group P213 with the lattice constant 
a = 0.456 nm. The magnetic structure is a left-
handed ferromagnetic spiral along the <111> 
direction with a propagation vector 
k = (2π/a)×(ξξξ), where ξ = 0.017. This spiral 
structure is the result of hierarchy of three main 
interactions [2]: ferromagnetic exchange interaction 
responsible for the ferromagnetic ordering, 
Dzyaloshinskii-Moriya (DM) interaction responsible 
for the spiral arrangement and weak anisotropic 
exchange (AE) interaction fixing the direction of the 
magnetic spiral along one of the cube diagonals. 

The PPMS and SANS experiments have shown 
that the substitution of Mn by Fe changes the 
critical temperature Tc. The critical temperature 
decreases linearly with the concentration y. By 
linear interpolating we have got critical value 
y = 0.13, where Tc vanishes to zero. 

We could not obtain single crystals with 
concentration y = 0.13 up to the experiment time. 
We used two crystals with y = 0.09 and 0.11 
instead. We checked these samples with 
magnetization measurements (see fig.). As it can 
be clearly seen from the picture, the y = 0.09 
sample still behaves as a pure MnSi and lower 
concentration samples: it exhibit two critical fields 
HC1 and HC2, responsible for the helix domain 
reorientation and field-induced phase transition 
from conical to ferromagnetic state respectively [4]. 
For the second sample HC1 is shifted to almost 
zero, while HC2 and then the associated with it 
phase transition still exist. 

We tried to use paramagnetic spin echo to 
study spin dynamics in both samples, but the 
magnetic scattering from these samples was too 
small to obtain pronounceable spin echo response. 
The possible reason is the crystals we used were 
too small (discs 3mm thick and 5mm diameter). For 

the y = 0.09 sample one needs about 0.15T field to 
orient spirals along <111>, but it was not possible 
to obtain such a field on SPAN while the sample is 
in a cryostat on the beam. For the y = 0.11 the 
reorientation field is very low, but the magnetic 
moment is as one order of magnitude less as for 
the first sample. 

 
Figure: Magnetization curves for y=0.09 and 0.11 with 
the field applied along <111> at T = 3K. 
 
 
[1] C. Pfleiderer et al, Nature 427 (2004) 227. 
[2] P. Bak and M. Jensen J.Phys. C 13, (1980) 
L881. 
[3] S.V. Grigoriev et al Phys.Rev. B 72 (2005) 
134420. 
[4] S.V. Grigoriev et al to be published. 
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UNiAl is a member of the large group of hexagonal 
ternary compounds with ZrNiAl-type structure. It 
orders antiferromagnetically (AF) below TN = 19.3 
K. There are three symmetry equivalent 
propagation vectors (three 1-k domains) that 
describe the AF order [1]. Uranium magnetic 
moments are within each domain modulated 
sinusoidally within the basal plane and coupled AF 
with U moments in the adjacent plane. The 
modulation has been reported not being even 
partially squared-up down to 1.7 K [1]. All the 
moments are oriented along the hexagonal axis and 
the maximum size amounts to 1.25 μB. B

 The single crystal sample used in the 
present study is the same one as used previously for 
neutron diffraction experiment [1] and measured in 
the temperature range between 150 mK and 30 K 
on the double-axis diffractometer E4. The incident-
neutron wavelength was 2.44 Å and an ILL orange-
type cryostat combined with a dilution refrigerator 
insert has been employed to achieve low 
temperatures. The data were collected for about 12 
h at 150 mK and 4 h at 30 K in the case of the 
single crystal. The crystal has been fixed with its 
(hh0)-(00l) plane in the scattering plane. The E4 
diffractometer is currently equipped with a 
200x200mm2 PSD enabling to observe apart from 
the (hhl)+–q1 reflections also those resulting from q2 
and q3 propagation vectors that are few degrees 
above and below the scattering plane. 
 In Fig. 1 we show portion of the reciprocal 
scan on UNiAl single crystal  recorded at 150 mK. 
The area shown in the figure starts on the left at 
(0.65 0.65 0.5) and finishes on the right at (1.35 
1.35 0.5). The two magnetic reflections situated 
along the long horizontal line are indexable as (1 1 
0)+q1 and (1 1 0)-q1 with q1 = (0.1 0.1 0.5). Thanks to 
the large angular opening also reflections lying 
outside the scattering plane indexable by q2 = (-0.1 
0.2 0.5) and by q3 = (-0.2 0.1 0.5) are visible. At the 
first glance, no clear diffracted signal is found at 
the positions of the expected third harmonics (0.7 
0.7 0.5) and (1.3 1.3 0.5). 

 Projections of small areas around the (0.9 0.9 
0.5) and (0.7 0.7 0.5) reciprocal space positions 
onto the horizontal axis are shown in Fig. 2a and 

2b, respectively. As can be seen, there is indeed a 
weak intensity at the (0.7 0.7 0.5) position. This 
results suggests that the AF structure in UNiAl 
starts indeed to square-up in the low-temperature 
limit. The ratio I3rd/I1st of their intensities amounts 
to 0.044. Model calculation with the assumption of 
a completed squaring-up of the sine wave leads to 
the ratio of 0.19. One possible explanation for a 
much smaller 3rd harmonics is that the uranium 
magnetic moments are to a certain extend frustrated 
due to competition of antiferromagnetic and 
ferromagnetic exchange interactions within the 
basal plane. As a consequence, moments cannot 
fully develop and significant fluctuations exist even 

at such a low temperature. 
 

Fig 1: The reciprocal space scan on UNiAl single 
crystal at 150 mK through the six magnetic reflections 
and positions where the third harmonics is to be 
expected. 
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Fig 2: Scattering diffraction profiles recorded at 150 mK 
on UNiAl single crystal at (a) the position of the 
magnetic reflection (0.9 0.9 0.5) and (b) the position of 
the expected third harmonics (0.7 0.7 0.5). 
 
Reference:  
K. Prokeš, et al., Phys. Rev. B 58, 2692 (1998). 
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Using high resolution inelastic neutron scattering 
technique, we have investigated the evolution of the 
spin dynamics of the geometrically frustrated 
triangular lattice antiferromagnet (TLA) CuFeO2 
under application the magnetic field. A 6-Tesla 
horizontal field magnet is implemented to drive the 
system close to the phase boundary where electric 
polarization takes place. Such investigation of the 
elemental excitation will help to understand the 
underlying mechanism of multiferroic effects in the 
frustrated system. 
 
Geometrically frustrated magnetic systems have 
received considerable attention in recent years due to 
the presence of extraordinary magnetic properties. 
The delafossite CuFeO2 is of particular interest 
because of the discovery of multiferroic phenomena 
with either the application of a magnetic field or the 
substitution of nonmagnetic impurities [1-5]. As a 
model material of TLA, CuFeO2 forms an Ising-like 
4-sublattice antiferromagnet order at low temperature, 
with spin moment pointing along the c axis. Our 
recent inelastic neutron scattering (INS) studies [6] 
reveal that the quasi-Ising like spin order results from 
the delicate balance between competing interactions. 
Higher order (up to the third nearest neighbor) 
exchange interactions have to be included in order to 
characterize the dispersion relations in the hexagonal 
plane. We also found dispersive excitations 
perpendicular to the hexagonal plane indicative of a 
substantial inter-layer coupling. Most remarkably, we 
found that the spin wave dispersion has two dips at 
the wavevectors associated with the multiferroic 
phase. The dynamics precursory indicates the system 
could be transformed into a non-conventional spin 
structure that is intimately related to the polar state.  

 
Figure 1 Sketch of CuFeO2 crystal structure and its H-T phase 
diagram. For magnetic field between 7 and 13 Tesla, the 
system exhibits electric polarization 

The close correlation between the magnetic and 
electric properties demands a detailed characterization 
of the spin dynamics as the system is driven into the 
ferroelectric (FE) phase with magnetic field greater 
than 7 Tesla [Fig. 1]. Our earlier INS studies and 
model calculation show that a magnetic field around 7 
Tesla would close the spin-gap (around 0.9 meV) as 
observed in the dispersion curves along [H,H,1.5] 
[Ref. 6]. However, the evolution of the spin dynamics 
remains unknown. Specifically, what is the 
relationship between the spin wave instability of the 
collinear magnetic structure and the appearance of the 
non-collinear magnetic phase when system is driven 
to the multiferroic phase under magnetic field?  
 
A large single crystal of CuFeO2 (mass around 4 g) 
was prepared by floating zone method for the INS 
measurement. Due to the 3D nature of the magnetic 
structure, the magnetic Bragg peaks occur at 
(1/4,1/4,3/2) and equivalent positions. The sample is 
aligned in the [H,H,L] scattering plane to study the 
spin dynamics near the magnetic Bragg peak. A 
horizontal field magnet is needed in order to apply 
field along the spin easy-axis. In addition, a cold 
neutron spectrometer is required due to the rather 
small energy scale of the magnetic interactions. The 
V2 triple-axis spectrometer at BENSC in combination 
with the horizontal-field magnetic makes such 
investigation feasible. 
 
In order to get access to the desired the energy and 
momentum transfer, the sample is oriented such that 
the crystalline c-axis is slightly off the magnetic field 
direction. Figure 2 shows contour maps of the spin 
dynamics along two symmetric directions. Similar to 
our previous INS studies at H=0, the spin wave 
excitations are highly dispersive in both the [H, H, 
1.5] and the [0, 0, L] directions with energies bound 
within 0.5 and 4 meV. The two energy dips (at 
q=0.205 and 0.295) observed in the hexagonal plane 
are exact the wavevectors corresponding to 
incommensurate magnetic structure in the FE phase. 
With the field applied along the c-axis, one clearly 
observed the splitting of degenerate dispersion 
relations in both directions caused by the Zeeman 
energy. To quantify this field dependence, we have 
conducted E-scan at Q=(0.15,0.15,1.5) at several 
magnetic fields (Figure 3). The observed linear 
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dependence of the splitting is well characterized by 
the equation ΔE=2gμBH. It indicates that the spin 
wave of the collinear magnetic structure will be 
destroyed for μ

B

0H>7.7 Tesla, in accord with the data 
shown in Figure 1.  Unfortunately, the available 
magnetic field (5.95 Tesla) is not sufficient to drive 
the system into the electric polarized state, where the 
corresponding spin dynamics deserves future study. 

 
Figure 2 Inelastic neutron scattering results obtained at V2 
cold neutron scattering spectrometer at BENSC.  
 

 
Figure 3 Field dependence of the Zeeman splitting measured at 
the wavevector transfer Q=(0.19,0.19,1.5). 
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V2, the triple axis spectrometer was used to 
investigate the magnetic contribution to the diffuse 
inelastic scattering observed in Tb2Ti2O7. In zero 
field and T = 0.4K, Tb2Ti2O7 is a highly correlated 
cooperative paramagnet with disordered spins 
residing on a pyrochlore lattice of corner sharing 
tetrahedra. Broad, diffuse scattering was observed 
in previous time of flight measurements, 
characteristic of very short ranged spin correlations 
(Fig 1a)1.  This diffuse scattering, which was also 
broad in energy (Fig 1d) was most obvious around 
the (002) position which is structurally forbidden in 
this system.  In small applied fields (B<2T), sharp 
intensity was observed at the (002) position, while 
at the same time, the diffuse scattering intensity 
decreased (Fig 1b, Fig 2).   

 
Fig 1: TOF data showing diffuse inelastic scattering 
around (0,0,2) 

       
Fig 2: Field dependent behaviour of the integrated 
intensities of the diffuse and Bragg scattering. 
 
By using polarised neutrons and separating the spin 
flip (SF) and non-spin flip (NSF) scattering, the 

magnetic component of this diffuse scattering could 
be revealed.  A single crystal of Tb2Ti2O7 was 
mounted in a dilution stick within the asymmetric 
vertical field magnet VM2.  FLEX was oriented 
with two cavity polarizerers; one located within the 
monochromator shielding, the other within the 
detector shielding.  A single spin flipper was 
located before the sample to control the direction of 
the neutron spin. The flipping ratio was around 10 
for the zero field data.  The final wave vector was 
fixed at 1.2 Å-1 and a Be filter was placed in the 
scattered beam to reduce λ/2 reflections. The 
energy resolution of the instrument was 60 μeV full 
width half maximum. 
The SF and NSF scattering was measured for a 
number of Bragg peaks (magnetic and structural) at 
temperatures between 0.035 – 30 K and for fields 
up to 2T.  Constant Q, energy scans were also 
performed around the (0,0,2) position in SF and 
NSF.  Although the application of a magnetic field 
reduces the intensity of the diffuse scattering, a 
small field of 0.25T was necessary to ensure a 
guide field was present in all space.  The inelastic 
results can be seen in Fig. 3. 
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Fig. 3: SF and NSF results around the (002) 
position at 35mK and 0.25T 
 
We observed almost no difference between the SF 
and NSF inelastic scattering around the (002) Bragg 
peak.    In fact due to poor polarisation, low flux 
and stray fields from the magnet the diffuse 
inelastic scattering was not clearly resolved.   
 
1 Rule KC, Ruff JPC, Gaulin BD, et al.PRL 96 
177201 (2006)  
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Recently, the observation of a 1/3 magnetiza-
tion plateau in azurite Cu3(CO3)2(OH)2 led to 
the proposal, that this material represents the 
first realization of a distorted diamond chain of 
coupled S = ½ spins [1-3]. The model consists 
of spin triangles arranged in chain structures, 
with a magnetic coupling of the diamond back-
bone J2, and the monomer couplings J1 and J3 
along the chain, with J1 ≠ J2 ≠ J3. From an ine-
lastic neutron scattering study [3] we extracted 
the coupling parameters in the plateau phase, 
obtaining a dominant antiferromagnetic J2 = 
55K, monomer couplings J1 = 1K; J3 = -20K, 
and an additional superexchange coupling JSE 
= 6.5K between monomer sites. Along the a 
axis, the spin excitation spectrum was disper-
sionless, implying that for this direction the in-
terchain coupling is 1K or less. In order to 
finalize our experiment, here we have studied 
the dispersion along the c axis, viz., determine 
the interchain coupling in this direction.  
The experiment was carried out using the V2 
spectrometer FLEX at BENSC. The single 
crystal of azurite was aligned in a way that in 
reciprocal space the range (0 K L), with 0 ≤ K, 
L ≤ 1, was accessible. Measurements were 
taken at 1.5 K in zero magnetic field, with an 
incident neutron wave vector ki = 1.3Å-1. In the 
Figs. 1 and 2 we summarize the essential 
result of our experiment, the spin excitation 
spectra of azurite for measurements at (0 1 L) 
and (0 0.75 L) up to 5meV. From both figures it 
is apparent that none of the excitation modes 
exhibits pronounced dispersion, putting an up-
per limit of about 1K to the effective interchain 
coupling along the c axis. Altogether, our data 
prove the 1D character of the magnetic 
behaviour of azurite. 
 
[1] H. Kikuchi et al., Phys. Rev. Lett. 94, 
227201 (2005). 
[2] B. Gu, and G. Su, Phys. Rev. Lett. 97, 
089701 (2006). 
[3] K.C. Rule et al., Phys. Rev. Lett. 100, 
117202 (2008). 
 

 
Fig. 1: The spin excitation spectrum of azurite 
at 1.5K along (0 1 L).  
 

 
Fig. 2: The spin excitation spectrum of azurite 
at 1.5K along (0 0.75 L). 
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Recent interest in quantum phenomena in 1D 

antiferromagnet (AFM) is focused on exotic 
behaviour of spins in magnetic field. Particularly 
the spin system with power decay in correlation 
known as Luttinger liquid [1] is one of challenging 
topics. In spinless fermion representation the 
dispersion of 1D AFM is half filled with the Fermi 
wave vector of kf=π/2, and consequently the spin 
correlation is staggered. The magnetic excitation 
is characterized by gold stone mode from q = π. 
In applied field, on the other hand, the number of 
the fermion changes and the dispersion is no 
longer half filled. Consequently the spin 
correlation becomes incommensurate (IC) and 
soft mode at IC wave vector appears. Such 
behaviour was observed in ideal Heisenberg 1D 
AFM Cu benzoate and Cu pyrazine dinitrate 
[2,3]. Since both compounds are located quite 
close to quantum criticality, the long range order 
is not observed. In contrast in Ising-like XXZ 
model, the ground state in zero field is Néel 
ordered state. Applied field induces quantum 
phase transition and the spin liquid with IC spin 
correlation is predicted.  
Experimental realization of such Ising-like S=1/2 

XXZ compound with ideal energy scale for 
inelastic neutron scattering (INS) experiment is 
found in BaCo2V2O8 [4,5,6]. From the 
magnetization and ESR measurements ε =0.5, 
J=65K were identified [5]. Here ε is anisotropy 
parameter. Néel order appears at 5.4K and the 
ordered phase is suppressed when field is 
applied in easy axis. Surprisingly the Néel order 
does not simply disappear as in theoretical 
prediction but a novel magnetic order appears at 
low temperature and in high field [6]. The phase 
is ascribed to freezing of IC spin correlation 
characteristic of 1D AFM in field and indeed we 
observed the associated IC magnetic Bragg peak 
[7].  
In the last proposal round we performed 

inelastic neutron scattering by using horizontal 
magnet (HM1) in V2/FLEX. In Fig. 1 (a) a set of 
constant q scans in H = 6T are shown. Well 
defined peak is observed at 0.9 meV in q = (-4 0 
1) and the peak energy systematically shifts to 
lower energy with q. In Fig. 1 (b) the gapless 

excitation from incommensurate wave vector at 
qIC = (-4 0 1.175) is clearly obtained. The 
behaviour is totally consistent with longitudinal 
Szz(q,ω) calculated by exact diagonalization 
method with 28 sites. Similar results are obtained 
at H = 5T and 4.5 T.  
 At present we have a few problems: we did not 
observe any meaningful signal at l > IIC=1.175 
and we have not observed any transverse 
excitation in high field. We think that this is 
because of short of counting time. We are 
planning continuation experiment to obtain 
publication quality data in the next proposal 
round.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: (a) Constant q scans at H = 6T.   
               (b) Magnetic dispersion at 6T. 
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Over the last decade, several exotic quantum 
phenomena have been observed in spin dimer 
systems. For instance, the field-induced Bose-
Einstein condensation (BEC) of magnons [1] was 
observed in a quantum dimer system, TlCuCl3, 
and the field-induced Wigner crystallization of 
magnons [2] was observed in the Shastry-
Satherland orthogonal dimmer system 
SrCu2(BO3)2. Recently, a new class of spin dimer 
systems has been reported with the general 
formula A3B2O8 (A=Sr2+, Ba2+, B=Mn5+, Cr5+) [3], 
where the 5+ transition metal ion forms dimers 
along the c axis. Interestingly, a frustlating 
triangular lattice is formed by the dimers in the ab 
plane.  For Ba3Mn2O8 with orbitally 
nondegenerate Mn5+(3d2, s=1), specific heat 
measurements under H suggests a condensation 
of magnons. A recent inelastic neutron scattering 
study showed that the magnetic interactions 
between dimers are effectively teo-dimensional 
in nature as a result of this interplane frustration 
[4]. On the other hand, a related chromate, 
Ba3Cr2O8 has  the quantum spin from the 
orbitally degenarate Cr5+(3d1, s=1/2) ion. Most 
recently, we have perfomed inelastic neutron 
scatering measurements for Ba3Cr2O8, and we 
found that there exist three singlet-triplet 
excitation modes. Our complete analysis shows 
that the three modes are due to spacially 
anistropic interdimer interactions that are induced 
by the lattice distortion of the tetrahedron of 
oxgens surrounding the Jahn-Teller active Cr5+ 
ion [5]. 

In order to investigate the BEC of magnons in 
the new quantum dimer based on non-Cu2+ ion, 
Ba3Cr2O8, we carried out neutron scattering 
measurements using the V2 triple-axis 
spectrometer along with VM1B 15T vertical 
magnet and dilution refrigerator. Above H=12T, 
elastic magnetic scattering was observed at 
Q=(1/2, 1/2, 3). Figure 1(a) shows magnetic 
Bragg intensity as a function of magnetic field at 
various temperatures. From the power-law fitting, 
we determined critical field, Hc (T), and obtained 
the phase diagram of ordered phase (Fig.1(b)). 
The BEC theory  

 
Fig1 : (a) Magnetic Bragg intensity as a function 
of magnetic field. (b) Phase diagram of BEC 
phase. 
 
predicts that the critical temperature Tc and Hc 
are related in a power-law, Tc ~ [Hc(T)-Hc(0)]v 
(v=2/d), where d is dimensionality. The obtained 
value from our data is v=0.52(4) which is smaller 
than the theoretical value (d=2/3).  
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A recent detailed experimental study of the wave 
vector and temperature dependence of the lifetimes 
of transverse acoustic phonons in the elemental 
superconductors Pb and Nb found that the 
superconducting energy gap coincides with sharp 
Fermi-surface anomalies [1]. Here the phonon 
lifetime shows a pronounced peak at designated 
wavevectors which shows up as deviations from the 
linear behaviour of the dispersion. Despite known 
Kohn-anomalies a new energetically low-lying 
anomaly in the dispersion with reduced lifetime was 
found which is not reproduced by theoretical 
calculations based on functional perturbation theory 
and its origin remains unexplained. The aim of this 
experiment is to explore one possible scenario for 
the microscopic origin of the anomaly, which is 
based on the existence of spin-density waves 
(SDW) as predicted by Overhauser [2].  
 
Originally SDWs in Pb were suggested by 
Overhauser and Daemen [3] to explain a low 
temperature residual electronic specific heat 
observed in Pb. The search for SDWs in elemental 
Pb has led to conflicting experimental results and 
has been discussed controversially since [4, 5, 6]. 
Early neutron scattering measurements searching 
for elastic satellites to the (210) Bragg peak in zero 
magnetic field were performed at NIST using the 
BT-9 spectrometer. These measurements gave a 
negative result at the 5x10-8 sensitivity level. 
Overhauser [6] explained this finding with a 
longitudinal polarization state of the SDW resulting 
in zero intensity for the (210) SDW-satellites. He 
also showed that it is possible that a magnetic field 
can rotate the polarization vector resulting in a 
transverse component which renders a SDW visible 
to neutrons and thus the SDW will show up as field-
induced elastic scattering intensity. The optimum 
orientation of the field with respect to the total 
wavevector Q is at 45°.  
 
In order to test the SDW scenario we performed a 
series of elastic Q-scans. FLEX was operated in a 
configuration with scattering senses (SM=-1, SS=-
1, SA=+1) at ki = kf = 2.66 ®-1. Two PG filters where 
installed in the first arm to suppress second order 
contamination. The same lead single crystal as 
used for the previous NRSE measurements was 
mounted in the (hk0) scattering plane in the new 
horizontal field magnet HM3. The accessible 
wavevector space close to the (210) Bragg peak 

has been mapped out at zero field and B=5T. The 
magnetic field was oriented at 45° relative to the 
crystallographic (210) direction. The Figure shows 
the B=5T data as an example. The pronounced 
ring-like features could be attributed to either Al 
powder lines or double scattering involving 
scattering from a Pb Bragg peak and Al powder 
scattering. No field dependent elastic signal 
indicative of a SDW could be found within the 
accessible Q-range at 45° field angle. Additional 
elastic measurements were performed with the field 
at 65° relative to the (210) direction. However the 
corresponding zero field measurements could not 
be completed due to the reactor shutdown. Thus 
the region close to (1.25 1.25 0) still remains 
unexplored calling for further experiments. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.: Map of the accessible wavevector space close to the 
(210) Bragg peak measured at B=5T.  
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We performed an inelastic neutron scattering 
experiment on the triple axis spectrometer FLEX at 
Neutron Cold Guide, BENSC, Helmholtz Zentrum 
Berlin. The aim of this experiment was to 
investigate the magnetic excitation spectrum of 
Sr3Cr2O8 where the Cr

5+ 
ions have S=1/2.    

For our investigations we used one single crystal of 
Sr3Cr2O8 of length 2.7 cm, diameter 6.4 mm and 
mass around 3.8 g. FLEX was operated in the W 
configuration (+ - +). The collimation settings were 
guide-60’-open-open, meaning that the beam was 
collimated only after the monochromator. Most of 
the measurements were performed with a fixed final 
wavevector kf=1.2 Å

−1 
below 2 K.  

 
The one-magnon excitations were measured by 
performing energy scans at constant wavevector in 
the QH-QL plane in the hexagonal coordinate 
system.   
 
Along (0,0,L) and (1,0,L) we found one dispersion 
mode (see Figure 1), but there is a shift of one 
reciprocal lattice unit in the period of the sinusoidal 
mode for the (1,0,L) with respect to the (0,0,L).  

 
Fig 1. One-magnon excitation spectrum as a function 
of energy and wavevector in the (0,0,L) direction.  

Along (h,0,1.5) (h,0,4.5) (0.5,0,l) and (h,0,3) we 
found three modes, which cover a bandwidth in 
energy from 3.5 meV to 7 meV (Figure 2). The 
three modes arise from the three domains which 
form below the hexagonal to monoclinic transition 
at around room temperature [1].  

 
(a) (b)  

Fig 2. (a)One-magnon excitation spectrum as a 
function of energy and wavevector in the (h,0,1.5) 
direction. (b) One-magnon excitation spectrum as a 
function of energy and wavevector in the (h,0,3) 
direction  

The experiment was completely successful and 
there were no complications or problems. Although, 
some more time was needed at the instrument to 
investigate the dispersion in the hexagonal plane 
(H, K, 0). Data analysis is underway to determine 
the dominant exchange paths and compare them to 
the values suggested in [1].  
 
Reference:  
[1] L.C. Chapon, C. Stock, P.G. Radaelli, C. Martin 
LANL preprint server http://xxx.lanl.gov/abs/0807.0877 
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Iron is known as a weak ferromagnet [1]. This means 
that due to particularities in the band structure there is 
some tendency to magnetic instability. For instance, it 
has been observed long ago [2] that the temperature 
dependence of the zero field spontaneous magnetization 
measured by 57Fe NMR does not agree with the 
macroscopic spontaneous magnetization [3]. In fact, 
upon magnetic saturation the properties of iron change 
fundamentally. Fig. 1 shows zero field 57Fe NMR and 
Mössbauer spectroscopic (MS) data of iron as a function 
of absolute temperature squared. These data reveal 
crossover from low temperature T2 function to high 
temperature T9/2 function at crossover temperature 
TQS=615 K. Since iron is cubic (isotropic) in zero field 
this crossover can be interpreted as quantum state 
crossover (QS) from half-integer effective spin Seff=5/2 
to integer spin Seff=2 [4]. 
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A completely different analysis is obtained for the 
macroscopic spontaneous magnetization [3]. Fig. 2 
shows data after [3] as a function of (T/TC)2. Crossover 
from T2 to T3 function at crossover temperature T∗=275 
is identified. T3 is the universality class of 1D magnets 
with integer spin [4]. This shows that upon magnetic 
saturation iron has assumed axial symmetry and is one-
dimensional (1D). The effective spin is Seff=2. 
Interpretation of low temperature T2 function also is by 
Seff=2 but now with 3D anisotropic (dynamic) symmetry. 
We have performed field dependent elastic neutron 
scattering studies on a single crystalline iron sphere in 
order to observe the spin- and dimensionality crossover 
upon magnetic saturation. Fig. 3 shows absolute 
intensity data of two independent experiments as a 
function of a vertical field. Instead of increasing the 
scattering intensities decrease. Reduced intensities are 

typical for 1D symmetry. The sudden drop in intensity at 
BBDC=0.65 T we identify as crossover. This crossover is 
below the demagnetization field and must be driven by 
magneto-elastic effects rather than by the field. From the 
fact that the anomaly at BDC is observed only in neutron 
scattering but not in the macroscopic magnetization it 
can be concluded that the crossover from 3D to 1D 
symmetry involves mainly the transverse magnetization 
components. 
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[4] U. Köbler, A. Hoser, Physica B 362 (2005) 295.   

95



EXPERIMENTAL REPORT Proposal N°  
PHY-03-530-EF 

Instrument V3 
Spin excitations in the [V30Mo72] Kagome 

Molecular Cluster. 
Local Contact  
E. Kemner 
M. Russina  

Principal Proposer: T. Guidi, Hahn-Meitner-Institut, Berlin Date(s) of Experiment 
Experimental Team: J. van Slageren, University of Nottingham, UK
 B. Lake, Hahn-Meitner-Institut, Berlin 
 O. Pieper, Hahn-Meitner-Institut, Berlin 

02/07/2007 – 09/07/2007

  Date of Report: 08/01/2009 
 
  We used NEAT time of flight spectrometer to investigate 
the low energy spin excitations in the Keplerate 
molecular cluster [V30Mo72].  The structure of the 
molecule consists of 30 VIV ions arranged in corner-
sharing triangles that are grouped around pentagons to 
form an icosidodecahedron (Fig. 1) [1]. Each individual 
VIV ion has s= ½ and the antiferromagnetic interaction 
within the triangles makes this system highly frustrated 
Theoretical calculations predict an S=0 ground state and 
a broad band of energy levels for the excited states [2]. 
Quantum Monte Carlo simulations of magnetic 
susceptibility data collected on [V30Mo72] predict a 
strong exchange interactions (J / kB = 245 K) [1] and the 
singlet to triplet excitation is expected at an energy 
transfer of about 4.5 meV. In the rotational band model 
the energies of the lowest states of each spin multiplicity 
are proportional to the square of the total spin quantum 
number. The lowest spin configurations are proposed to 
arise from the coupling of three parallel lattices of 10 
spins each. A more detailed calculation for V30 cluster 
shows that instead of discrete levels, bands of states are 
formed (Fig. 2, ref [2]), and therefore very broad INS 
transitions are expected. 

 1 

  Preliminary inelastic neutron experiments in zero 
magnetic field revealed the presence of a broad inelastic 
peak centered at about 7 meV, but the temperature and 
Q dependence of the observed feature give an indication 
of the presence of phonon excitations that may mask the 
magnetic scattering.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 a) Structure of [V30Mo72]. The coloured balls are the 
vanadium ions.  
b) A fragment of the[V30Mo72] cluster showing the five linked 
triangles  around the pentagon.  
c)  A fragment of the Kagome lattice.  
 
 

  Here we used INS under an applied magnetic field to 
investigate the magnetic component of the broad 
excitation previously observed. Experiments were 
performed using a 5 T cryomagnet at a base temperature 
of 1.5 K. An incident wavelength of 2.1 Å was used to 
explore the energy transfer region up to 18 meV. Fig. 3 
shows the INS intensity as a function of energy transfer, 
integrated over 0<Q<5 Å-1, and for two different magnetic 
fields, B = 0 T and 5 T. The broad feature that extends 
from  4 to 11 meV is consistent with what previously 
observed on the  IN5 spectrometer in zero field.  
The data at 5 T show little differences with respect to the 
data in zero field. The magnetic component is thus found 
to be very weak and masked by the dominant non 
magnetic background.     

 
Fig. 2 Energies (in units of J) of the low lying spin states of 
V30 as a function of total spin S.[2]  

 

. Fig. 3 INS spectrum measured with λ=2.1 Å, T=1.5 K and 
two different magnetic field values, B=0 (black) and 5 T 
(red). 

 
 

[1] A. Muller, A. M. Todea, J. van Slageren, M. Dressel, H. Bogge, 
M. Schmidtmann, M. Luban, L. Engelhardt, M. Rusu, Angew. Chem. 
Int. Ed. 44, 3857 (2005). 
[2] R. Schmidt, J. Richter, J. Schnack, J. Magn. Magn. Mater. 295, 
164-167 (2005) 
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11/02/2008 – 16/02/2008

  Date of Report: 21/05/2008 
 
The RPdIn compounds exhibit interesting 
magnetic properties, which have been 
widely investigated in the past. The 
proposed experiment on RPdIn (R=Ce, Pr, 
Nd) was aimed to determine the crystal 
field levels scheme using the INS 
technique. In fact no reliable analysis of 
CEF effects on RPdIn family could be 
found in literature.  
 
Experiment was performed for CePdIn and 
PrPdIn samples. Additionally LaPdIn 
sample was measured as a reference. 
Measurements for CePdIn sample 
revealed highly delocalised nature of the 4f 
electrons. No clearly visible crystal field 
(CF) effects were observed. However, 
some interesting asymmetry of the elastic 
line was evidenced. This asymmetry may 
be related to strong electronic correlation 
at least at low temperatures. In 
contradiction, for PrPdIn sample analyse of 
INS spectra confirm crystal field levels 
splitting estimated from specific heat data. 
It may be deduced, that the ground CF 
state is a singlet. The next singlet is 1.7 
meV above the ground state. Third CF 
level is located at 2.8 meV above the 
ground state. The small energy between 
ground and first excited CF level explains 
non Curie-Weiss behaviour of magnetic 
susceptibility of PrPdIn. 
 
On the other hand, in energy gain spectra 
there are visible transitions from higher CF 
levels, at about 33 meV (380 K), 25 meV 
(290 K) and 18 meV (210 K). All this 
transitions are in a good agreement with 
splitting estimated basing on specific heat 
data. 
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This research project has been supported by 
the European Commission under the 6th 
Framework Programme through the Key 
Action: Strengthening the European Research 
Infrastructures.    
Contract n°: RII3-CT-2003-505925 (NMI 3). 
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The RPdIn compounds exhibit interesting 
magnetic properties, which have been 
widely investigated in the past. The 
proposed experiment on NdPdIn sample 
was aimed to determine the crystal field 
levels scheme using the INS technique. 
The LaPdIn sample was considered as the 
reference for extracting the phononic 
contribution. 
An example of collected data is given in 
the figure 1. The spectrum was collected at 
2.5 K. Anomalies are clearly visible at 
energies of 1.8, 4.2, 6.2, 9.3 meV. The 
energies (except the last one) are in a very 
good agreement with those estimated on 
basis of specific heat measurements. The 
comparison is presented in figure 2.  
It is clearly visible, that the Nd3+ multiplet is 
split into five crystal field dublets. 
Moreover, it was shown that the ground 
dublet is not split due to magnetic 
correlations. It is interesting, that at energy 
gain of about 5.1 meV some anomaly is 
visible. The origin of this anomaly seems to 
be unclear at the present state of data 
treatment. 
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Figure 1. INS data for NdPdIn at 2.5 K. 
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Figure 2. Comparison of crystal field 
splitting as derived from specific heat data 
(left) and INS (right). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This research project has been supported by 
the European Commission under the 6th 
Framework Programme through the Key 
Action: Strengthening the European Research 
Infrastructures.    
Contract n°: RII3-CT-2003-505925 (NMI 3). 
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Spin-ladders represent important model 
systems in quantum magnetism since their 
properties lie between the classes of one-
dimensional and two-dimensional magnetic 
systems. It is believed that a better 
understanding of spin-ladder systems will lead to 
a more complete description of 2D magnetic 
systems in general. In gapped ladder model 
systems the microscopic origin of the energy 
gap, multi-particle continua and bound states are 
theoretically extensively investigated. However, 
only a few gapped ladder systems have been 
synthesized and are available for experimental 
studies.  

The novel two-leg spin-ladder material 
BiCu2PO6 is an ideal candidate for experimental 
investigations. Structural studies reveal that two 
distorted square pyramids with a Cu2+ (S=1/2) 
ion situated in their centers form Cu dimers [1]. 
Each dimer connects two others by its four 
corners resulting in a zigzag double chain along 
the b-axis. Susceptibility and specific heat 
measurements [1] suggest absence of long-
range magnetic order and indicate that the spin 
gap is about 3 meV while intraladder leg coupling 
is J~7 meV (~ 80 K). The system thus provides a 
unique opportunity to examine the excitations in 
a temperature range from well above J to well 
below J quite conveniently. Since the measured 
magnetic susceptibility is significantly lower than 
the 2D HAF and the isolated ladder, NNN 
interactions along the legs might play an 
important role introducing some degree of 
frustration into the system. 
 Figure 1 shows the magnetic contribution 
of powdered BiCu2PO6 at 3K. Data were 
collected at λi=2.4 Å, which gives an energy 
transfer up to 12meV, and an energy resolution 
of 0.8meV at the elastic line. One can see a gap 
of roughly 2meV, as well as some steep 
dispersion around Q=1.1 Å-1 (as well as 2.2 Å-1). 
It seems that the signal is split into two branches, 
at 5 and 7meV, however it is difficult to judge 
from such powder datasets. Their intensities 

decrease as Q increases, a signature of spin 
waves (expect I ∝ 1/Q for magnons). This can be 
contrasted with BiCu2VO6 [2] that has 3 modes at 
much higher energies (16, 25 and 39meV).  

 
Fig. 1: Powder averaged inelastic spectrum 
showing the magnetic contribution in BiCu2PO6. 
50K data have been subtracted from 3K data. 
Two magnon bands are visible at ~5 and ~7 
meV. 

Our data agree with the susceptibility 
results, since the maximum of the susceptibility 
(dominant interaction at 64 K = 5.5 meV) 
coincides with the lowest of the measured 
modes. Furthermore, we see the gap at about 
1.1 Å-1 (and at Q=2.2 Å-1). This would correspond 
to the middle of the B.Z., i.e. π/d. Hence, d≈2.85 
Å from our data. The intradimer distance of the 
Cu dimmers in this structure is 2.8 Å [1]. So the 
characteristic distance we get out from the NEAT 
data coincides with the proposed dimmers from 
the structure. 
           A single crystal experiment would clarify 
the situation and give a much better picture of 
the exchange couplings in the system. 
 
References: 
[1] B. Koteswararao et al., Phys. Rev. B 76, 
052402 (2007) 
[2] T. Masuda et al., Europhys. Lett., 63, pp. 757-
763 (2003) 
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The perovskite orthovanadates RVO3 
(R=rare earth) provide an ideal environment to 
study the orbital degree of freedom and its 
interplay with the spin and lattice. There are 
two t2g electrons in V3+, which adopt the high-
spin configuration due to Hund’s-rule coupling. 
One electron always occupies the dxy orbital 
due to the orthorhombic distortion, and the 
other electron occupies one of the two possible 
states dyz or dzx. The orbital pseudospin is 
T=1/2 and, orbital quantum fluctuations are 
expected to play an important role in the 
physics of RVO3. 

 
These compounds can exhibit either a 

G- or a more exotic C-type magnetic structure, 
as well as combinations of both as a function 
of temperature. According to the standard 
Goodenough-Kanamori rules, a G-type spin 
structure is compatible with a C-type orbital 
arrangement and vice versa. However, from 
inelastic neutron scattering studies of YVO3 [1] 
it was shown that this mechanism is not 
enough to account for the behaviour of such 
systems. Indeed, a more detailed and complex 
theory developed [2] was needed to explain 
the intermediate temperature C-type spin 
phase, in terms of pseudo-1D orbital chain 
formation along the crystallographic c-axis. 

 
Following up our previous experiment 

conducted at IN8, ILL, we were able to get the 
temperature dependence of the signal at the 
centre of the BZ for the two phases. Figure 1 
shows the inelastic spectrum at Q = (½ ½ ½), 
corresponding to the ordering wave-vector of 
the G-type spin ordering. The two previously 
unresolved modes are now clearly visible, one 
at ~3.5 meV and the other at ~8.5 meV. At 
T=84 K, the magnetic excitations at this wave-
vector abruptly disappear, and the system 
switches to a C-type phase. This can be seen 
in fig. 2, where the inelastic spectrum at Q = 
(½ ½ 0) is shown as a function of T. The signal 
was more difficult to follow in this phase, 

although we could clearly detect it only above 
84 K. It also persists above 107 K, the 
temperature above which the sample enters 
into a paramagnetic spin state (although the 
orbitals seem to be ordered up to ~180 K from 
heat capacity measurements).  

 
Fig. 1: Inelastic spectrum at Q = (½ ½ ½) as a 
function of T. This corresponds to the ordering 
wave-vector of the G-type spin phase. Two 
magnon modes are visible below 84 K. 
 

 
Fig. 2: The inelastic signal at Q = (½ ½ 0) 
corresponds to the C-type spin ordered phase, 
observed at T > 84 K. 
 
References: 
[1] C. Ulrich et al., Phys. Rev. Lett. 91, 257202, 
(2003) 
[2] A.M. Oles et al., Phys. Rev. B 75, 184434, 
(2007) 
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Exchange bias is an interface effect between a 
ferromagnetic and an antiferromagnetic 
material. This induces a unidirectional 
anisotropy in the ferromagnet after cooling 
below the antiferromagnet’s Néel temperature 
while applying a magnetic field. The aim of this 
experiment was to study the reversal 
mechanism in a newly formed exchange bias 
system. This system is formed by the 
implantation of O in thin Co films. The 
observed exchange bias in this system can be 
attributed to the formation of CoO inside the 
Co-film. Due to its interesting magnetic 
properties, similar to well known exchange 
bias systems, on the one hand, but its clear 
morphological differences with these systems, 
a study of the magnetisation reversal 
mechanism is a key element in the 
understanding of this system. 
The Co layer with a thickness of 100 nm was 
grown with Molecular Beam Epitaxy on an 
MgO substrate and capped with a thin Au layer 
to prevent the formation of a CoO layer by 
natural oxidation. The CoO was formed by the 
implantation of 1017 16O ions / cm2 at an energy 
of 60 keV in this film. Vibrating Sample 
Magnetometry measurements were performed 
on the sample after cooling it from RT to a 
temperature of 10 K while applying a magnetic 
field. Besides a clear exchange bias 
behaviour, a training effect is observed: 
subsequent measurements at the same 
temperature show different coercive fields. 
In this experiment we performed specular 
reflectivity measurements with spin analysis at 
some key field values, like saturation and 
coercive field, to learn more about the 
structural and magnetic depth profile.  In figure 
1 the specular reflectivity measurement of the 
sample in positive saturation is shown. The 
clear splitting between the uu- and dd- signal 
for certain angles offer the possibility of 
measuring these signals while changing the 
external field. These field scans were 
performed in all branches of the virgin and 
trained hysteresis loop. 

 
In figure 2 the field scan in the virgin 
descending branch is shown. The crossing of 
the uu- and dd- signal indicates the coercive 
field. There is no clear increase in the spin flip 
signals, this indicates that this reversal is 
governed by domain wall nucleation and 
motion. All other field scans look similar, 
indicating that all reversals are governed by 
domain wall nucleation and motion. This is an 
interesting result since it differs strongly from 
the findings in Co/CoO bilayers, where a 
change in reversal mechanism is observed. 

 
 
 
 
 
 
 
In Cooperation Agreement between KU Leuven and 
HZB 
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Ferromagnetic(F)/antiferromagnetic(AF) hetero 
structures exhibit the unidirectional anisotropy 
when they are field cooled from above a AF 
blocking temperature or are deposited under the 
applied magnetic field. The unidirectional 
anisotropy manifests itself as the magnetic 
hysteresis loop shift along field axis, that is, an 
exchange bias field, and increased coercivity. 
Compared to F/AF bilayers, F(bottom)/AF/F (top) 
triayers have the advantage that the effect of the 
deposition order and the interacton between two 
F/AF interfaces on exchange bias field and 
magnetization reversal of the F layer can be 
investigated. It is generally believed that the spin 
structures in AF layer play a key role in 
establishing the exchange bias in F/AF hetero-
structures.  
Polarized neutron reflectivity (PNR) experiment 
capable of resolving the magnetization profile 
with a sub-nanometer depth resolution can be 
the most adequate solution for studying the 
noncollinear spin structures a spiral spin 
structure in exchange-biased thin films. To this 
end, we prepared a series of 30-nm NiFe 
(bottom)/FeMn/30-nm CoFe (top) trilayers with 
different FeMn thickness from 0 to 15 nm using 
magnetron sputtering technique. Magnetic field 
of about 300 Oe was applied along the sample 
plane during sample deposition. After sample 
growth, the oppositely and parallel exchange-
biased structures were realized through a special 
field cooling procedure to intentionally change AF 
spin structure. V6 reflectometer was employed to 
measure the PNR of parallel and oppositely 
exchange-biased 30-nm NiFe/10-nm FeMn/30-
nm CoFe trilayers at different magnetic 
hysteresis points such as magnetic saturation 
states and coercivities at room temperature 
during seven experimental days. The uu in 
Figure 1 means that neutrons impinging on 
sample have its spin polarized up and neutrons 
reflected from sample surface and arriving at 
detector have spin polarized up.   
From the comparison between positive (a) and 
negative (c) saturations in Figure1,  

Figure 1.Nonspin flip (uu, dd) and spin flip (ud, 
du) neutron reflectivities of the oppositely 
exchange-biased 30-nm NiFe/10-nm FeMn/30-
nm CoFe trilayer at different four magnetic states 
such as (a) positive magnetic saturation, (b) 
around left coercivity, (c) negative magnetic 
saturation, and (d) around right coercivity. uu 
(black line), ud(red line), du(green line), dd(blue 
line) in the graph. 
it is interesting that nonspin flip reflectivities are 
very different. This indicates that FeMn spins 
exchange-coupled by two F layers rotate to the 
direction which is neither parallel nor antiparallel 
to the applied magnetic field. In addition, This 
asymmetry of nonspin flip reflectivities is 
observed between left (b) and right (d) 
coercivities in Figure 1. This means that the 
magnetization reversal modes are asymmetric 
between the descending field and ascending field 
branches in magnetic hysteresis loop. Although 
fit to the experimental data has to be done, we 
can infer from PNR data that the asymmetry of 
spin flip reflectivities between the positive and 
negative satuarations are attributed to the 
noncollinear AF spin structures and the 
asymmetry of spin flip reflectivities between the 
left and right coericivities results from asymmetric 
magnetization reversal of the F layer. 
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The aim of this experiment was to study the 
reversal mechanism in a newly formed exchange 
bias system. Exchange bias is an interface effect 
between a ferromagnetic and an 
antiferromagnetic material, inducing a 
unidirectional anisotropy in the ferromagnet. The 
system being studied is formed by the 
implantation of O in thin Co-layers, which have 
an epitaxial order. An earlier PNR study on a 
similar implanted system, but without the 
epitaxial ordering, showed that the magnetisation 
reversal was mainly occurring by domain wall 
nucleation and motion. The reason to study this 
system is to learn more about the role of epitaxial 
ordering on the reversal mechanism.  
The sample was grown with Molecular Beam 
Epitaxy on Si(100), after the deposition of a Cu 
buffer layer. After deposition of 100 nm Co an Au 
capping layer was grown to prevent the formation 
of CoO on the surface by natural oxidation. The 
CoO was formed by the implantation of 1017 16O 
ions / cm2 at an energy of 60 keV in the Co film. 
Epitaxial ordering was confirmed by XRD 
measurements and Vibrating Sample 
Magnetometry showed the sample had clear 
exchange bias properties and exhibits a training 
effect (change of loop width after consecutive 
measurements of the hysteresis loop). 
In this experiment we performed specular 
reflectivity measurements with spin analysis at 
some of the important field values and magnetic 
field scans by measuring the different spin 
signals while changing the magnetic field. Figure 
1 shows the specular reflectivity measurement in 
the first coercive field after field cooling to 10 K. 
The two spin flip signals are at least one order of 
magnitude smaller than the non spin flip signals, 
indicating the reversal is governed by domain 
wall nucleation and motion. This is confirmed by 
a magnetic field scan in this branch of the 
hysteresis loop, as shown in figure 2. The 
crossing of the uu- and dd- signal indicates the 
position of the coercive field, no increase in 

 
spin flip signal is found there. The same type of 
field scans is performed in all branches of the 
virgin and trained hysteresis loops, all showing 
the same behaviour. These measurements 
indicate that all reversals are governed by 
domain wall nucleation and motion. These 
findings coincide with our findings in the non-
epitaxially grown system, so the influence of 
epitaxial ordering is not immediately evident from 
this experiment. The behaviour is different from 
well known bilayer exchange bias systems where 
a change in reversal mechanism is found. 

 
 
In Cooperation Agreement between KU Leuven 
and HZB. 
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Lately a lot of interest arose in multiferroic 
materials, these are materials which exhibit 
simultaneous ferroelectric and magnetic 
ordering. These two properties can influence 
each other which make these materials 
promising for future devices. The aim of this 
experiment was to investigate some of the 
magnetic properties of a BiFeO3 multiferroic 
film by PNR. 
The film under investigation was grown (at the 
Universiteit Hasselt) with a powder synthesis 
method, this resulted in a phase-pure film with 
a thickness of around 100 nm. Prior to the 
experiment the sample was extensively 
characterized: structural properties were 
studied by XRD, XRR and SEM; electric 
characterizations showed ferroelectric 
properties; magnetic properties were studied 
by SQUID magnetometry. These magnetic 
measurements showed clear ferromagnetic 
properties, though rather weak, which calls for 
measurements with high statistics in order to 
be able to see the magnetic contribution.  
Since the magnetic properties arise most 
clearly at very low temperatures, a new 
cryostat was implemented in the V6-setup 
which is able to cool the sample down to a 
temperature of 1.5 K.  A series of reflectivity 
measurements were performed after cooling 
with or without an applied magnetic field in 
order to clarify the nature of the magnetism in 
this system. In figure 1 the reflectivity 
measurement in saturation, after zero field 
cooling to 1.5 K is shown. There is no 
difference in the uu- en dd- signal and the 
measurement looks the same as the 
measurement in the demagnetised state. This 
means that we are not able to see a magnetic 
contribution to the reflectivity after a zero field 
cooling. Subsequently the film was cooled 
while applying the maximum field of 0.4 T to a 
temperature of 12 K. This measurement is 
shown in figure 2. In this measurement a 
splitting of the uu- en dd- signal is seen at 
higher angles. This difference between field 

and zero field cooling can indicate that the 
system behaves as a spin glass system. 
 

 

 
 
Besides the results on the studied film, the 
experiment showed the successful use of a 
low temperature cryostat, which can cool down 
to a temperature of 1.5 K. This expands the 
experimental possibilities of the V6-instrument 
considerably. 
 
 
 
 
 
 
 
By Cooperation Agreement between KU Leuven 
and HZB 
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Recently, polarizing multilayers (MLs) attracted 
substantial scientific and applied interest in the 
last years. Focal point of many studies was the 
investigation of structure and the specular as 
well as off-specular scattering of neutrons. It 
was shown that high quality MLs, 
characterized by high reflectivity and 
polarization efficiency, require low interface 
layer thickness, roughness and high 
remanence. 
Here, we report on the investigation on 
correlation between the Bias voltage, stress 
and structure of Si/ Fe multilayers on Si and 
glass substrates. The MLs with 10 bilayers 
have a nominal bilayer thickness of 200Å. All 
samples were prepared in a triode sputter 
machine at an argon pressure of 0.65×10-4 
mbar. The Bias voltage was varied from 10 to 
65V. The final stress in the layers was 
calculated with the Stoney formula: σS= (E/ (1-
v))(dS

2 / 6dF)((1/ R1)-(1/ R0)) where E and v are 
the elastic modules and Poisson constant, dS 
and dF the substrate and layer thickness and 
R1 and R0 the radii after and before the 
deposition. Layer structure was investigated by 
x-ray (XRR) and polarized neutron 
reflectometry (PNR) and x-ray diffractometry 
(XRD). PNR measurements were performed at 
V6 with a wavelength of 4.66Å. With a positive 
sensitive detector (PSD) we measured the 
specular and off-specular reflectivity 
simultaneously. The specular reflectivity gives 
values to the layer thickness and roughness 
whereas the diffuse scattering gives 
information about the interface morphology. 
Correlation is found for Bias voltage and stress 
in the layers. Raise in voltage leads to linear 
decrease of tensile stress with a slope of 
5.5±0.7MPa. One can see from Fig.1 that the 
MLs are nearly stress-free at 60V. Further, 
higher voltage leads to thinner interface layers, 
thicker Fe layers and smaller grains. The 
interface layers were between 19 and 25Å, the 
Fe layer thickness varied between 73 and 94Å. 
Fig.2 shows the neutron scattering of a ML in 
an external magnetic field of 200 and 1030G, 

respectively, prepared at 60V. The specular 
intensity along the line αi = αf shows the first 
and the second order peak which corresponds 
to a bilayer thickness of 206±15Å. The diffuse 
scattering of this nearly stress-free ML reduces 
with stronger magnetic field. Below stress 
values of -120MPa we did not observe this 
effect. Additional diffuse streaks at the first and 
second order Bragg peak positions appear for 
compressive stress over -120MPa. X-ray 
rocking scans around the Bragg peaks (αi ≠ αf) 
revealed inhomogeneities in MLs with higher 
stress. 
In summary, for MLs with low tensile stress 
diffuse scattering vanished in high magnetic 
field. At the same time, those were the MLs 
with smaller grain size. 
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Fig.1: Stress and grain size in ML for different Bias 
voltage values. 

 
Fig.2: Reflectivity and off-specular scattering of 
neutrons from a Si/ Fe ML (σS= 6.0±1MPa) at 200 
and 1030G. 
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Pure PbFe2/3W1/3O3 is a relaxor ferroelectric 
and due to iron ions undergoes  the 
antiferromagnetic phase transition (PT) at TN  ≈ 
360 K. The antiferromagnetic ordering with 
doubling of unit cell is a result of ordering of 
Fe3+ magnetic moments. Fe3+ ions are 
distributed randomly with W6+ ions in 
octahedrons of perovskyte structure. It is 
known that in the solid solutions of relaxor 
ferroelectric with conventional ferroelectrics the 
degree of phase transition diffuseness 
decreases at increasing of normal ferroelectric 
percentage. These materials with ferroelectric 
and magnetic properties simultaneously are 
not only of fundamental interest but also of 
practical importance. The study of structure 
evolution of (PbFe2/3W1/3O3)1-x–(PbTiO3)x  
(PFW-PT ) solid solutions gives a possibility to 
obtain the information about the microscopic 
processes resulting in modification of 
macroscopic properties. The most interesting 
concentrations are x = 0.2 and 0.3 [1], 
demonstrating very unusual physical 
properties in vicinities of both ferroelectric and 
antiferromagnetic PTs. These concentrations 
correspond to so-called morphotropic phase 
boundary and demonstrate high dielectric 
permittivity (up to 105) at ambient conditions. 
The principle idea of proposed experiments 
was to study the details of temperature 
evolution of crystal structure, to define more 
exactly the phase diagram “structure-
concentration” and to estimate the Neel 
temperatures for these solid solutions. 
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The principle results are: 
- we have not observed rhombohedral 
distortions characterizing for solid solutions 
with small PT concentration [1] at cooling down 
to 140 K for both compositions (in the limits of 
experimental resolutions), 
- the presence of tetragonal distortions in the 
cubic high temperature phase was confirmed 
up to 480 K, i.e. essentially higher then 
structure phase transition, 
- all diffraction patterns at low temperatures 
can be fitted well as a mixture of high 
temperature cubic phase and low temperature 

tetragonal phase only. The admixture of cubic 
phase does not exceed 20 %. 
- phase diagram “structure-concentration” was 
specified and the temperatures of structural 
phase transitions were obtained, 
- the temperature dependence of intensity of 
the antiferromagnetic peak (½ ½ ½) was 
obtained for PFW80-PT20 concentration and 
we have estimated the Neel temperature as 
285(±5) K. In a case of PFW70-PT30 the 
magnetic ordering is suppressed strongly we 
have observed the magnetic peak (½ ½ ½) 
below 200 K at two low temperatures only. 
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Fig 1 Temperature dependence of integral 
intensity of (½ ½ ½) peak  for PFW80-PT20 
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Fig.2 Temperature dependence c/a parameter 
for PFW80-PT20 
 
 
1 Vilarinho P.M., Zhou L., Mitoseriu L., Finocchio 
E., Soares M.R., Baptista J.L. Morphotropic phase 
boundary in (PbFe2/3W1/3O3)–(PbTiO3) system // 
Ferroelectrics. 2002 V. 270. P. 253-258. 
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Copper formate tetradeuterate (CFTD) is a 
model 2d ice: between the copper formate 
layers water molecules form a two 
dimensional hydrogen bonded network. As 
with other ice rule systems, there is pinch 
point scattering due to the specific 
fluctuation spectrum entailed by such a 
constraint. Below 245 K three dimensional 
antiferroelectric order is established 
between the layers and the cell doubles 
along the c-axis. In the two dimensional 
phase the pinch point is part of a two 
dimensional feature extending out of the 
hk0 plane. We used the flatcone 
diffractometer E2 to assess at what 
temperatures this object is modulated 
along 00l by the onset of three dimensional 
correlations.  

We measured a region of the scattering 
plane around 040 at tilts of 0, 6 8 and 10 
degrees, sufficient to see the appearance 
of the 041/2 Bragg peak. This required two 
settings of the detector. We were able to 
measure at 270, 248 and 200 K. 
Unfortunately CFTD crystals dry in air, and 
react with aluminium. This caused some 
problems in getting the crystal quickly 
aligned, stably mounted on copper pieces 
and into the cryostat. More seriously a 
copper powder line lies very close to the 
040 of CFTD. We have subtracted low 
temperature data to remove it. Future 
experiments require a low background, 
non-aluminium sample mount.  

We found that although the scattering 
shifts toward the centre of the pinch point 
at low temperatures, even within 3 K of the 
transition, the diffuse scattering is 
essentially two dimensional.  

 

Left: the pinch point at 040, µ= 0o. Right 
the intensity integrated along 0k0 at tilts of 
0 (blue), 6 (green) and 8 degrees (red), T = 
248 K. At this temperature the scattering is 
shifting toward the centre of the pinch 
point, but remains independent of tilt, 
suggesting this process is still due to intra 
layer fluctuations.  

This research project has been supported by 
the European Commission under the 6

th 

Framework Programme through the Key 
Action: Strengthening the European Research 
Infrastructures. Contract n°: RII3-CT-2003-
505925 (NMI 3).  
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Magnetism in uranium-based compounds is 
controlled by the degree of hybridization of U 5f 
electron states. UIrGe belongs to orthorhombic 
UTX (T = transition metal and X = Si or Ge) 
compounds in which hybridization plays a very 
important role [1]. Despite of the considerable 
effort over the last two decades it was one of the 
most puzzling cases among these compounds. Bulk 
properties of UIrGe point to an antiferromagnetic 
(AF) order below 16–18K [2]. However different 
samples that include polycrystals and single 
crystals behave somewhat differently. The aim of 
the experiment was to verify whether single crystals 
prepared under a slightly different conditions by a 
modified Czochralski method show different 
structural details that might be responsible for 
varying physical properties. 

 
In this report we describe a detailed structural 

determination of a high-quality UIrGe single crystal 
investigated at room temperature on E5. The 
wavelength used in the study was 0.89 Ǻ produced 
by a copper monochromator. We have collected in 
total 1351 reflections in the range –12 ≤ h ≤ 8, –7 ≤ 
k ≤ 0 and –13 ≤ l ≤ 13. The full set of reflections 
was fitted automatically by the computer code 
RACER and the data were further corrected for the 
substantial absorption caused by iridium and 
geometrical Lorentz factor. At the end, 691 
inequivalent were used in the refinement. 

 
 In the literature [1-3] it is suggested all 
three atoms occupy within the orthorhombic lattice 
with a space group Pnma the 4c (x ¼ z) Wyckoff 
position (however, with a distinct x and z positional 
parameters). Nevertheless, we have tried also 
couple of other crystal structure types, in 
particularly the disordered variant CeCu2 in order to 
exclude possible partial mixing of Ir and Ge atoms. 
It became quite clear that such a mixing (if exists) 
is minimal. During the refinement we have varied 
all the positional parameters, anisotropic thermal 
factors and Ir and Ge occupational numbers. To 
account for the extinction effects we have adopted 
the Zachariasen model assuming a Gaussian 
distribution of perfect blocks (Fig. 1). The resulting 

best fit with a R-factor of 3.1 % lead to a crystal 
structure type that is fully conform with the 
expected TiNiSi type of structure and in good 
agreement with results given in the literature [1, 2]. 
The refined stoichiometry is UIr0.96Ge1.01. However, 
it should be noted that the Ir occupancy should be 
taken with a caution because of relatively unprecise 
knowledge of the Ir scattering length that is in error 
of 3 % (see Table 1).  
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Fig. 1. The observed structure factors versus 
calculated structure factors for UIrGe in the present 
study. 
 
Table 1. Structural parameters of UIrGe from the 
present study: 
 

 x y z occ. 
U -0.00660(7) ¼ 0.20225(6) 1.00 
Ir 0.21850(7) ¼ 0.58715(5) 0.955(4) 
Ge 0.81635(9) ¼ 0.58568(6) 1.013(5) 

 
The obtained results are to be compared with 
experimental findings of a similar experiment using 
another crystal. These are currently under analysis. 
 
References 
[1] V. Sechovský and V. Havela. In: K.H.J. Buschow, 
Editor, Handbook of Magnetic Materials Vol. 11, North-
Holland, Amsterdam (1998), p. 1 (Chapter 1). 
[2] K. Prokes, et al., Phys. Rev. B 60 (1999) 9532. 
[3] K. Prokes, et al., Physica B: Condensed Matter 350 
(2004) e199. 
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YMn2O5 is a well known material that exhibits 
complex magnetic phase transitions [1-4]. 
Structural properties were reported earlier for the 
isotypic compounds BiMn2O5 [5] and RMn2O5 (Tb, 
Ho, Dy, ) [6]. It was shown that these compounds 
crystallize in the orthorhombic space group Pbam. 
In this structure type the Mn-atoms were found to 
be at two different Wyckoff positions 4f (for Mn1) 
and 4h (for Mn2). The Mn1-ions show distorted 
octahedral environments of O-atoms, while the 
Mn2-atoms are surrounded by five oxygen atoms 
forming square pyramidal environments. The Mn1- 
and Mn2-ions occur in the 3d3-configuration (Mn4+) 
and 3d4-configuration (Mn3+), respectively. In the 
present report we give an account on the structural 
properties of YFexMn2−xO5, where the manganese 
atoms are partially substituted by iron. 

Single-crystal diffraction data have been 
collected on the four-circle diffractometer E5 using 
the neutron wavelength was λ = 0.8839 Å (Cu-
monochromator). For the experiment we used an 
untwinned crystal of YFexMn2−xO5 with dimensions 
1.7 × 1.7 × 4 mm3. The investigated crystal showed 
a large mosaic spread. Therefore the refinable 
mosaic parameter g resulted in a value very close 
to zero suggesting the absence of extinction. Due 
to the large mosaic spread we were not able to 
measure a large number of weak Bragg reflections 
with good accuracy, especially those with higher 
scattering angles. However, we finally could use a 
total number of 926 (462 unique) reflections for the 
crystal structure refinements. The crystal structure 
of this compounds could be successfully refined in 
the orthorhombic space group Pbam. Here we were 
able to refine 11 positional parameters of the 
different atoms as well as 22 anisotropic thermal 
parameters of the yttrium and oxygen atoms. The 
results are given in Tables 1 and 2. For the 
manganese (or iron) atoms we only refined the 
isotropic thermal parameters, which were 
constrained to be equal for both atoms in 4f and 4h. 
Furthermore, the refinement of the occupancies of 
these positions allowed us to find out the content of 
iron in this material. It was interesting to see that 
the position 4f is fully occupied with manganese 
atoms, which occur in the 3d3-configuration (Mn4+). 
The iron atoms were only found to be at the 
position 4h, where both transition metal ions occur 
in the 3+ state. Thus the Mn3+- and Fe3+-ions show 

the 3d4- and 3d5-configuration, respectively. The 
refinement showed that 6.6 % of the manganese is 
substituted by iron.    
 
Table 1. Positional parameters and occupancies of 
YFe0.13Mn1.87O5 at 295 K. The used neutron 
wavelength was 0.8839 Å. 
  
a = 7.2610(9) Å,  b = 8.4786(9) Å, c = 5.6684(8) Å 
Pbam x y z pop  
Y 4g 0.1373(5) 0.1706(4) 0 1.000 
Mn1 4f 0 0.5 0.2503(11) 1.001(9)   
Fe1 4f 0 0.5 0.2503(11) 0.001(9)   
Mn2 4h 0.4164(19) 0.3517(17) 0.5 0.868(7) 
Fe2 4h 0.4164(19) 0.3517(17) 0.5 0.132(7) 
O1 4e 0 0 0.2660(6) 1.000 
O2 4g 0.1604(7) 0.4415(6) 0 1.000 
O3 4h 0.1511(7) 0.4313(5) 0.5 1.000 
O4 8i 0.3932(4) 0.2055(3) 0.2470(4) 1.000 
R(F) = 0.11, Rw(F) = 0.081, 926 (462 unique) reflections  
 
Table 2. Selected bond distances (Å) and angles 
(°) in YFe0.13Mn1.87O5 at 295 K. 
 
 Distance / angle 
Mn1(4+)–O2     1.901(6) 
Mn1(4+)–O3     1.883(6) 
Mn1(4+)–O4     1.908(3) 
Mn2/Fe2(3+)–O1     1.926(10) 
Mn2/Fe2(3+)–O3     2.041(14) 
Mn2/Fe2(3+)–O4     1.903(10) 
Mn1(4+)–O2–Mn1(4+)     96.5(3) 
Mn1(4+)–O3–Mn1(4+)     97.5(3) 
Mn1(4+)–O4–Mn2/Fe2(3+)     123.5(4) 
Mn1(4+)–O3–Mn2/Fe2(3+)     130.7(2) 
Mn2/Fe2(3+)–O1–Mn2/Fe2(3+) 93.0(4) 
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At room temperature MgV2O4 was found to be Mott 
insulators crystallizing in the cubic normal spinel structure 
with the space group mFd3  [1, 2]. This compound 
shows a structural phase transition to a lower symmetric 
tetragonal phase at about 65 K. The V3+-ions form a 
corner-sharing tetrahedral network and are octahedrally 
coordinated by six oxygen ions. Tetrahedral networks of 
localized spins often are governed by strong geometrical 
frustration and reveal fascinating ground states like a 
spin liquid or a spin ice. 

Single crystals of MgV2O4 were grown by pulling the 
crystals from the melt in a triarc furnace. Interestingly it 
could be seen that not all the prepared crystals showed 
the expected structural phase transition to the tetragonal 
phase. In order to understand these inconsistencies we 
have carried out single-crystal neutron diffraction 
experiments on the four-circle diffractometer E5. This 
instrument uses a Cu-monochromator selecting the 
neutron wavelength λ = 0.89 Å. For the experiment we 
have used two high-quality single crystals of MgV2O4 with 
sample volumes of 270 mm3 (crystal 1) and 55 mm3 

(crystal 2), respectively. For the smaller sample we found 
the structural phase transition at about 60 K, whereas the 
larger one did not show any anomaly down to 6 K.  

During the experiment we have checked the condition 
limiting possible reflections. For the space group 

mFd3 one finds for hkl : h+k, h+l, k+l = 2n  and for h0l, 
hk0, 0kl : h,k,l = 2n; h+k, h+l, k+l = 4n. But surprisingly we 
found intensities at the forbidden positions 200, 600, 420, 
820 etc., suggesting clearly the extinction rule h+k, h+l, 
k+l =2n for h0l, hk0, 0kl, respectively. Thus we have 
carried out the structure refinements in the lower 
symmetric space group mF 34 , where the d-glide plane 
is violated.  Data sets of MgV2O4 have been collected for 
each sample (crystals 1 and 2) at room temperature with 
a total of 1317 (122 unique) and 933 (124 unique) 
reflections, respectively. In the space group mF 34 the 
two different Mg1 and Mg2 atoms are located at the 
Wyckoff positions 4a (0,0,0) and 4c (¼,¼,¼); the V-, O1- 
and O2-atoms at the position 16e. The refinement of the 
overall scale factor, the positional and anisotropic thermal 
parameters resulted in the very satisfactory residuals RF 
= 0.016 (Rw = 0.027) for crystal 1, and RF = 0.020 (Rw = 
0.025) for crystal 2, respectively. The results of the 
refinements are presented in Table 1. For comparison 
the refined parameters of MgV2O4 in the higher 
symmetric space group mFd3  are also listed in Table 1. 
For the two samples it is important to note that the 
refinements in mFd3  as well in mF 34  results in the  
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same occupancies for all the atomic positions. 
Interestingly it could be found that that the V-position of 
crystal 1 is partially populated with 2.7% with an excess 
of Mg. This disordering in the structure may cause the 
quenching of the structural phase transition. In contrast, 
for the crystal 2, where this transition has been clearly 
observed, we found this position fully populated with 
vanadium. Further it is interesting to see that for both 
crystals no deficiency could be observed on the oxygen 
positions.    
 
Table 1  
Results of the single-crystal neutron diffraction study of 
MgV2O4 (Crystal 1 and 2) at 295 K. For comparison the 
crystal structure has also been refined in the higher-
symmetric space mFd3  (for crystal 2). The thermal 
parameters Uij (given in 100 Å2) are in the form 
exp[−2π2(U11 h2a*2 + …2U13 hla*c*)]; for symmetry 
reasons one finds: U11 = U22 = U33 (for all atoms) and U12 
= U13 = U23 (for the O-atoms); U12 = U13 = U23 = 0 (for the 
Mg-atoms). Due to the weak scattering power the 
positional and thermal parameters were not allow to vary. 
The shortest interatomic distances (in Ǻ) as well as the 
O-V-O bond angle (in °) are also listed. 
  
 MgV2O4  

Cr1, mF 34  

MgV2O4   

Cr2, mF 34   

MgV2O4   

Cr2, mFd3  
a [Å] 8.4415(1) 8.4415(1) 8.4415(1) 
V [Å3] 601.53(1) 601.53(1) 601.53(1) 
x (O1) 0.38621(9) 0.38591(7) 0.375 
x (O2) 0.86616(8) 0.86583(7) 0.875 
U11 (Mg1/Mg2) 0.64(2) 0.50(2) 0.50(2) 
Uis (V) 0.50 0.50 0.50 
U11 (O1 / O2) 0.64(2) 0.50(2) 0.50(2) 
U12 (O1 / O2) −0.067(7) −0.066(7) −0.059(7) 
occ(Mg1/Mg2) 1.00 1.00 1.00 
occ(V) 0.973(4) 1.014(4) 1.016(4) 
occ(Mg3) 0.027(4) −0.014(4) −0.0164) 
occ(O1 / O2) 0.993(13) 0.993(11) 0.993(13) 
d(Mg11-O2) 1.9569(7) 1.9617(6) 1.9748(4) 
d(Mg12-O1) 1.9916(8) 1.9872(6) 1.9748 
d(V-O1) (× 3) 2.0201(8) 2.0225(6) 2.0290(4) 
d(V-O2) (× 3) 2.0385(7) 2.0359(6) 2.0290 
O1-V-O1 (× 3) 84.51(3) 84.67(2) 85.10(2) 
O1-V-O2 (× 6) 94.88(3) 94.88(2) 94.90(2) 
O2-V-O2 (× 3) 85.73(3) 85.56(2) 85.10(2) 
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We are investigating the vanadium spinel material 
MgV2O4 which has both spin and orbital degrees of 
freedom in a frustrated lattice. We want to observe 
and understand any ordering of the orbitals and 
spins and their effect upon the spin interactions.  
The aim of this experiment was to investigate the 
structural and magnetic phase transitions of 
MgV2O4 using crystals with slightly different 
compositions. In our first experiment on E9 we 
could clearly evidenced the presence of the two 
phase transitions from a powder sample. In order to 
investigate the phase transitions in more detail, we 
have measured two different crystals of MgV2O4 on 
the four-circle diffractometer E5. We mounted each 
single crystal of MgV2O4 on the closed-cycle 
refrigerator of the four circle diffractometer E5, 
where we could reach a base temperature of 6 K. 
We made measurements using incident wavelength 
λ = 2.4 Å (PG-monochr.). 
For the first crystal of MgV2O4 we could seen that 
neither the structural nor the magnetic structure 
was detectable. Further experiments on E5 clearly 
showed that a structural disorder in the crystal 
leads to a quenching of both phase transitions. In 
contrast, for the second crystal we found a large 
increase in intensity of the strong reflection 004 as 
we went through the structural phase transition as 
seen in Fig. 1, probably due to the strong change of 
extinction (or change of mosaicity). The transition 
occurred between 48 K and 60 K indicating a range 
where both the cubic and tetragonal phase are 
coexisting, which has already been observed in our 
pervious E9 measurement. Below the Néel 
temperature TN = 38(1) K we observed the smooth 
increase in intensity from the magnetic Bragg 
reflections, as shown in Fig. 1. This shows the 
onset of the magnetic order of the V-moments. 
 To further investigate the phase coexistence and 
the to extract the lattice parameters of the two 
phases we carried out X-ray powder diffraction 
measurements using the Guinier geometry. A plot 
of the lattice parameters and the region of phase 
coexistence is given in Fig. 2. It has to be 
mentioned, that there is a temperature difference 
between the X-ray measurements and the neutron 
measurements. For the x-ray measurements it’s 
probably difficult to measure the correct 
temperature, because the sample was mounted on  

 
a plastic film and so not in good thermal contact 
with the thermo couple. 
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Figure 1. Single-crystal diffraction results: The change of 
intensity of the structural reflection 400 indicating the 
structural phase transition from the cubic to tetragonal 
phase transition. The magnetic reflection 110  shows the 
magnetic transition temperature at 37 K.  
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Figure 2. Results of the x-ray powder diffraction 
measurements showing the change in lattice parameters 
on cooling through the structural phase transition. 
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I-III-VI2 Cu-containing chalcopyrites are materials of high 
interest in the field of thin-film photovoltaics and solar cell 
applications [1]. Whereas theoretical studies postulate 
the existence of internal stabilisation mechanisms in Cu-
poor I-III-VI2s by periodic arrangement of defect pairs [2] 
leading to 1:3:5 and/or 1:5:8 compositions, while 
maintaining the chalcopyrite structure, the analysis of 
XRD results reported so far does not exclude other 
possibilities [3,4]. The experiment of the 
„1:1:2/1:3:5/1:5:8“ transition was aimed at the elucidation 
of cation distribution in „off-ideal-stoichiometric-
composition“ samples of the type CuGaxSey including 
single- and mixed- chalcopyrite/OVC phases of model 
and photovoltaic device-relevant material. The focus was 
set on the gallium-containing system because of 
relatively scarce availability of structural information 
about these compounds. 
Sample preparation covering the compositional range 
from CuGaSe2 to CuGa5Se8 was twofold. Synthesis from 
the elements followed by post annealing [5] lead to 
polycrystalline, structural and compositional 
homogeneous samples. These served as references for 
photovoltaic relevant polycrystalline thin-film material 
which was synthesized by the chemical close-spaced 
vapour transport (CCSVT) process [6]. 
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Fig. 1: Neutron diffraction measurement, Rietveld-refinement 
and resulting residuum for a CuGa3Se5 powder sample based 
on a stannite-type-related structural model. 
 
The powder samples were measured at the E9 neutron 
powder diffractometer followed by adjacent Rietveld-
analysis. All available structural models for Cu(III)3Se5 

and Cu(III)5Se8 (III=In,Ga) respectively were used as 
input models [see 5]. As the main finding the proposal of 
a new structural model for the copper-poor compounds 
CuGa3Se5 and CuGa5Se8 can be stated [figs 1 and 2]. 
This was successfully made accessible due to the 
application of neutron diffraction technique resolving the 
different contributions of the isoelectronical species Cu+ 
and Ga3+. Nevertheless, the proposed periodic 
arrangement of defect pairs [2] could neither be proved 
nor disproved. 
 

 
Fig. 2: New structural models proposed for CuGa3Se5 (left) and 
CuGa5Se8 (right) based on Rietveld-analysis of neutron and X-ray 
diffraction measurement. 
 
Considering the CuGaSe2-Ga2Se3 segment of Cu2Se-
Ga2Se3 pseudobinary cut of the Cu-Ga-Se phase 
diagram and the new structural model, three regions can 
be separated. Samples are single phase exhibiting the 
chalcopyrite structure ( )dIsg 24.  in the compositional 
range CuGaSe2-CuGa1.5Se2.8 and the new proposed 
stannite-type related structure ( )mIsg 24.  from 
CuGa3Se5 to CuGa5Se8. In between these regions 
namely CuGa1.5Se2.8- CuGa3Se5 both structural phases 
coexist. 
In order to investigate structural phase transitions 
measurement conditions were chosen which based on 
high temperature synchrotron experiments. Unfortunately 
in turned out that this conditions were unsuitable for the 
carried out E9 experiments. 
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The highest performance parameters among the thin film 
solar cell devices are provided by chalcopyrite-based struc-
tures working with Cu(In1-xGax)Se2 quaternary absorbers. 
These materials show a copper-depleted near surface re-
gion with stoichiometries close to 1:3:5 or 1:5:8 [1-3]. There 
is a basic need of understanding the structural properties of 
also the quaternary solid solution series Cu(InxGa1-x)3Se5 
and Cu(InxGa1-x)5Se8. These compounds of the stoichiome-
try Cu(BIII)3Se5 and Cu(BIII)5Se8 (BIII = Ga, In) are named 
Ordered Vacancy Compounds [4-6], Ordered Defect Com-
pounds [7] or Defect Compounds [8-10]. The names are 
due to the assumption of an ordering of vacancies, defects 
or no ordering. Nevertheless the knowledge about these 
copper-deficient phases is poor. Thereby, the system Cu-In-
Se is studied superior than the Cu-Ga-Se system, but 
mainly based on X-ray or electron diffraction data [9-15] 
(except a study on CuGaxSey (1<x<5, 2<y<8) see MAT`s 
01-1858/1953). 
From our experiments at the E9 neutron diffractometer with 
samples covering the full-range solid solution series 
Cu(InxGa1-x)3-5Se5-8 (0<x<1) we were able to extract struc-
tural parameters by Rietveld refinement, namely the space 
group, lattice parameters and cation distributions. Fur this 
purpose we used the Fullprof software package[16]. Adopt-
ing all so far published structural models for the so-called 
ordered vacancy compounds (OVCs) or related denotations 
for the refinements we were able to establish a stannite-
type structure ]24[ mI  related structural model for all 
members of the Cu(InxGa1-x)3Se5 (0<x<1) solid solution 
series which was proposed for CuGa3-5Se5-8 in ref. [17] and 
for CuIn3Se5 in ref [10]. All other models were excluded due 
to inconsistencies in refinement results like e.g. too high 
quality factors, over-occupations, anomalous high tempera-
ture factors etc..  
Arising from this final structural model we have one site (8i) 
which is, apart from minor deficiencies <5%), fully occupied 
by selenium and three cationic sites. The first of which, the 
2a site, is occupied with ¾ of vancies and ¼ of copper, the 
2b site statistically by indium and gallium and the 4d site 
statistically by copper, indium and gallium. The experimen-
tally determined scattering lengths for all corresponding 
lattice sites are given in figure 1 with limits for full occupa-
tion of each site for the respective elements.  Additionally a 
composition-dependent calculated curve of these values, 
corresponding to statistical occupation for the respective 
sites 2b and 4d by indium and gallium, is also given. De-
spite some minor deviations from the theoretical values we 
found a good agreement between experimental data and 

the calculated characteristics. The above mentioned devia-
tions are most significant for the boundary composition 
materials CuGa3Se5 and CuIn3Se5 respectively and could 
be interpreted to stem from selenium deficiency for the first 
and a partial occupation of copper on the 2b site for the 
latter compound. 
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Figure 1: Composition dependent neutron scattering length for 3 cation sites 
2a,b and 4d in the stannite-type related structure for the Cu(InxGa1-x)3Se5 
(0<x<1) solid solution series. 
 
Preliminary results of the Cu(InxGa1-x)5Se8 (0<x<1) solid 
solution series are revealing more or less identical findings 
as it is the case for the 1:3:5 series in terms of the structural 
model but of course show differences in e.g. lattice parame-
ters and occupation factors. The evaluation of the latter 
series is still in progress and results will be presented later. 
 
This research project has been supported by the 
DAAD PPP-program “Acciones Integradas  
Hispano-Alemanas" under contract n°: "314-Al-e-
dr". 
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Our present research project focuses on the 
development and optimization of crystalline 
solid proton conductors as an alternative to the 
commonly used polymer membranes. 
Moreover, we focus on the fundamental 
understanding of solid proton conductors, e.g. 
the correlation between crystal structure and 
mobility of the ions. Promising candidates for 
these investigations are (H3O)SbTeO6 and 
Rb3H(SO4)2, both super proton conductors with 
an outstanding proton conductivity at “low” 
temperatures.  

We have carried out diffraction measurements 
at T= 50 K, 295 K and 500 K with both 
compounds, using neutron wavelength of 1.31 
Å, which is appropriate for our purposes, e.g. 
study of mobility and diffusion pathways of the 
ions from detailed analysis of the probability 
density function (pdf) maps after a refinement  
of the Debye-Waller factors. 
Extensive data analysis after the measure-
ments (being still in progress) revealed various 
preliminary striking results of considerable 
interest. Two of them are as follows: 
       (1)  The comparison of the diffraction data 
of (H3O)SbTeO6 at the three investigated 
temperatures provides first evidence for the 
mechanism of proton mobility: The data at 
295K and 500 K (in which the material is a 
very good conductor) show that the motion of a 
H atom of H3O is oriented towards an O-atom 
in the window of the SbTeO6-cage (not through 
the middle of the window), whereas the O-
atom shows no such preference. In contrast, at 
T = 50 K, the thermal ellipsoid of H is oriented 
otherwise (static disorder). These findings 
strongly indicate that the proton mobility is not 
due to that of H3O, but only to that of a single 
proton. This furthermore seems to imply that 
the macroscopic proton conductivity is a 
cooperative process, in which every single 
proton moving away must be replaced 
immediately with another one of an adjacent 
H3O-unit. In addition, this material is now 

investigated using QENS, INS, NCS, Solid 
State NMR, and Raman Spectroscopy. 
        (2)  The diffraction data of Rb3H(SO4)2  
reveal the following surprising feature: The H 
position appears not to be symmetric between 
the two O-sites constituting a “symmetric H-
bond”, as one would intuitively expect. Instead, 
H appears to occupy one of two sites strongly 
outside the above O-O axis. (This result is 
clearly demonstrated at T = 295 K, but further 
measurements must be done) Moreover, and 
perhaps more importantly, this finding strongly 
questions the validity of the main results of 
Ref. [D. Homouz et al., PRL 98, 115502 
(2007)], and the clamed “first direct  
measurement of the proton 3D Born-Oppen-
heimer potential in any material”. Due to this 
physical context and its implications to other 
neutron-scattering fields (see e.g. the above 
reference), we indent to look into the matter in 
greatest detail. This system in now 
theoretically investigated by DFT and MD 
calculations in collaboration with G. Kearley, 
Australia.  

 
FIG: Determined potential for H in Rb3H(SO4) 
at T= 50K (H. Boysen). The O-O direction of 
the assumed “symmetric O-H-O bond” is along 
the x-axis; cf.  D. Homouz et al., PRL 98, 
115502 (2007)].    
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Porous metal organic frameworks (MOFs) are 
a new class of porous materials. They are of 
great interest for gas adsorption, catalysis, and 
gas storage. A special interest is methane 
storage in MOFs for mobile applications in 
cars. The experiment concentrates on the in 
situ investigation of the location of adsorbed 
molecules of deutero methane (methane d4) in 
Cu3(Btc)2 (Btc = benzene-tricarboxylate) with 
neutron powder diffraction (see report 2007) in 
order to get a deeper insight into adsorption 
mechanisms. 
 
1.148 g (20 mmol) Cu3(Btc)2 were dried and 
filled in the sample cell. Neutron powder data 
were recorded at 77 K. Methane d4 was dosed 
to the Cu3(Btc)2 material at 77 K in four steps 
up to 21.1 mmol corresponding to the 
maximum adsorption capacity. For the 
maximum filling, the location of methane 
molecules was determined from the neutron 
powder data (figure 1).  
 
Measurement details: Each measurement was 
carried out using the E9 neutron powder 
diffractometer. The scan range was 2Theta = 3 
– 156°, lambda was equal to 2.816 angstrom. 
The measuring time was 12 h for each degree 
of filling. Afterwards all diagrams were equally 
normalized (1Mio monitor-counts) and 
integrated. 
 
Figure 1 shows a section of the measured 
neutron diffractograms between 2Theta = 3 – 
71°: bottom: pure Cu3(Btc)2; middle: Cu3(Btc)2 
with around 50% filling of CD4; at the top: 
complete filling with CD4. 
 
The results from the Rietveld refinement of the 
50% and 100% filling can be interpreted in 
terms of crystallographic positions that are not 
completely filled. The CD4 molecules are filling 
all pores of the Cu3(Btc)2, and the main 
adsorption sites can be located. 

Fig 1: a section of the neutron powder 
diffractograms from empty Cu3(Btc)2 (blue) to 
100% (green) CD4 sorption in Cu3(Btc)2. 
 
Cu3(Btc)2 has a bimodal pore size distribution. 
Two positions were identified in the smaller 
pore, one in the center, and one at the pore 
openings (Fig. 2). The larger pore shows 8 
different adsorption positions and 
accompanies approximately 33 CD4 molecules 
in total. 

 
Fig 2: Location of CD4 molecules in the small 
pore of Cu3(Btc)2. 
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Protonic conductors are promising materials 
for a number of energy technological 
applications. Lately much interest has been put 
on oxide deficient complex perovskites, which 
reveal high protonic conductivity at appropriate 
temperatures at humid atmospheres suitable for 
high temperature fuel cell.  

Sr4(Sr2Ta2)O11 is a member of a series of 
oxygen deficient complex perovskites of 
general formula AII

4(BII
2BV

2)O11
.νo (where νo 

stands for oxygen vacancy). This class of 
perovskites exhibits oxide ion (vacancy) 
conductivity in dry atmospheres and protonic 
conductivity in wet atmospheres. In presence of 
water vapour (in this case D2O) the perovskite 
will hydrate into Sr4(Sr2Ta2)O11×nD2O (0 ≤ n ≤ 
1). The water incorporation is a critical 
phenomenon for the proton conducting 
mechanism. Furthermore, it is assumed that the 
oxygen vacancy distribution affects strongly 
the charge carrier mobility. Interestingly, the 
hydrated oxide may exhibit order-disorder on 
three sublattices as a function of temperature 
and water content: the B-cation sublattice, the 
oxide ions and vacancies, and the deuterons.  

In order to shed light into the order-disorder 
processes we have performed neutron powder 
diffraction studies at E9 spectrometer in dry 
and humid (pD2O = 1 bar) atmospheres 
between room temperature and 700 °C. The 
humid atmosphere was produced using the 
DeGAS system connected to a high 
temperature furnace with a Suprasil quartz tube 
(which has very low H content), as an insert. 
D2O vapour was created outside of the furnace, 
by heating a small volume of D2O, which was 
delivered into the DeGas system through 

heated tubing to avoid condensation of the 
vapour. 

The preliminary data analysis has been 
performed using GSAS and FullProf software 
packages. For Sr4(Sr2Ta2)O11 the best 
refinements were obtained considering a cubic 
space group , with a = 8.3007 Å. 
Compared to an ordinary perovskite structure, 
this model contains additional “interstitial” 
oxygens at Wyckoff position 48g. Occupancy 
of these 48g positions is only about 5%, 
whereas there is also a slight deficiency at the 
octahedral oxygen sites. Furthermore, the 
Fourier maps reveal short-range oxygen 
disorder to large extent, which can be also seen 
at the diffraction patterns as diffuse 
background. Static short range disorder of the 
O sites complicates the structural picture of dry 
Sr4(Sr2Ta2)O11, and is also most probably 
responsible for the ionic transport properties of 
this material. 
Quantitative comparison of the patterns 
collected for anhydrous and hydrated samples, 
indicates that the structure shrinks upon 
hydration. Refining the D sites of the 
Sr4(Sr2Ta2)O11

.nD2O is a challenge and still 
under process.  
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A crystal structure of Bi1-xLnxFeO3 
systems (Ln=La, Nd, Eu) have been studied 
using neutron diffraction in a wide temperature 
range. A mechanism of a crystal structure phase 
transitions have been analyzed. 

A satisfactory agreement between 
experimental and calculated patterns profiles for 
Bi0.75La0.25FeO3 composition has been obtained 
using two-phase crystal structure model in which 
one phase is described with the space group R3c, 
and another – Imma (see Figure). Chemical 
composition of the first phase is close to 
Bi0.9La0.1FeO3, and of the second – 
Bi0.55La0.45FeO3, what agrees with results of 
electron probe microanalysis. Fitting with other 
space groups of rhombic and tetragonal crystal 
systems does not describe satisfactorily the 
observed diffraction patterns. It should be noted 
that the use of monoclinic space group I2/m 
instead of Imma gave better fit, however we did 
not observe any additional peaks as indication of 
symmetry lowering down to monoclinic. Besides 
of perovskite phase the sample contains an 
insignificant quantity of impurities like Bi25FeO40 
and Bi2Fe4O9. The single-phase sample 
Bi0.55La0.45FeO3 (space group Imma) has been 
prepared at 1100 ºС from the starting mixture 
containing 2% excess of Bi ions above the 
stoichiometric amount.  
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Above mentioned results show that there 
is no complete solubility in the Bi1-xLaxFeO3 
system compounds synthezed in air. At low 
synthesis temperature (Т < 850 ºС) the samples 
in the mentioned concentration range consist of 
rhombohedral R3c as well as orthorhombic Pnma 
and Imma phases. Whereas temperature increase 
leads to decomposition of rhombohedral phase 
and to increase of Imma orthorhombic one, 
however the other phases appears contain only 
the Bi and Fe cations. 

In many aspects similar results have been 
obtained for Bi1-xNdxFeO3 system. In this system 
the phase separation develops starting from 
composition x = 0.12. The crystal structure of 
x = 0.1 sample has been successfully refined 

using R3c space group. The compositions in the 
range 0.15 < x < 0.23 consist of R3c, Pnma and 
Imma phases if synthesis temperature does not 
exceed 820ºC. Increasing synthesis temperature, 
for example, for x = 0.18 composition leads to a 
stabilization of mixed R3c + Imma phase state, 
however additional impurity such as Bi2Fe4O9 
appears. We failed to obtain a single-phase 
sample with Imma type phase only. The single-
phase Bi0.7Nd0.3FeO3 sample was prepared at 
950 ºC during 15 hr. The unit cell of this sample 
is well described with a Pnma space group. 

Further decrease of rare earth ionic radii 
leads to complete suppression of the Imma phase 
and narrowing of compositional range of the 
mixed phase state. For example we have 
managed to obtain rhombohedral (R3c) 
Bi0.92Eu0.08FeO3 and orthorhombic (Pnma) 
Bi0.8Eu0.2FeO3 as single phase product at 
synthesis temperature 900 ºC during 15 hr. In the 
intermediate range 0.1 < x < 0.2 two phases R3c 
and Pnma type coexist. 

Figure. The observed (circles) and calculated (solid 
line) patterns of Bi0.75La0.25FeO3 compound 
obtained from Rietveld refinement of the NPD data at 
290 K. A difference line is marked by solid line, 
Bragg positions – small vertical dashes. Two upper 
rows denote crystal phases, the lower ones – magnetic 
phase. A small amount of impurity phase is marked by 
asterix signs. 
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We have carried out a detailed investigation of 
the neutron diffraction crystal structure of two 
deuterated samples of NaMgAl(oxalate)3·9H2O 
using the E9 high resolution diffractometer and 
ancillary equipment over the temperature range 4-
200 K. These materials are of technological and 
scientific interest as a result of the massive 
increase of the spectral hole-burning efficiency 
obtained in the R-lines of Cr(III) in the 
NaMgAl(oxalate)3·9H2O host upon partial 
deuteration of the water molecules of crystallization 
[1]. The particular samples investigated were 
deuterated to ~50% and ~98%. These levels match 
outcomes of spectral hole-burning experiments 
carried out on oxalates deuterated to similar levels 
[1, 2].  

While we have recently refined the X-ray crystal 
structure [2] no neutron diffraction based structure 
has so far been reported and the locations of the 
hydrogen and deuterium atoms are unknown. The 
main aims of our experiments are to determine the 
positions of the hydrogen/deuterium atoms and 
establish the nature of the hydrogen bonding. 
Knowledge of the exact locations of the hydrogen 
atoms will facilitate a better understanding of the 
water flips in this material, thereby allowing better 
scope for application of its extraordinary hole-
burning properties. 
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Fig
. 1: Representative neutron diffraction patterns for 
NaMgAl(oxalate)3.9H2O deuterated to ~98 % from 
4-200. 

Initial refinements of the neutron diffraction data for 
the 98% deuterated oxalate are consistent with the 
single crystal X-ray diffraction data at 200 K which 
indicate that the system crystallizes in the P3c1 

space group with nine water molecules of hydration 
and unit cell parameters a=b=16.7349(2) Å and c 
=12.6338(1) Å with Z=6 [2].  

 
Fig. 2 Temperature-cycle hole-burning in 
perprotonated (triangles) and deuterated (~46%; 
circles) NaMgAl(oxalate)3·9H2O/Cr(III). The 
related gaussian distributions of the activation 
energies are also shown (full line perprotonated; 
dashed lines deuterated) [2].  

Continuing refinements of our neutron diffraction 
patterns (4-200 K) will enable us to test our 
hypothesis that all oxygen atoms of the oxalate 
ligands are involved in hydrogen bonding with the 
water molecules. Based on analysis of the X-ray 
data we anticipate the following: six water 
molecules coordinated to Mg(II) form one hydrogen 
bond each (three with an inner and three with an 
outer oxygen atom of the oxalate ligands) with the 
remaining three water molecules possibly hydrogen 
bonded to the six water ligands of the 
magnesium(II) with each undergoing two hydrogen 
bonds to an inner and an outer atom of two 
separate oxalate ligands.  
Such a scheme indicates that the water molecules 
are likely to be subject to three different kinds of 
hydrogen bonding to the oxygen atoms of the 
oxalate ligands. This behaviour is in accord with the 
observation of three Gaussian barriers in hole-
burning experiments of the deuterated oxalate as 
shown in Fig 2 [2].  
[1] H Riesen, Coordination Chemistry Reviews 250 
(2006) 1737 
[2] H Riesen and A D Rae, Dalton Trans (2008) 
4717 
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Introduction  

The ordering behaviours of the alloying 
elements occupying in the sublattice (site 
occupy preference) is the common interesting 
topics in intermetallics because the mechanical 
properties and physical properties are affected 
by the ordering behaviours. Understanding the 
ordering behaviours help us to design the alloy 
composition and heat treatment condition. This 
neutron scattering (NS) experiments is intend 
to verify a general theory model, which the 
ordering behaviours are predicted by combine 
thermodynamic sublattice model and ab initio 
total energy calculations. Straightforwardly, we 
wish to measure the site occupy fractions of 
the alloying elements in the sublattices in 
Ti2AlNb-based intermetallics.  
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Experiment  

The Ti2AlNb-based alloy with nominal 
composition Ti-25Al-25Nb and Ti-22Al-27Nb 
were heat treatment under different conditions. 
The neutron scattering experiments were 
performed at E9 with wavelength 1.793Å. 
 
Table 1  The composition, heat treatment condition, 
and the phase constituent of the alloys 
No. composition Heat treatment Phase 
1 Ti-25Al-25Nb 1423K/1hr/WQ 

+973K/240hrs/WQ 
O 

2 Ti-25Al-25Nb 1423K/1hr/WQ 
+1223K/240hrs/WQ 

O, B2, α2

3 Ti-25Al-25Nb 1423K/1hr/WQ 
+1073K/240hrs/WQ 

O 

4 Ti-25Al-25Nb 1423K/1hr/WQ B2 
5 Ti-22Al-27Nb 1423K/1hr/WQ 

+973K/240hrs/WQ 
O+B2 

6 Ti-22Al-27Nb 1423K/1hr/WQ B2 
O—Orthorhombic,  B2—B2_BCC, α2 —D019_HCP 
 
 
 
 
 
 
 

Table 2  The refined results of Sample 1# 
Element x y z Occupation s 
Ti1(8g) 0.2330   0.9015 0.2500 0.797 0.42 
Nb1(8g) 0.2330   0.9015 0.2500  0.203  
Al1(4c1) 0.000   0.1649 0.2500   
Ti2(4c2) 0.000   0.6353 0.2500 0.3798  
Nb2(4c2) 0.000  0.6353 0.2500 0.6202  

a 6.0617       
b 9.5963     
c 4.6714     

s: order parameter,s=y(Ti1,8g)-y(Ti2,4c2)

 

Fig. 1 The pattern of the sample 1# 
 
Results 

The constituent phases were identified, see 
Table 1, and agree with the available 
literatures. The site fractions of Sample 1# 
were refined, which agree with the Neutron 
Scattering experiment by Mozer et al. [1] and 
our theoretical predictions [3], see Table 2 and 
Fig. 1. In the orthorhombic phase, Al atoms 
strongly prefer to sublattice 4c1. The site 
fractions of the alloys need to be further 
refined by using package Fullprof Suite. The 
coordination of the neutron scattering results 
with the theory model of the order-disorder 
transition need to be further explored. 
 
References: 
[1] B. Mozer, et al., Scripta Metallurgy et Materialia, 

1990,23:2363-2368. 
[2] B. Wu, et al., Intermetallics, 2002,10:979-984. 
[3] B. Wu, et al., Intermetallics, 2008,16:42-51. 
[4] C.G. Rhodes, Scripta Materialia, 1998,38:681-
685. 
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Aim of the experiment:  
The objective was to provide convincing 
evidence for the location of cross-linked 
chloroperoxidase (CPO) in the pore cavities of 
mesocellular foams (MCF). The enzyme was first 
immobilized into the support (CPO-CLEAMCF) 
and the catalytic behaviour of the heterogeneous 
biocatalyst was tested in a fixed-bed reactor. In 
this project, small angle neutron scattering 
(SANS) was introduced as a novel tool, which 
provides unambiguous evidence for the 
formation of CPO-CLEAs in the MCF mesopores.   

 
Experimental conditions:  
The scattering intensity was recorded in the 
range of 0.06 nm

-1
 < q < 2.12 nm

-1
. The SANS-

investigations are based on the principle of 
„contrast matching“. The pores of the three 
different MCF samples (empty MCF, CPO-CLEA-
MCF as prepared, CPO-CLEA-MCF after the 
catalytic experiment) have been filled at 280 K 
with condensed C5F12 by volumetric controlled 
gas adsorption. Then neutron scattering length 
densities of condensed C5F12 (3.43·10

-6
 Å

-2
) and 

the MCF-silica (3.40·10
-6

 Å
-2

) are practical 
identical.  

 
Results and discussion:  
Figure 1 shows the SANS curves of the empty 
sample MCF (evacuated and matched with 
C5F12) and the SANS curves of the matched 
CPO-CLEA-MCF before and after use in the 
fixed-bed reactor. For the latter sample the 
SANS pattern of the evacuated MCF without 
C5F12 filling is shown. The maximum at q =  
0.25 nm

-1
 corresponds to the (100) reflection of 

the simple cubic pore lattice. After filling this 
evacuated porous silica matrix with C5F12, the 
scattering intensity is reduced by more than 3 
orders of magnitude, thus the matching condition 

is almost perfectly fulfilled. Compared to this 
situation the scattering intensities of the enzyme 
loaded MCF do not vanish after filling the void 
pore spaces completely with C5F12. From these 
results it is obvious that the pores of this sample 
are partially filled with enzyme aggregates which 
results in a non-zero density difference. 
Furthermore, the experimental data show that 
the structural features in the scattering patterns 
are much sharper defined in the CPO-CLEA-
MCF sample after usage in the catalytic test than 
in the fresh prepared CPO-CLEA-MCF-sample. 
During the catalytic run, these isolated (not 
cross-linked) molecules are obviously washed 
out of the support thereby leaving a more defined 
structure with agglomerates of CPO mainly 
located in the spherical cages of the support.  

 
Figure 1: SANS curves of the MCF material and 
the CPO-CLEA-MCF matched with C5F12.  

131



EXPERIMENTAL REPORT Proposal N° EF 

Instrument E4 
CaFe2As2 under hydrostatic pressure 

Local Contact  
K. Prokes 

EF_Prokes_E4  // k.denzer  //  26.02.09  Seite 1 von 1 

 

Principal Proposer: D. Argyriou, HZB Date(s) of Experiment 
Experimental Team: D. Argyriou, HZB 
 K. Prokes, HZB 

 
S. Kimber, HZB 
A. Goldman, Ames Laboratory, Iowa State 
University, USA 

02/08/2008 – 10/08/2008

  Date of Report: 19/01/2009 
 
The relationship between magnetism, 
superconductivity and lattice instabilities in high-TC 
superconductors remains a hot subject in the solid 
state physics despite an appreciable effort. The 
discovery of pressure-induced superconductivity in 
CaFe2As2 has opened an exciting new avenue for 
investigations of these effects. Similar to other 
members of this family of compounds [1] it 
undergoes at ambient pressure a transition from a 
non-magnetically ordered tetragonal (T) phase to an 
antiferromagnetic (AF) orthorhombic (O) phase 
below approximately 170 K. In the O phase, are the 
Fe moments order directed along the aaxis. Neutron 
powder diffraction measurements under hydrostatic 
pressure found that for p>0.35 GPa (at T=50 K), the 
antiferromagnetic O phase transforms to a new, 
non-magnetically ordered, collapsed tetragonal (cT) 
structure with a dramatic decrease in both the unit 
cell volume (5%) and the c/a ratio (11%). The  
transition to the cT phase occurs in close proximity 
to the pressure at which superconductivity is first 
observed. 
 The single crystals of CaFe2As2 was grown 
using a Sn flux. Neutron diffraction data were 
measured up to a pressure of 1 GPa on the E4 
double axis diffractometer with λ =2.44 Å for the 
(hhl)T orientation of a 8 mg single crystal. We 
employed a Be-Cu clamp-type pressure cell and a 
1:1 mixture of Fluorinert 77 and 70, for the 
pressure medium. The initial pressure was 
measured using a manganin pressure sensor and 
then monitored in-situ by tracking the lattice 
constants of NaCl crystals placed above the sample. 
In Fig. 1, we show the (004) reflection as a function 
of temperature.  Here on cooling the pressure 
changes by ~2 kbar from 300 to 2K from the initial 
pressure. At low pressures we observe the same T-
O transition as we find at ambient pressure 
indicated by a small discontinuous expansion of the 
c-axis (fig. 1(a-b)). However at high pressure we 
can observe the new collapsed tetragonal (cT) 
phase that hosts superconductivity. Here the c-axis 
shrinks abruptly by 1 Å, an almost 10% change of 
the c-axis (fig. 1(d)). For intermediate pressure we 

find evidence of a co-existence between the O and 
cT phases (fig. 1(c)) that may help explain 
observations of co-existence between magnetism 
and superconductivity. Both the T-cT and O-cT    

 
Fig 1: Temperature dependence the (004) reflection at 
various initial pressures measuring a 10 mg CaFe2As2 
single crystal inside a clamped pressure cell. The data 
are represented as two dimensional color plots with 
intensity shown as color. 
 
transitions exhibit, however, significant hysteresis 
effects and it seems that the apparent co-existence 
seen in previous powder experiments [2] is a 
consequence of non-hydrostatic conditions. In the 
same measurements and others with our 
collaborators we also probed the magnetic order 
and found that the magnetism abruptly disappears 
as one enters the cT phase. Our results show the 
effect of chemical doping on the long range 
magnetism resembles that of pressure. 
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Clathrate-hydrates, also known as gas 
hydrates, are inclusion compounds where gas 
molecules (e. g. CH4, and other hydrocarbons, 
CO2, and also H2) are trapped into a solid 
structure formed by H2O molecules. The water 
molecules are bound in a solid lattice that 
forms “cages” of different size and dimension, 
where one or few foreign molecules are 
hosted. Besides being present in nature, these 
compounds can be prepared in laboratory and 
have been recently proposed as effective, 
safe, and economical materials for hydrogen 
storage. It has recently been shown that 
adding tetrahydrofuran (THF) to water, a 
ternary hydrogen clathrate can be formed, at a 
much lower pressure than needed for the pure 
H2-H2O clathrate. Clathrates are peculiar 
systems for what concerns lattice dynamics, 
since the deeply non-harmonic motion of the 
guest molecules in the cages (rattling) differs 
from all other normal modes of the crystal, and 
is responsible for the anomalous thermal 
conductivity of these materials. 
The aim of the experiment was to study the 
dynamics of the H2 molecules in two different 
hydrogen clathrates. We have measured 
inelastic neutron scattering spectra from three 
different samples, namely: 1) a deuterated 
tetrahydrofuran (TDF) - heavy water (D2O) 
clathrate, that has the same crystal structure of 
the two other clathrates examined in this study 
and was used as a background; 2) A TDF-
D2O-H2 clathrate, and 3) a sample of pure 
D2O-H2 clathrate. The samples were prepared 
in the ISC-CNR laboratory in Italy, and 
transported to BENSC at liquid nitrogen 
temperature. Due to the large incoherent 
neutron cross section for the proton, the 
measured spectra reveal strong features due 
to the H2 motion inside the clathrate cage. 
Spectra (summed over all angles) measured 
for the TDF-D2O-H2 clathrate at five 
temperatures are shown in the figure, after 
subtraction of the (much weaker) spectra 
obtained for the TDF-D2O clathrate. The two 

strong features visible in the energy loss side 
of the figure are easily assigned. 

-20 -15 -10 -5 0 5 10 15
0.00

0.05

0.10

0.15

0.20

0.25

0.30

 

 

In
te

ns
ity

 (a
rb

. u
ni

ts
)

Neutron Energy Loss (meV)

 2 K
 30 K
 50 K
 70 K
 95 K

The band observed at about 14.7 meV 
correspond to the J=0→1 rotational transition 
of the H2 molecule, while the band around 10 
meV is the fundamental transition for the 
rattling motion of the H2 molecule in the 
clathrate cage. From these measurement we 
derive the information that the rotational 
motion of the H2 molecule is almost free, since 
the rotational energy is very similar to that of 
the isolated molecule. In addition, we notice 
that the rattling transition has an energy which 
is quite high compared with the analogous in 
methane clathrates, due to the different mass 
of the molecules. The temperature behaviour 
puts in evidence an intensity increase on the 
high frequency side of the rattling transition. 
This is what is generally known as negative 
anharmonicity, and correspond to the fact that 
the potential for the H2 molecule rattling motion 
looks more like a square well than a parabola. 
In the analysis, the values of the transition 
frequencies and band intensities have been 
quantitatively related to the details of the 
interaction potential between H2 and the water 
molecules, with a very good agreement. 
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Copper selenide is a mixed ionic-electronic 
conductor and received attention from the 
technological and physical point of view in 
particular due to a high ionic conductivity. 
According to [1, 2] only a fraction of Cu atoms 
takes part in the ionic transport in Cu2-xSe 
compounds. The number of mobile atoms is 
about 1/3 - 1/8 of the total cation concentration 
in stoichiometric Cu2Se and decreases with x 
causing the ionic conductivity to drop. This 
conclusion is based on the assumption that Cu 
mobility does not depend on composition. 
Therefore the QENS study is of interest 
because the width and intensity of quasi-elastic 
peak associated with Cu diffusion are directly 
related to Cu coefficient of self-diffusion and 
the number of mobile ions, respectively. 
 
We performed measurements of the quasi-
elastic broadening in Cu1.77Se, Cu1.90Se and 
Cu1.98Se compounds at 313 and 430K with 
NEAT time-of-flight spectrometer. Incident 
wavelength of 6.5 Å was chosen in order to 
minimise contribution from the low – energy 
phonons and still have sufficiently high neutron 
flux and resolution. Figure 1 shows the 
dynamic structure factor of Cu1.77Se and 
Cu1.98Se compounds measured at 313K and 
430K. In ordered non-superionic α-phase 
Cu1.98Se the quasielastic component is not 
observed at T = 313K, however it is clearly 
seen in superionic β-Cu1.98Se at T=430K. By 
contrast the Cu1.77Se compound which is 
superionic at ambient temperature has 
relatively small quasielastic component 
showing little difference between 313K and 
430K. The analysis shows that fraction of Cu 
atoms which takes part in the ionic transport 
indeed decreases with x in general agreement 
with papers [1, 2], but not vanishes at x = 0.23. 
In contrast with data [1, 2] the self-diffusion 
coefficient depends on composition: 
Di(Cu1.98Se) ≈ 1.7×Di(Cu1.77Se) ≈ 6×10-5 cm2/s 
at 430K. 

 
 
Fig. 1 Dynamic structure factor of Cu2-δSe 
samples: 
(a) α-Cu1.98Se : T = 313K ( ); β-Cu1.98Se, 
T=430K ( ) 
(b) β-Cu1.77Se : T = 313K ( ); β-Cu1.77Se, 
T=430K ( ) 
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Materials with protonic conductivity are interesting 
for a number of technological energy related 
applications, e.g., as electrolytes in fuel cells, that 
can be used to deliver cleaner energy. 
Sr4(Sr’2Ta2)O11 is a member in a series of oxygen 
deficient complex perovskites which hydrate and 
reveal high protonic conductivity at elevated 
temperatures under humid atmospheres. 
 
To understand the proton transfer mechanism in 
Sr4(Sr’2Ta2)O11, QENS experiments were 
performed in a large temperature scale from 100 to 
800 °C and with two energy resolutions ΔE ≈ 90 
and 30 µeV. The sample was placed into a Suprasil 
quartz tube (very low H content), which was further 
connected into the DeGAS system to produce 
humid atmosphere (pH2O =  0.3 bar) required to 
keep the sample hydrated. The sample size was 
adjusted to fill the whole beam, to avoid any 
possible background induced by the water vapour. 
Furthermore, background measurements were 
performed for the quartz tube, both filled with 
water vapour and having a vacuum inside. There 
was no difference between these background 
measurements. The quartz tube and the present 
water vapour did not produce any QE signal, but 
some weak inelastic contributions at rather high 
energy gain could be noted.  
 
Measurements performed at ΔE ≈ 90 µeV at 100 
and 200 °C did not reveal any QE contribution, and 
therefore a higher ΔE ≈ 30µeV was employed. 
Using this resolution QE signal was observed 
between 400 and 800 °C. Above 800 °C 
Sr4(Sr’2Ta2)O11

.H2O dehydrates and the QE 
contribution fades away.  
 
The QENS spectra were reproduced using a so-
called phenomenological model, including a 
contribution for the elastic peak and a Lorentzian 
function for the QE part. The incoherent scattering 
function for this model can be given as: 

 
    
where f is a scaling factor, A0 is the elastic 
incoherent structure factor, δ(ω) is the Dirac 
function, (1-A0) is the quasielastic incoherent 
structure factor, R(Q,ω) is the resolution function 
and B(Q,ω) is the background. L(Δ,ω) represents 
the QE contribution with a half-width of the half-
maxima Δ. In figure 1 is show a fit of the measured 
QE spectra at 500 °C, at ΔE ≈ 30 µeV and at  
Q = 1.25 Å-1. The QE spectra are well reproduced 
by this model. The evolution of the QE widths as a 
function of Q at each temperature shows a strong Q 
dependency, indicating translational diffusion of 
protons.  

 
 
Figure 1. The QENS spectra reproduced by a 
phenomenological model. The triangles are the 
experimental points, and the solid lines the different 
contributions of the model.  
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Our research focuses on the role of 
confined water in biological processes such as 
ion or water transport through highly selective 
channels. To this end, we have synthesized a 
family of pore-forming compounds which 
incorporate water and investigated the 
behaviour of water behaviour with different 
techniques, mainly solid state NMR.  

QENS experiments covering a T range 
from 225 to 300 K were designed in order to 
have access to information at a time scale 
faster than NMR and to attempt to distinguish 
between rotational and translational dynamics 
of the water molecules, by utilizing different 
instrumental energy resolution. 

The experiments were carried out using 
150 mg of one of our pore-forming substances 
sealed in gold plated sample holders of 0.2 
mm depth. The first set of experiments was 
carried out with an energy resolution of 
approximately 95 μeV, which was measured 
with the sample at 100 K. With this 
configuration we collected data at 250, 270, 
290 and 300 K, and were able to observe 
appreciable quasielastic broadening, which 
showed a strong increase at higher 
temperatures.  

We then shifted to a second configuration 
with an incident wavelength of 7.5Å with a 
resolution of approximately 45 μeV, in an effort 
to differentiate between different dynamic 
processes possessing different widths. We 
collected data at four different temperatures 
(225, 250 270 and 300 K). Initial analysis of 
the experimental data did reveal the presence 
of at least one more quasielastic peak with a 
different width, which points to the presence of 
a slower process.  

Because of the fact that that the data 
analysis software was not fully functional at the 
time of the experiment, the analysis and fitting 
of the experimental spectra to models for water 

dynamics was delayed.  This effort is currently 
underway with the use of the program “Fitmo”, 
to which remote access has been provided. 

Our preliminary analysis does, however, 
make it clear that QENS is indeed a very 
useful tool for our investigations, and we 
therefore anticipate a continuation of our work 
to compare these results of water dynamics 
with those to be obtained on water in similar, 
but less confining pores. 
 

 
Figure: Crystal structure of the compound of interest with side 
view of the pore is shown. Water in the walls of the pore is 
represented in blue and cluster water in red.  
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We have continued our previous experiment (PHY-
03-467) on V5 to study the high temperature 
phason dynamics in the icosahedral quasicrystal 
i-AlCuFe. Our purpose was to separate the different 
atomic components (especially Cu and Fe) of the 
phason dynamics by using changes in the scattering 
cross section. Three different samples were 
available, one with all natural isotopes, one with 
65Cu and one with 57Fe respectively. The first 
experiment concerned mainly the sample with 65Cu. 
In the present experiment the sample with 65Cu and 
one with 57Fe were studied. The difference is that in 
the first, the copper scattering cross section is large, 
while in the second the iron scattering is almost 
absent. Thus we study mainly the contribution of 
copper to the atomic dynamics. 
 
The set-up used was as follows. Bank 2 covered the 
range of 0.74 to 0.90 A-1, bank 3 from 1.30 to 1.43, 
and bank 4 from 1.71 to 1.78 A-1.  
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The interesting thing about these ranges is that the 
bank 2 is located in a region of reciprocal space 
where there is no significant elastic Bragg 
reflection from the quasicrystal. Several elastic 
reflections are in the range of the banks 3 and 4. 
Thus we can compare elastic and inelastic 
scattering. 
 
To reach the high temperatures necessary for this 
experiment, the ILL high-temperature oven was 
used. This has the disadvantage that the heater is 
not bifilar so that a certain effect of the magnetic 
field generated must be compensated for. This was 

achieved by measuring vitreous quartz at 
temperatures up to 600 K. This yields the apparent 
Debye Waller factor. Literature data for the 
measured Debye Waller factor was used to 
compensate.     
 
We found that in the region of Fourier times 0.01 to 
2 ns, that the echo amplitude was constant within 
the statistics, but decreased with increasing 
temperatures. We interpret this as meaning that we 
are sensitive to decreases in self-correlation for 
times shorter than 0.01 ns. Such fast processes are 
known to be given mainly by copper in i-AlCuFe. 
We normalized the average echo amplitude to that 
of the quartz and found that the results of bank 2 
(low Q) were temperature independent and near 
unity up to about 600K. The results of banks 3 and 
4 decreased in this region as a normal Debye 
Waller effect. Therefore we normalize the bank 2 
data to units and those of banks 3 and 4 to the DW 
of quasicrystal AlCuFe measured by 57Fe 
Mössbauer spectroscopy. This yields the surprising 
results given in the figure. We see normal Debye 
behaviour up to 600K for the two banks including 
elastic Bragg reflections. Then there is a strong 
decrease which proceeds in two steps: one from 
600 to about 850, and the second above this. We 
see the same behaviour in the data for bank 2, but 
here there are step decreases in the average echo 
intensity. 
 
We remark as well that the data for the two samples 
are very similar, and that the main contribution is 
from copper. These results are now being analysed 
further. It would be interesting to follow down to 
shorter Fourier times to explicitly show the copper 
dynamics.  
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  Date of Report:  
 
We have continued our previous experiments 
(PHY-03-467 and PHY-03-0526) on V5 to 
study the high temperature phason dynamics 
in the icosahedral quasicrystal i-AlCuFe. Two 
different samples were available, one enriched 
in 65Cu and one in 57Fe.  

In experiment PHY-03-0526 we found that in 
the region of Fourier times 0.01 to 2 ns, the 
echo amplitude was constant within the 
statistics, but decreased with increasing 
temperatures. We interpret this as meaning 
that we are sensitive to decreases in self-
correlation for times shorter than 0.01 ns. We 
normalized the average echo amplitude to that 
of the quartz and found that the results in the 
low Q region were temperature independent 
and near unity up to about 600K. The results 
from higher Q range decreased in this region 
as a normal Debye Waller effect.  

In this experiment we covered the Fourier 
times from 0.5 ps to 0.5 ns. We studied both 
the 65Cu isotopic sample as well as the 57Fe 
one. As before, spectra were taken up to about 
1100K, using the low temperature data as 
normalization. Quartz data were taken at two 
temperatures in order to calibrate as well as 
check the effect of oven current on the spin 
echo signal.  

In this experiment we were able for the first 
time to actually observe atomic dynamics 
directly. As the data reduction is not yet 
completed, we present here only a few 
examples. In the figure, we see the Q range 
from 1.2 to 1.6 AA-1 at several different 
temperatures. The data from 150 C is clearly 
flat reflecting no other dynamics than lattice 
vibrations. The data for 695 and 795 C show 
clear exponential decay in the range of 0.5 to 5 
ps.  

 

The exponential decay time constant is in the 
range of times which we would expect from the 
previous MIBIMOL results 
(Coddens1993b,Coddens1996). The signal 
decays to a finite intensity. This is taken as an 
indication of the finite Bragg background. 
These data are now being analyzed and a 
more complete report will be submitted at a 
later date.  
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Using the neutron spin echo instrument V5 of 
BENSC and related ancillary equipment, we have 
investigated deuterated samples of 
NaMgAl(oxalate)3.9H2O which exhibit remarkable 
spectral hole-burning properties [1]. The plan for 
the SPAN experiments was to delineate the 
dynamic effects with the aim of understanding more 
fully the influence of deuteration in the remarkable 
enhancement of the spectral hole-burning exhibited 
by these materials.  
 
Previous studies suggest that the relaxation 
mechanism involves some motion of the water 
molecules, probably flipping. Neutron scattering is 
an ideal technique to investigate this type of motion. 
Our proposal was aimed at studying motion in the 
time range of 0.1-5 ns, this timescale having been 
deduced from extrapolation of NMR data.  While 
NMR data are sensitive to motion, they give little 
information as to the nature of the motion or the 
mobile species.  
 
We collected data at room temperature on a 
sample that was almost completely deuterated (~98 
%). These relaxation data revealed a scatter of 
points with relaxation time rather than the expected 
decay-curve (Fig 1). 

 
Fig. 1 Relaxation results at room temperature for 
NaMgAl(oxalate)3.9H2O deuterated to ~ 98 %.   
 
Similar results were obtained for other 
measurements in this range but without any 
discernable relaxation behaviour, or indeed any 
trends with temperature. At lower temperatures, 
~200 K, any water-motion would be much slower 
and we therefore expected to see higher probability 
values at all relaxation times. While the scatter is 
reduced in the 200 K data (Fig 2), the actual values 

are rather lower than at ~ 300 K. These findings are 
very difficult to understand as they infer an 
underlying process that is much faster at 200 K 
than at 300 K. We then cooled the sample to below 
20 K where we would expect to see only the 
resolution of the instrument (value ~1) at all times, 
but again obtained scattered, inconclusive results.  

 
Fig. 2 Relaxation results at ~ 200 K for 
NaMgAl(oxalate)3.9H2O deuterated to ~ 98 %.   
 
Similar relaxation results and behaviour were 
obtained for a partially deuterated sample (~ 50 %). 
As such the entire set of results is difficult to 
understand in terms of relaxation of atomic 
positions with time. We consider the most likely 
explanation of our results is that the time-scale of 
the water motion falls outside the range of the 
spectrometer. Test data were therefore obtained on 
the V3 time-of-flight spectrometer running at high 
resolution. These experiments failed to reveal a 
quasielastic signal from the oxalate indicating that 
any water-motion occurs on a very long timescale 
and that the waters are firmly held. This would 
seem to militate against the waters playing a role in 
the rapid relaxation process – an unexpected and 
very interesting outcome for these experiments.  
 
It is not unusual that NMR measurements indicate a 
timescale that is different from that found by 
neutron scattering. When this arises it usually 
transpires that the processes being measured by 
the two techniques – neutron scattering and NMR - 
are different.  
 
[1] H Riesen, Coordination Chemistry Reviews 250 
(2006) 1737 
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Objectives: 
 
In situ neutron powder diffraction (NPD) in 
the temperature range of 25-1100°C have 
been performed at E2 on synthetic and 
natural spinels with chemical formula 
Zn(Fe3+, AI)2O4. Spinels are oxides 
founded in a wide range of geological 
environments, from upper mantle to crust. 
Their elementary cell contains 32 oxygen 
atoms in cubic close packing arrangement, 
16 octahedrally (M) and 8 tetrahedrally (T) 
coordinated sites which host bi-, tri- and 
tetra-valent. The cation partitioning over 
the T- and M.-sites is related to pressure 
and temperature. Therefore in situ 
determination are fundamental for 
understanding the thermo baric history of 
spinels.  
 
Achievements/difficulties: 
 
The cation partitioning over the T- and M-
site as a function of T of the three cations 
(Zn, Fe3+ and AI) was determined by 
Rietveld refinements. In particular the 
thermal expansion coefficients of the lattice 
parameters, interatomic bond lengths, 
Oxygen coordinate and isotropic thermal 
parameters were obtained from the full-
profile structure refinements.  
 
Preliminary results agree with a two-stage 
reaction, in which an initial exchange 
between Fe3+ and Zn, the former leaving 
and the latter entering tetrahedral sites, is 
successively followed by a rearrangement 
involving AI.  
 
 
 
 

 
 
The measured cation distribution has then 
been compared and discussed with that 
calculated by the maximum configuration 
entropy approach, for which NPD patterns 
have been used. The cation partitioning 
has finally been interpreted in the light of 
the configuration model of O´Neill-
Navrotsky.  
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  Date of Report: 19/01/2009 
 
The feldpar sanidine is a mixture between 
orthoclase (KAlSi3O8) and albite (NaAlSi3O8).  It 
crystallizes in a monoclinic structure based on a 
framework of corner-sharing AlO4 and SiO4 
tetrahedra. The structure contains two 
symmetrically non-equivalent tetrahedral sites, T1 
and T2; but because there are 16 T sites per unit 
cell and 4Al+12Si atoms to fill them, it is not 
possible to have an ordered Al/Si distribution in 
these two sites. If the Al/Si distribution is random, 
the structure is said to be completely disordered 
(high sanidine). Nevertheless applying slow 
annealing, Al3+ is expected to migrate 
preferentially into the T1 sites and Si4+ into the T2 
sites in order to satisfy local electrostatical 
balance considerations (low sanidine). 
The Al/Si distribution on the two symmetrically 
non-equivalent tetrahedral sites influences the 
kinetics of mineral reactions during the phase 
separation process in the orthoclase-albite 
system. Thus a knowledge of the Al/Si 
distribution in the starting material is 
indispensable for the further investigation of the 
phase separation. 
Al and Si are neighbouring elements in the 
periodic table, Al3+ and Si4+ have the same 
number of electrons and therefor, nearly similar 
atomic scattering factors in X-ray diffraction. 
Otherwise the coherent neutron scattering length 
of Al and Si is different. Thus structural analysis 
by Rietveld refinement of neutron diffraction data 
allows the separation of isoelectrical ions like it is 
the case for Al3+ and Si4+. 
Neutron diffraction experiments were performed 
at the flat cone diffractometer E2 (λ=2.39 Å) 
using two samples of natural sanidine 
(K0.82Na0.18AlSi3O8), one untreated sample and 
the other annealed at 1050°C.  
The neutron diffraction pattern of the untreated 
sample was analyzed by Rietveld refinement 
using the FullProf software package [1]. The 
structure model of orthoclase (space group 

C2/m) was used as starting point for the 
refinement procedure. Global profile parameters 
including a scale factor, a 2θ zero parameter and 
parameters of a peak shape function (U, V, W). A 
Thompson-Cox-Hasings pseudo-Voigt 
convoluted with axial divergence asymmetry 
function [2] was used as peak shape function. 
The background was fitted using a three-
parameter polynomial. The lattice parameter 
determined by Rietveld analysis are summarized 
in table 1. 
The refinement of the neutron diffraction data of 
the annealed sample is ongoing. 

 
Figure 1: Analyzed neutron diffraction pattern of 
the untreated sanidine sample (RBragg=3.20). 

Table 1: Lattice parameter of sanidine 
lattice parameter  

a    [Å] 8.536 (1) 
b    [Å] 13.012 (2) 
c    [Å] 7.184 (1) 

β 116.005 (2)° 

Further analysis will yield more detailed results 
about the Al/Si distribution on the two tetra-
hedral sites of the orthoclase type structure.  
 
[1] J. Rodriguez-Carjaval, Physica B 192 (1993) 
55. 
[2] Finger, Cox, Jephcoat, J. Appl. Cryst. 27 
(1994) 892. 
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Principal Proposer: Oxana Karimova Date(s) of Experiment 
Experimental Team: Manfred Reehuis 
  
  

14/04/2008 – 25/04/2008

  Date of Report: 14/01/2009 
 

The main goal of conducted experiment 

was determination of proton position in a 

crystal structure of mineral catapleiite. The 

crystal structure of catapleiite 

Na2ZrSi3O9x2H2O has been studied before by 

X-ray diffraction. But traditional single crystal 

X-ray diffraction is not suitable tool for 

determination of proton position in a structure. 

The only possibility to locate hydrogen in a 

structure is to use single crystal neutron 

diffraction. 

 

A crystal of catapleiite with dimensions 

5x10x2 mm was mounted on the four-circle E5 

single crystal diffractometer of the BER II 

reactor at the Berlin Neutron Scattering Center, 

Helmholtz-Center for Materials and Energy. A 

monochromated beam with λ=0.89491 was 

attainted by reflection from the (220) plane of a 

copper single crystal. The data were collected 

using an area position-sensitive (90x90 mm2) 
3He-detector. A total of 3054 reflections were 

collected, of which 2098 reflections were 

unique. 

Neutron diffraction study of mineral 

catapleiite at BENSC resulted in successful 

elucidation of the structure with proton position 

location. 

 
 

Acknowledgement: 
 
This research project has been supported by the 
Helmholtz-Center Berlin for Materials and 
Energy. 
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Principal Proposer: O. Sobolev, LGIT, CNRS&UJF, Grenoble, France Date(s) of Experiment 
Experimental Team: L. Charlet, LGIT, CNRS&UJF, Grenoble, France 
 C. J. Cuello, ILL, Grenoble, France 16/05/2008 – 19/05/2008

  Date of Report: 15/01/2008 
 
Smectite clay minerals are layer-type 
aluminosilicates consisting of negatively charged 
silicate layers held together by cations to give a 
stacked (crystalline) structure. Under humid 
conditions, the cations in the interlayer and the 
internal clay surfaces are hydrated. Clay minerals 
have been selected as the most suitable buffer 
material for high level radioactive waste 
repositories. The buffer material is expected to 
retard the migration of the radionuclides in case of 
corrosion of the waste package material. 
   Sm3+ cation is of interest because it can be 
considered as a chemical analog of actinides such 
as Pu3+ and Am3+. 
   In our previous experiments [1,2] we studied by 
means of neutron diffraction with isotopic 
substitution the structural parameters of the 
coordination of Sm3+, adsorbed in the interlayer 
space of the montmorillonite. It was found that the 
number of hydrogen atoms NH = 5.5 ± 2.0 in the 
first coordination shell of Sm3+ is equal or even 
slightly smaller than those of oxygen atoms NO = 
7.5 ± 1.0. This means that not all these oxygen 
atoms belong to water molecules. It was supposed 
that the Sm3+ ion binds to the clay surface via 
oxygen siloxane atoms, and it is probably partially 
hydrolyzed. However in our MD simulations and 
EXAFS experiments Sm3+ cation was found to be 
localized at the middle of the clay interlayer and 
fully hydrated.  
   Quasielastic neutron scattering experiments were 
performed with Na-hectorite, Ni-hectorite and Sm-
hectorite samples in order to compare the diffusion 
mobility of water molecules in Sm-hectorite with 
that for other interlayer cations: strongly hydrated 
Ni2+ and relatively weakly hydrated Na+.  
   The incident neutron wavelength was λ0 = 8 Å, 
with an elastic resolution Δ ~30 μeV measured by 
using a standard vanadium sample. Flat sample 
cells with 0.6 mm thickness were used, resulting in 
a transmission of about 94%. The sample 
orientation angle with respect to the incident 
neutron beam direction was 135o. The QENS was 
measured in a Q range of 0.23 – 1.33 Å-1. 
   It was found that water mobility in Sm – hectorite 
sample is close to the water mobility in the Ni-
hectorite. This is only possible if Sm3+ ion is fully 

hydrated. A compromise with the neutron 
diffraction data can be found, assuming that not all 
adsorbed Sm interacts with water molecules, 
probably due to precipitation.  

 
Fig. 1 Snapshot from a molecular dynamics 
simulation of a hydrated smectite clay. Sm3+

 
cations 

(big dark spheres) lie on the clay interlayer 
surrounded by water molecules.  

 
Fig. 2 Full Width at Half Maximum of Quasielastic 
Scattering obtained for the Na-hectorite (red), Sm-
hectorite (green) and Ni-hectorite (blue). 
 
References 
[1] Sobolev, O.; Charlet, L.; Cuello, G. J.; Gehin, A.; 
Brendle J.; and Geoffroy, N. J. Phys.: Condens. Matter. 
2008, 20, 104207 
[2] Sobolev, O.; Charlet, L.; Cuello, G.J.; Gehin, A.; 
Brendle, J.; Radiochemica Acta 2008, 96, 1–5. 
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  Date of Report: 04/08/2008 
 
Many biologically-active molecules are chiral, 
including the naturally occurring amino acids. 
Chirality is a property of molecules that belong to 
polar groups, distinguished by a unique 3D 
structure in which pairs of mirror image molecules 
are not super-imposable and are referred to as 
enantiomers. Amino acids crystallize in different 
crystal structures with different hydrogen bonding 
(HB) networks. In the solid state, they exist in the 
zwitterionic form, NH3

+

CHRCOO
-

, where the R-
groups are characteristic of the particular amino 
acids. The N

+

–H…O HBs contribute notably to the 
intermolecular interactions in these compounds. 
Interest in chiral (pure D or L) vs racemic (DL) 
amino acid forms stems from their different solid-
state properties associated with the packing 
arrangement that leads to starkly different physical 
behavior. Measuring incoherent inelastic and 
Raman spectra over a wide temperature range, we 
recently identified a subtle dynamical transition 
(only) in L-serine near 150 K (1). Moreover, a 
comparative study using single crystal X-ray 
diffraction shows that the anisotropy of strain in L- 
and in DL-serine on cooling is radically different 
from that with increasing pressure (2). 
Subsequently, we performed a new inelastic 
neutron scattering experiment to follow the effects 
of pressure on the HBs in L and DLserine, 
observing that while in L-serine some modes 
harden with increasing pressure, in DLserine 
discontinuous changes in particular vibrational 
modes suggest some sort of molecular 
rearrangement (3). Similar behavior has been 
observed by Raman scattering (4). For a better 
understanding of our vibrational data, it is essential 
to determine the position of the H-atoms. Normally 
in biological materials this relies on costly 
deuteration; moreover, substitution of H for D can 
give rise to an increase in HB lengths and induce 
changes in the HB interactions due to the 

Ubbelohde effect, as we have just verified (5). 
Instead, this problem can be tackled using neutron 
high flux and high-resolution powder diffractometers 
such E6 at HMI. A preliminary study to verify the 
feasibility of our proposal was performed using E6 
at HMI. Results from our NPD experiments at 300K 
at atmospheric pressure and 5kbar are given in 
Fig.1. While no obvious changes, other than 
displacements of peak position, could be observed 
in L-Serine, in DL-Serine there were noticeable 
changes (arrows). Further studies are under way.  

 
 
 
 
 

1-H.N. Bordallo, B.A. Kolesov, E.V. Boldyreva and  
F. Juranyi JACS 2007, 129, 10984  
2-E.V. Boldyreva, E.N. Kolesnik, et al. Z. Kristallogr. 
2006, 221, 150 & E.N. Kolesnik et al, Doklady Phys. 
Chem. 2005, 404, 169   
3-H.N. Bordallo, E.V. Boldyreva, T. Strassle, FOCUS 
20071237 - PSI Nov. 2007   
4-C. Murli, R. Vasanthi and S.M. Sharma, Chem. 
Phys. 2006, 331, 77  
5-J. M. de Souza, P. Freire, H. N. Bordallo, D.N. 
Argyriou, J. Phys. Chem. B 2007, 111, 5034   
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  Date of Report: 03/08/2008 
 
Valine (C5H11NO2) is an essential, naturally 
occurring amino acid, vital for human 
metabolism. It is needed for all muscle 
building, and is a necessary precursor of 
cholesterol. In the solid state it adopts a non 
centrosymmetric space group (P21) and is 
piezoelectric. Changes in Raman spectra (1) 
and in the piezoelectric response at ~110 K (2) 
appear to indicate a phase transition at about 
120K.   
 
The neutron powder diffraction experiments 
performed using E9 revealed a negative 
thermal expansion at about the same 
temperature, see Figure. However, there is no 
clear evidence in powder data for a change in 
space- group symmetry. We believe that the 
lattice contraction on cooling leads to changes 
in the hydrogen bonding network, causing 
rotations and twists of the zwitterions and 
driving the rearrangement. To get a better 
insight into the key role of hydrogen bonding 
temperature-dependent vibrational data on a 
large time range is being undertaken to 
properly study this transition.  
 
Taking into consideration the piezoelectric 
response observed in the amino acids (2,3), 
the idea of possible phase changes appear to 
be of great interest. In the last years we started 
a careful structural study of glycine, alanine 
and serine. High resolution XRD and NPD on 
L-alanine show that while there is no change in 
the space group symmetry, there is an unusual 
increase (on cooling) of the c lattice parameter 
(4) – i.e., negative thermal expansion (NTE). 
Moreover, the evolution of the mean-square 
displacement obtained from QENS data on 
glycine (5), alanine (6) and serine (7) reveals a 
change in dynamic properties at about 150 K, 
which can be related to the reorientation of the 
NH3group. In general, phase transitions such 

as these can be connected to the contraction 
of the unit cell on cooling that leads to changes 
in the hydrogen-bond network, modifying the 
crystal symmetry through rotations and twists 
of the zwitterions. 
 

 
1. Lima Jr., J.A., P.T.C. Freire, Sasaki, et al., J. 
Raman Spectrosc. 36, 1076 (2005)  
2. V.V. Lemanov et al, Magnetism and Ferrolectricity 
44:1840 (2002)  
3. P. Langan et al, Acta Cryst. B58 :728 (2002)  
4. M. Barthes, H.N. Bordallo et al European Phys. J. 
B 37, 375–382 (2004)  
5. H.N. Bordallo, E.V. Boldyreva et al, J. Phys. Chem. 
B, 112, 8748 (2008)  
6. de Souza J.M. Freire P.T.C. Bordallo H.N. Argyriou 
D.N., J. of Physical Chemistry B111,5034, (2007)  
7. Bordallo, H.N., Kolesov, B.A., Boldyreva, E.V., 
Juranyi, F. J. Am. Chem. Soc., 129, 10984, (2007).  
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  Date of Report: 19.03.08 
 
The photosynthetic water splitting (for a review 
see e.g. G. Renger [1]) takes place in a 
multimeric membrane-bound protein complex 
referred to as Photosystem II (PS II).  
A number of studies indicated that certain PS II 
redox reactions exhibit a pronounced 
dependence on temperature [2] and on the 
relative humidity of the sample [3]. Recently, 
we have shown that diffusive protein motions 
on the ps-timescale in PS II membrane 
fragments set on at a temperature of ~240 K 
and at a relative humidity (r.h.) of ~45 %, i.e. 
exactly the values where the PS II redox 
reactions are activated [4,5]. These findings 
suggest that the functionality of PS II is 
strongly correlated with the protein flexibility in 
PS II membrane fragments.  
A deeper understanding of these effects 
requires information on the structural 
organization of PS II membrane fragments and 
the location of hydration water molecules. 
To address this point, we carried out neutron 
diffraction measurements on PS II membrane 
fragments using the membrane diffractometer 
V1 (see Fig. 1). The preparation protocol was 
identical to that used in the preceding QENS 
studies. The sample was hydrated at 6 well-
defined r.h.-values between 22 and 90 %. The 
results show a complex structure with peak 
positions depending on the hydration degree of 
the sample (see Fig. 1). Further weak, but 
discernible peaks are found at higher Q-
values. Quite remarkable is the strong 
increase of the peak intensity upon r.h.-
decrease from 90 to 75 %, while there is a 
subsequent decrease of peak intensity with 
decreasing r.h. below 75 %. To investigate this 
effect, additional experiments were carried out 
at a fixed r.h. of 57 % with contrast variation for 
the hydration water. These measurements (not 
shown) revealed that the structure shown in 
Fig. 1 is completely lost upon suppression of 
the water contribution to the total diffraction 
signal. This finding establishes that the 
hydration-dependent diffraction signal of PSII 
membrane stacks is almost entirely due to 

coherent scattering originating from the 
hydration water molecules and that there is an 
ordering of these water molecules upon r.h.-
decrease from 90 to 75 %. The subsequent 
loss of peak intensity upon a further r.h.-
decrease is consistent with reduced lattice 
constants. A more detailed analysis is in 
progress. 
 

 
 
Figure 1 
Diffraction curves of PSII membrane fragments 
hydrated with D2O at r.h.-values of 33, 75 and 
90 %.  
 
References: 
1. G. Renger, Biochim. Biophys. Acta 1503 

(2001) 210-228 
2. Garbers, F. Reifarth, J. Kurreck, G. 

Renger, F. Parak, Biochemistry 37 (1998) 
11399-11404 

3. O. Kaminskaya, G. Renger, V. A. 
Shuvalov, Biochemistry 42 (2003) 8119-
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4. Pieper, J., Hauß, T., Buchsteiner, A., 
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The human skin and its outermost layer, the 
stratum corneum (SC), play an important role 
in protecting the body against environmental 
influences. It is generally accepted that the 
barrier function of the SC is associated with its 
unique composition of lipids (main 
constituents: ceramides (CER), cholesterol 
(CHOL), free fatty acids (FFA)) and the special 
assembly. These lipids are known to develop 
an exceptional lamellar matrix structure, which 
is matter of current debates. 
The focus of research effort is put on the 
investigation of oriented lipid model 
membranes on quartz slides, composed of 
simplistic, well defined lipid mixtures with 
varying ceramide components. Applying 
neutron diffraction as a useful tool enabled us 
to receive detailed information about the 
internal nanostructure of these model systems 
and to study the properties of each ceramide 
subclass. Our recent experiment BIO-01-2249, 
carried out at V1 diffractometer, dealed with 
the following subjects: 
(i) the quaternary model systems 
CER[EOS]/ D-CER[AP]/ BA/ CHOL 
(23/ 10/ 33/ 33 w/w) and CER[EOS]/ L-
CER[AP]/ BA/ CHOL (23/ 10/ 33/ 33 w/w) 
were investigated regarding the influence of 
the two diastereomers (D- and L-CER[AP], 
respectively) on the membrane structure, as 
they are known to exhibit different  
physicochemical properties [1]. The calculated 
neutron scattering length density (SLD) profiles 
revealed a comparable assembly of the lipid 
components. In both cases lamellar repeat 
distances of about 48.4 Å could be detected 
(D-form: 48.40 Å, L-AP: 48.36 Å). In contrast 
to other studies [2] no long periodicity phase 
(LPP) of 130 Å was observed, although the 
long-chain ω-acylceramide CER[EOS] was 
present, which is regarded to be a prerequisite 
for the formation of the LPP. The present 
findings are in line with our former results 
(BIO-01-2140, BIO-01-2062) [3], underlining 
the protruding influence of the very polar and 
short-chain CER[AP] and confirming the 

recently proposed armature reinforcement 
model [4]. It is remarkable that both systems 
containing the pure diastereomers of CER[AP] 
showed phase separation (D-CER[AP]: 3 
phases, L-CER[AP]: 2 phases). In contrast, the 
mixture of both did not show this phase 
separation. 
(ii) To study the amount of polar CER[AP] 
needed to express lipid lamellae with repeat 
distances of 48-49 Å, we investigated SC 
model membranes containing a lower ratio of 
2% and 5% w/w D,L-CER[AP] 
(CER[EOS]/ CER[AP]/ BA/ CHOL 
(23/ 5/ 38/ 33 w/w and 23/ 2/ 41/ 33 w/w, 
respectively). Again the neutron SLD profiles 
were calculated. As expected and illustrated in 
Fig. 1, the assembly of the lipids corresponds 
in both samples. It is noticeable that even a 
small amount of 2% CER[AP] induces the 
formation of the short periodicity phase, and 
that the other constituents, even CER[EOS], 
are forced to arrange inside this super-stable 
structure. 
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Fig. 1: Neutron scattering length density profile for the 
CER[EOS]/CER[AP]/BA/CHOL membrane with either 5% 
or 2% (w/w) CER[AP] at T=32°C, 60%rH and 8%D2O. 
References: 
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  Date of Report: 15/01/2009 
 
LS3 (LSSLLSL3) is a synthetic amphipathic peptide 
that lies on the hydrophobic/hydrophilic border of a 
phospholipid bilayer.  Upon application of an 
applied voltage across a bilayer, the peptide ‘flips’ 
transbilayer and aggregates to form an ion channel.  
The channel consists of a hexamer of LS3, which 
has an approximate diameter of 8Å and can allow 
the free movement of K+ and Cl- (Figure 1).   
Amphipathic peptides can be categorised into a 
particular class depending on their hydrophobicity.  
It is hypothesised that LS3 is classed as an 
apolipoprotein (A class) amphipathic peptide as 
evidence suggests that the peptide resides at the 
hydrophobic/hydrophilic interface of the 
membrane. Class A amphipathic peptides have 
been shown to stabilise lamellar formation and by 
the use of differential scanning calorimetry we have 
shown that the addition of LS3 to our phosphatidyl-
ethanolamine system decreases the phase transition 
temperature and destabilises lamellar formation.  
Our investigation is to study the effect of having the 
peptide at a high concentration (1:50 and 1:25) 
molar ratio of peptide to lipid on our lipid system 
so we can observe: 
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1) How the interaction of the peptide affects 
lamellar stability. 
 
2) Detailed structural information on the formation 
of the peptide pore by inducing at a high 
concentration in the bilayer. 
 
Using a peptide to lipid concentration of 1:50 molar 
ratio, the neutron scattering density profile of the 
DOPE (cis/trans mol/mol 1:1) with LS3 peptide 
(deuterated leucine at position 11).  The peptide 
density profile shows that the position of the 
peptide is just below the polar headgroup region of 
the bilayer, showing that the peptide directly acts 
along the hydrophobic/hydrophilic region of the 
membrane (Figure 2), which is in agreement to the 
model of peptide interaction along the membrane 
(Figure 1).  
 
At higher peptide/lipid concentrations (1:25) 
neutron diffraction decreased at higher orders and 

the presence of multiple lipid phases were 
observed.  Analysis of the neutron diffraction is still 
ongoing and further work at high concentration of 
peptide needs to be carried out to fully investigate 
the mechanism of pore formation in a bilayer. 

 

 
Figure 1.  Initial orientation of peptide lying horizontally to the 
membrane (top left).  Peptide re-orientates itself under an 
applied voltage perpendicularly to the bilayer (top right). 
Aggregation of the peptide (bottom right) results in the 
formation of a hexagonally arranged ion channel structure 
(bottom left) 

 
 

 

Figure 2: Neutron scattering length density 
profile with and without deuterated LS3. 
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Neutron diffraction experiments have been 
performed on nucleolipid (POPNs) membranes 
to get information on possible structural 
variations induced by inclusion of 
oligonucleotides. Having a net negative 
charge, nucleolipids can interact with like- 
charged oligonucleotides through molecular 
recognition, due to their polar heads, 
constituted by nucleotides. These self-
assembled systems can represent an 
interesting alternative to customarily used 
cationic lipid delivery vehicles for DNA 
(lipoplexes). Owing to the powder like nature of 
1-palmitoyl,2-oleoyl-phosphatidyl-adenosine 
(POPA) membranes  and considering the 
noteworthy structural effects of neutral lipids 
for lipoplexes’ transfection efficiency, POPC 
was blended with POPA. Mixed liposomal 
dispersions from these lipids were prepared 
and de-hydratied on quartz slides for neutron 
diffraction experiments. Such samples were 
then measured with and without oligos addition 
to the liposomal dispersion. Two molar ratios 
have been taken into account, 1:1 and 2:3 
POPA/POPC. The mixed membranes 1:1:2 
POPA:POPU:POPC, where two 
complementary nucleolipids are present in the 
sample, were investigated as well.  
All the spectra for lipid samples (without any 
oligonucleotides) showed up to five orders of 
diffraction, with a mosaicity lower than 0.5°, 
confirming the excellent quality of the lamellar 
stacks obtained from liposomal dispersions. 
Figure 1 shows the profiles obtained for 1:1 
POPA:POPC mixtures for all the contrast 
variations used in this experiment.  Thanks to 
the high structural quality of the samples and 
the data gathered in the experiment, it was 
possible to model the profile and to obtain 
several important structural parameters, such 
as the area per polar head and the number of 
water molecules. Minor differences were found 
out between the two investigated molar ratios. 
Remarkably, when complementary base oligos 
(50dT) were added to POPN/POPC 

membranes a new lamellar phases (Figure 2) 
was visible, having a higher bilayer spacing 
with respect to the same membrane without 
oligos (54Å). Because of the similarity with the 
results obtained with neutral lipids and DNA 
bound thanks to the presence of divalent 
cations, the first lamellar phase (larger in terms 
of bilayer thickness, 58Å) has been assigned 
to a novel structureconstituted by oligos within 
the lamellae, whereas the second one (smaller 
in terms of bilayer thickness, 52Å) is consistent 
with the presence of lamellae deprived in 
oligos and maybe enriched in POPC.1
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Figure 1. 1:1 POPA/POPC SLD profiles 
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Figure 2. 1:1:1 POPA:POPC:50dT Diffraction patterns  
Similar experiments have been carried out on 
POPG/POPC mixture where POPG is a 
anionic lipid as well as nucleolipids. In this 
case the addition of oligos does not induce any 
relevant structural transformations (no 
difference in the bilayers spacing value, 56Å) 
even if a decreased mosaicity is detectable. 
1) S. Milani et al, Langmuir, 2009, 10.1021/la8029825 
 
This research has been supported by the European 
Commission (6th Framework Programme through the 
Key Action: Strengthening the European Research 
Infrastructures. Contract n°: RII3-CT-2003-505925 
(NMI 3). 
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The project aims determining the structural 
parameters associated with the psi-type CD 
signals of LHCII, the main light harvesting 
protein complex of plants. By studying 
magnetically aligned stacked lamellar 
aggregates of LHCII we plan to establish 
correlation between spectroscopic data and 
structural parameters. These data can then be 
combined with near-atomic resolution data on 
LHCII crystals, and will be used in model 
calculations for partly ordered multilamellar 
membrane system. Loosely stacked lamellar 
aggregates also posses the ability to undergo 
light-induced reversible reorganization with a 
novel, biological thermo-optic mechanism. We 
will make attempts to capture these 
reorganizations.  

By using the membrane diffractometer V1 of 
BENSC, we performed measurements on 
magnetically aligned tightly stacked lamellar 
aggregates of LHCII. As shown by polarized 
fluorescence on the same sample, they can be 
aligned at 1.2-1.5 T. (The fluorescence 
polarization ratio was ~1.15, lower than the 
optimally attainable value, ~1.3, but suitable 
for measurements.) The samples, suspended 
in 20 mM Tricine/D2O buffer were filled in a 
quartz cell of 1 mm optical pathlength. In order 
to avoid possible problems (encountered last 
time using horizontal field) with the 
temperature controller and the gradient inside 
the sample compartment, we used the VM-5 
Warm-bore magnet with vertical field of 2T in a 
tube exposed to RT. In order to match the 
preferentially horizontal alignment of the 
lamellae we had to insert diaphragms in the 
beam to record the diffraction in the vertical 
direction. Under these conditions, we were not 
able to recognize any evidence of the 
multilamellar order. A closer inspection of the 
magnet revealed that this might have been 
partly due to the very small acceptance angle 

of the magnet in the vertical direction. In the 
remaining time, we used a pair of permanent 
magnets (approx 0.7 T) and an aluminium 
spacer of 2.2 mm thickness, and collected data 
using a quartz capillary of 2 mm diameter. 
Samples were measured with different 
conditions (preparation, D2O content), but with 
the settings mentioned above we could find 
sign of the lamellar order only at one sample 
(type IV LHCII in 100% D2O). In this case 
a very weak peak could be observed on 
a background, which could be fitted well with a 
power function. The equation  

was fitted for the scattering curve (I in a.u., q in 
Å

-1
). The centre position of the peak was 

0.083Å
-1

± 0.004Å
-1 

which is in accordance with 
our later measurement (Institut Laue Langevin, 
D22, 2008.10.13) where we could observe a 
well defined peak at 0.083Å

-1 
. Before further 

experiments, we plan to perform experiments 
with SAXS measurements on same and similar 
LHCII samples.  
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Pure lysophospholipid (lysoMPC) and mixed 
DMPC/lysoMPC membranes with molar ratio 
6/1 and 4/3 were characterized by neutron 
diffraction.  
The neutron diffraction patterns from lysoMPC 
were recorded at T=20oC, RH 57% with 
contrast variation 8%, 20% and 50% D2O. Four 
diffraction orders (fig. 1) allows one to restore 
the Fourier profiles of neutron scattering length 
density across the bilayer and to determine the 
internal structure of the membrane. The signs 
of structural factors were evaluated as 
“+”, “+”, “-“, “-“. 
Internal structure of the lysoMPC membrane 
and hydrophobic-hydrophilic boundary (XHH) 
have been determined from Fourier profile 
analysis. The repeat distance of the bilayer is 
40.2 Ǻ. The membrane thickness is dm=31.9 Ǻ, 
XHH=7.9 Ǻ. The intermembrane water space is 
dw=8.4 Ǻ. The thickness of the polar head 
group region is dHP=7.2 Ǻ. Phase transition 
was found between 25oC and 30oC at RH 
57%. 
Two minimum on the Fourier profiles probably 
reflect interdigitated position of hydrocarbon 
“tails” in the membrane with pure lysoMPC 
molecules. 
Parameters of the mixed DMPC/lysoMPC 
membranes were determined as well 
(Table 1). 
 

Table 1. Internal structure of the mixed 
DMPC/lysoMPC membrane at T=40oC and 
RH=96 %. 
 

R d dm dw dPH XHH 
6/1 49.4 39.4 10.0 8.4 14.7 
4/3 48.0 38.1 9.9 8.1 11.7 
DMPC 49.1 40.0 9.1 7.3 - 

 

R – DMPC/lysoMPC molar ratio, d – repeat 
distance, dm – membrane  thickness, dPH – 
thickness of the polar head group region, dw – 
intermembrane water layer, XHH – hydrophilic-
hydrophobic boundary. 
 

The data for pure DMPC membrane at the 
same condition are given for comparison in the 
last line of the table. 
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Fig.1 Neutron diffraction pattern from oriented 
multilamellar membrane of pure lysoMPC at 
T=20oC, RH 57%, 8% D2O. 
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Fig. 2 Fourier profiles of lysoMPC membrane 
at T=20oC, RH 57%, 8% (red), 20% (blue) and 
50% (green) D2O.  
 

Our diffraction experiment demonstrates that 
lysoMPC molecules create lipid bilayer on the 
quartz substrate at specified conditions. Thus 
lysoDMPC has membrane-generating 
properties at special conditions.  
The next step will be study of DMPC/lysoMPC 
systems in water excess by SANS.  
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Amyloid aggregation is involved in several 
fatal diseases, such as Alzheimer’s disease, 
Parkinson’s disease and systemic amyloidoses. 
Increasing experimental evidences indicate 
that protein oligomers rather than mature 
fibrils are the major responsible of cytotoxic 
effects.  
HypF-N (MW 10452 Da) is the N-terminal 
domain of a bacterial hydrogenase maturation 
factor. This protein undergoes amyloid 
aggregation in the presence of trifluoroethanol 
(TFE) and its pre-fibrillar aggregates are toxic 
to cultured cells. Therefore, it represents a 
useful model to study fibrillogenesis and the 
interaction of prefibrillar and fibrillar 
aggregates with cell membranes. The 
experiment Bio-01-2420 is the continuation of 
the previous experiment Bio-01-2064 within a 
project aimed to study the interaction of 
HypF-N and its amyloid aggregates with 
phospholipid membrane models. Both the 
experiments are based on lamellar neutron 
diffraction measurements carried out at 
BENSC V1 diffractometer and their final aim 
is that to reconstruct the structure of the lipid 
bilayer containing protein aggregates.  
In the experiment Bio-01-2064 the 
measurements have been carried out on 
POPC/POPS (92:8 mol/mol) supported 
membranes containing native, oligomeric and 
fibrillar HypF-N. POPC/POPS liposomes were 
incubated either with HypF-N in the native 
state, oligomeric HypF-N obtained after 22 h 
aggregation or HypF-N mature fibrils obtained 
after 7 days. After incubation, liposomes were 
deposited onto quartz slides and dried. 
Samples were prepared using both non 
deuterated HypF-N and HypF-N carrying 35 
deuterated glycines. 
The analysis of the results showed that the 
structure of the lipid bilayer is strongly 
affected by the interaction with the protein. 

Interesting qualitative information has been 
obtained, but we were not able to obtain the 
reflection number necessary to reconstruct the 
lipid bilayer structure. 
In the experiment Bio-01-2420, to obtain 
reflections of higher orders, we have reduced 
the protein concentration in the samples by a 
factor of three and we have decreased the 
relative humidity to 85%. The samples have 
been prepared as in the previous experiment. 
Diffraction measurements have been 
performed on samples containing native 
protein and oligomers at three different 
contrasts (8%, 20%, and 50 % D2O) and 
reflections until the fifth order have been 
detected. Furthermore, control measurements 
have been performed on POPC/POPS (92:8 
mol/mol). The experiment ended on Dec. 4th, 
2008 and at present the data are still under 
analysis. 
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The unique physical characteristic of 

proteins is that they display flexibility over a large 

range of time scales, from fs (individual bond 

vibrations) to ps (small group fluctuations) to ps and 

longer (collective motions). All these motions are 

thermally-driven, and temperature is a potential 

probe for the functional role of these motions. 

Selective activation of a particular motion in a 

characteristic temperature interval is of primary 

importance for the protein flexibility responsible for 

protein function. Different classes of motions are 

frozen in different temperature ranges on cooling or 

at different pressures on squeezing. Different 

experimental techniques are sensitive to the 

motions with different relaxation times, and so can 

selectively detect different types of disorder. This 

often leads to confusion and seeming discrepancies 

in the conclusions on the occurrence of a phase 

transition based on using different experimental 

techniques. At the same time, this selectivity can be 

used on purpose, and a complementary study of a 

system in a wide T/P range with as many 

experimental techniques as possible, can be helpful 

to elucidate the nature of the multiple dynamic 

transitions in these systems.  

Dynamic properties of proteins are often 

studied at simpler model systems – molecular 

crystals with selected functional groups, which can 

mimic important functional groups / molecular 

fragments of biopolymers. Acetamide group 

belongs to such important molecular fragments. For 

instance, structure and vibrational studies of N-

methylacetamide (CH3CONHCH3, or NMA), a 

single amide containing methyl groups at both 

extremities, has been the subject of a number of 

experimental and theoretical investigations
1,2,3,4

. 

Interestingly, most hydrated proteins undergo a 

dynamic transition in the temperature range of 

about 200 K–230 K which is related to an increase 

in the mean-squared displacement <u
2
>, showing a 

behavior very similar to the one observed in the 

model NMA system
5
. A step forward is to extend 

this work to real-life systems in a more systematic 

way. As examples of more complex molecules, we 

selected methacetine, phenacetine, paracetamol. It 

is interesting and important to know, how the 

dynamics of molecular fragments in the acetamide 

group in these molecules is related to the packing 

of molecules in a crystal, the structure and the 

properties of the hydrogen bond networks.  

Using NEAT at HZ Berlin we obtained 

surprising results that highlight how little is known 

about the relation dynamical response - 

polymorphism in paracetamol. This is of some 

general importance as polymorphism is of 

paramount importance in pharmacology. We are 

now processing the results and a publication should 

be submitted in the very near future.  

1
Eckert, J; Barthès, M.et al.; J. Phys. Chem. B 

2001, 105, 19;   
2
 Kearley G.J;  Johnson et al.; J. Chem. Phys. 

2001, 115, 2614;  
3
 Mirkin, N.G., Krimmin, S.J.; J. Mol. Struct. 1995, 

334, 3; 
4
 Trabelsi, S.; Nasr, S.;  Bahri, M.; Bellissent-Funel, 

M.-C. J. Phys. Chem. B 2006, 110, 25021; 
5
 Bordallo, H. N.; Argyriou, D. N.; Barthes, M.;  

Kalceff, W.; et al. Phys. Chem. B.; 2007; 111, 7725;  
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The objective of the present experiment was the 
investigation of the picosecond dynamical behavior of 
hydration water and polymer functionalized gold 
nanoparticles and biopeptides. For this we have been 
allocated 7+3 days beam time on NEAT spectrometer. 
Following an unexpected problem during the synthesis of 
gold nanoparticles and the lost of one day and half of 
beam time because of the reactor shutdown we decided 
to invest all the remaining days to study a common topic 
of the two proposals, i.e. hydration water dynamics on 
molecules of biological interest. Then we investigated the 
role of hydration water dynamics in the biocompatibility 
and non biocompatibility of the polymer itself.  
The background of this proposal is then in the 
biotechnology and medical application field. Although 
many theoretical and experimental efforts have been 
devoted to this problem in the last decades, it is not yet 
clear the mechanism responsible for biocompatibility at a 
molecular level. Several classes of poly(ethylene glycol) 
(PEG) based polymers were recently synthesized1 with a 
different behavior with respect to the interaction with 
biological material. Poly(2methoxyethylacrylate) (PMEA) 
showed excellent biocompatibility with platelets, white 
blood cells, and proteins2. In comparison to similar 
nonbiocompatible polymers, hydrated PMEA shows a 
peculiar exothermic peak in the differential scanning 
calorimetry (DSC) thermograph at around 230K. This 
peak was assigned by the authors to a particular state of 
water called freezing bound water, supposed to 
crystallize at lower temperature due to the interaction 
with the polymer1. Besides PMEA, another very 
interesting thermo sensitive polymer was recently 
synthesized whose ability to resist protein and cell 
adsorption depends on the temperature, 
poly[2(2ethoxyethoxy)ethyl methacrylate] (PEEA). 
At T=4°C no cells or proteins adsorb on the 
surfaces, whereas at 37°C a noticeable adsorption is 
reported. In order to probe the role of water in 
biocompatible to non biocompatible polymers we also 
studied the non biocompatible diblock copolymer 
poly(MEA2hydroxyethylmethacrylate) (PHEMA). Inelastic 
neutron scattering is an ideal tool to determine the 
dynamical properties of water. For liquid water the 
quasielastic response allows for a clear classification in 
terms of diffusivity. For solid water the density-of-states 
distinguishes crystalline from amorphous water and 
allows for a classification of the solid phases as a 
function of density. It is thus possible to give an 
unambiguous picture of the water subsystem even in 
complex hydrated materials.  

All the polymers involved in this study were synthesized 
and characterized with gel permeation chromatography, 
H1NMR. Data of adsorption of cells, proteins, and 
platelets as well as DSC thermographs are already 
available for all the polymers here investigated. 

The experiment was performed on the NEAT 
spectrometer, whose energy resolution (FWHM=60 eV) 
was well suited to our needs. We first measured the 
internal dynamics of PHEMA polymer hydrated in D2O, 
while data on the other two D2O hydrated polymers were 
been already collected in previous experiments at ILL. 
Also, the hydration water was studied by measuring the 
polymers hydrated with H2O. PMEA, PEEA and PHEMA 
had an equilibrium water content (EWC) of 5.5%, 20% 
and 26%, respectively. The samples have been 
investigated at four distinct temperatures: 200K, 263K, 
277K, 310K (corresponding to temperatures before and 
after the exothermic peaks of bulk and freezing bound 
water). A scan at 20K has been also collected in order to 
take account of instrument resolution and to normalize 
the data. The sample container was an aluminium slab, 
of internal thickness of 0.2 mm, oriented at 135° with 
respect to the incident beam. By combining the data 
obtained with deuterated and hydrogenated water we will 
obtain new information on the contribution of the polymer 
and solvent dynamics In Figure 1, the scattered 
intensities of PEEA and PHEMA hydrated with H2O are 
shown at different temperatures. A stronger temperature 
dependence is visible for the PEEA. The analysis of data 
is still in progress given that the experiment has been 
performed from 5 December to 16 December  

 
 

1 M. Tanaka, A. Mochizuki, Journal of Biomedical  
   Materials Research Part A (2003) 64A,4,684 
2 M. Tanaka, A. Mochizuki, N. Ishii, T. Motomura, T.  
   Hatakeyama, Biomacromolecules (2002) 3, 364 
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Microdomain forming lipid mixtures, so called 
“raft-mixtures”, have been in the focus of 
recent research because of their relevance 
e.g. in cell trafficking and signalling. Here, 
multilamellar vesicles, consisting of a mixture 
of dioleylphosphatidylcholin (DOPC), 
deuterated dipalmitoylphosphatidylcholin 
(DPPC-d62) and cholesterol in a ratio of 
45:27:28, have been investigated as a model 
system in the temperature range between 5 
and 48 °C. The solvent was chosen to match 
the average scattering length density of the 
lipids at 20 °C (64.5 % H2O, 35.5 % D2O) in 
order to probe for structural inhomogenities in 
the lipid bilayers.   
A first data analysis exhibits a Bragg-peak at 
about 0.5 nm-1 at low temperatures (see Fig. 
1), corresponding to a distance d of about 13 
nm. A small second order peak can be 
determined around 0.9 nm-1. With increasing 
temperature the former Bragg-peak 
disappears, presumably due to the transition 
from a homogenous phase into the Ld-Lo-
coexistence region. Interestingly, the small 
second order peak prevails even at higher 
temperatures, suggesting persistence of 
residual order at lower length scale.   

  
Fig. 1: SANS intensities of a DOPC:DPPC-d62:cholesterol 
(45:27:28) mixture  at different temperatures T.  
  
The fractal dimensionalitiy D was determined 
by applying a linear fit to the double-logarithmic 
plot of the intensities I versus the momentum 

transfer Q at low values. D changes slightly 
between 5 and 20 °C, achieving a maximum 
value between 9 and 11 °C  

   
Fig. 2: Dimensionality D as function of temperature T, termined  
from  the double logarithmic plot of scattered  ensity  at low Q-
values between 0.04 and 0.1 nm-1.   
  
The data reveals the presence of lateral 
structural inhomogenity in the examined 
temperature range. Long range order 
decreases with increasing temperature, while 
short range order prevails to some extent. 
These findings coincide with the concept of 
microdomain formation under the observed 
experimental conditions, suggesting the 
examined ternary mixture as a suitable model 
system for further studies on microdomain 
formation.  
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08/08/2008 – 10/08/2008

  Date of Report: 07/10/2008 
 
Lipid mixtures, consisting of a lipid with 
high melting point and one with a low 
melting point, exhibit a complex phase 
behaviour in presence of cholesterol. One 
interesting feature is the presence of two 
liquid phases. Since lipids form structures 
like uni-or multilamellar vesicles in excess 
water, one central question addresses the 
spatial distribution of these phases. Especially 
size and location of the liquid phases on a 
unilamellar vesicle are of high interest, 
because these structures play a crucial role in 
biological processes like e.g. the emission of 
neurotransmitters in the synaptic cleft. Since 
vesicular lipid structures exhibit a high 
plasticity in biological systems, the question, 
whether their complex phase behaviour is 
linked with their biologic functional diversity, is 
a central question addressed to lipid science. 
Small, unilamellar vesicles consisting of 
DOPC, DPPC and cholesterol (45:27:28) were 
prepared. This mixture was shown to exhibit 
inhomogenous spatial phase separation in a 
previous experiment (see: CHE-04-1635-EF). 
The solvent was a mixture of water and 
deuterium oxide, selected to match the 
average scattering length density of the 
vesicles. Under these conditions, the 
scattering contrast is zero, if the lipids are in a 
single phase, while it deviates from zero, if the 
lipids become unevenly distributed between 
different phases. Small unilamellar vesicles 
with a diameter of ~ 40 nm were successfully 
prepared, with the extrusion method (see 
Fig. 1).  SANS intensities were determined for 
matched unilamellar vesicles at different 
temperatures (Fig. 2). The intensity, but also 
the shape of the form factor changes with 
increasing temperature, suggesting changes in 
the distribution of lipids, but likewise in the 
spatial arrangement of the phases in the 
unilamellar vesicle. Further analysis will give a 
more detailed picture about the distribution of 
the liquid phases. 
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02/06/2008 – 08/06/2008
08/11/2008 – 16/11/2008

  Date of Report:  
 
Introduction: 
The bent-neck syndrome is a widespread 
problem damaging millions of cut roses. The 
3D water flow image will help to understand 
varies problems related to drought stress of 
plant, such as bent-neck syndrome. Using cold 
neutron radiography and tomography with D2O 
tracer, water flow and structural characteristic 
of three cut roses (Rosa Hybr.) varieties were 
investigated to analyze bent-neck resistances.  
Materials and methods: 
The cultivars 'Akito', 'Milva' and 'Red Giant', 
respectively, have low, middle and high bent-
neck resistances. The non-destructive 
visualization methods cold neutron radio-
graphy (CNR) and tomography (CNCT) were 
used to observe in-situ water transport and 
structure of sample peduncles. D2O and H2O 
tracer were used to visualize water flow. Due 
to the different attenuation coefficients of D2O 
and H2O for cold neutrons, these two liquids 
can be clearly distinguished in the radiography. 
The experiments were performed at HZB's 
neutron tomography instrument CONRAD.  
Results and discussion: 
From observing the D2O level in the stem at 
different times after the exchange, it was 
possible to deduce the vector of water uptake 
and water transport in the roses using the 
optical flow algorithm block matching. Figure 1 
shows vector images of roses of each cultivar 
calculated by block matching. Water uptake of 
Milva was the fastest and that of Akito was the 
second. It was expected that the better water 
conductance system of Milva would improve 
bent-neck resistance. However, water flow of 
the largely bent-neck resistant Red Giant roses 
was the slowest. 
Figure 2 shows vertical and horizontal CNCT 
slices of rose peduncles. Structural differences 
were already observed before drought stress, 
when only the peduncles of Akito and Milva 
were fully filled with water. On the other hand, 
intercellular space of Red Giant peduncle pith 
tissue was largely air filled. This indicated the 

Red Giant peduncle was more mature than 
peduncles of Akito and Milva. Because of late 
the state of maturation, epidermal and xylem 
structures of Red Giant should be stronger 
than those of Akito and Milva. After drought 
stress, Akito and Milva lost more water through 
the surface due to their immature epidermis. 
Red Giant should be more resistant against 
dehydration because of the well developed 
plant structure, e.g. a thick cuticle was 
expected. Because plants of this cultivar could 
effectively retain water, their water uptake was 
lower. Also, the cylindrical structure of the 
peduncle was strong against bending 
pressure. Consequently, neutron radiography 
provides reliable information on the structure 
and the water transport processes in plants. 
 

 
Figure 1: Vector images of water flow in peduncles of 3 
rose varieties. A: Akito,  B: Milva, C: Red Giant 
 

 
Figure 2: Vertical and horizontal CNCT slices of rose 
peduncles before and after drought stress. A: Akito, B: 
Milva, C: Red Giant  The digits, 1 and 2, after capital 
letters indicate images before and after drought stress, 
respectively. 

161



EXPERIMENTAL REPORT Proposal N°  
BIO-04-1533-EF 

Instrument V7 
Neutron tomography of wet teeth 

Local Contact  
Nikolay Kardjilov 

BIO-04-1533-EF  // k.denzer  //  17.02.09  Seite 1 von 1 

 

Principal Proposer: Paul Zaslansky, Max-Planck Institute of 
Colloids and Interfaces, Golm, Potsdam 

Date(s) of Experiment 

Experimental Team: Nikolay Kardjilov - HMI 
  
  

03/12/2007 – 10/12/2007

  Date of Report: January 2009 
 
Experimental Report: Following our proposed plan, 
three whole wet teeth (previously stored in H2O) 
were immersed in-situ in D2O and tomographic 
series were obtained and later reconstructed (figure 
1: typical 3D tooth reconstruction).  

 

 
Fig. 1  
 
We used an attenuation setup (no phase 
enhancements, distance of 25 mm between sample 
and imaging screen) and optimized the imaging 
conditions so as to be able to collect repeated 
measurements within the allocated beam shifts (8 
sec radiography exposures, moderate resolution 
200 µm thick scintillation screen). We attempted to 
follow the differences of scattering within the tooth 
regions as seen following immersion in D2O, and 
found that impressive changes in attenuation arose 
during the course of the experiment. Measurements 
were therefore adapted for continuous image 
acquisition, so as to try and follow the temporal 
changes occurring in the incoherent scattering 
images. Montecarlo simulations (HMI) and 
comparison with the NIST standard attenuation 
cross-section calculator revealed that almost all of 
the attenuation in these particular samples (teeth) is 
due to incoherent scattering on account of neutron 
interactions with the hydrogen within the  
microstructure: Hydrogen is found in water or 
embedded in the protein/mineral. Hence, 
contributions due to the main atomic species 

comprising the tooth tissues (Ca,O,N, C or P) were 
further neglected. Consequently we ended up with 
hydrogen distribution images in teeth, at different 
times following immersion. Due to the high 
sensitivity of the V7 setup, small differences in 
attenuation were seen and followed. This was 
particularly impressive in enamel, known to be 
highly mineralized on the outer side of the tooth 
containing a very low water/protein content (<5%). 
Enamel became transparent quite uniformly, 
attesting to a high permeability to water/D2O. Our 
experiments involved the use of whole and intact 
teeth. Consequently, of great concern for 
interpretation of our results is the rate of diffusion 
and exchange of hydrogen from within the 
microstructure. As seen in slices across the 
reconstructions (reproduced in figure 2), different 
levels of detail may be seen in the dentin at 
different times (near the pulp as compared to the 
outer rime: 1 and 5 hours rep.) 

 
Fig. 2  
 
The fact that both the absolute attenuations as well 
as the relative intensities vary over time raises 
questions as to what exactly we are observing: is 
this due to diffusion? Are we observing structural 
features, or dynamics of hydrogen exchange? 
These findings have highlighted the need to 
proceed with longer immersion measurements, to 
better understand the dynamics of duteration in 
teeth. For this we had proposed new and longer 
series of measurements, that were granted to us as 
part of an extension allocation beamtime: BIO 04-
1587. 
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Background 
The application potential of cold neutron 
radiography was evaluated as measurement 
technique for the determination of pressure 
induced volume changes in food systems.  
 
Materials and Methods 
High pressure experiments were performed at 
room temperature without temperature control 
using a single vessel system connected to a 
pressure generator (Fig. 1).  

 
Figure 1: The schematic diagram of the high 
pressure apparatus. 
 
In various experiments different food samples 
were inserted into the sample container with 
floating piston (Fig. 2). After closing the vessel 
stepwise pressurization (10, 50, 100, 150, 200, 
250, 300, 350, 400 MPa) was performed and 
the pressure dependent piston movement was 
determined when the sample temperature 
reached the chamber temperature of about 25 
°C. Cold neutron radiography (CNR) was 
conducted at V7, HMI. During the experiments, 
CNR images were taken every 15 seconds 
with an exposure time of 10 seconds. 
 

  

Figure 2: Sectional view of the high pressure 
vessel containing the upper plug with three 
thermocouples and a sample container with 
floating piston (left). Image of the piston 
position at 10 MPa (middle) and piston position 
at 400 MPa (right) using de-ionized water as 
reference sample. 
 
Results and Discussion 
Using D2O as pressure transmitting medium, 
different liquid and multi-phase food samples 
(water, olive oil, cream, freeze-dried potato 
sample) was subjected to different pressure 
levels at room temperature. The kinetic of 
volume changes due to specific 
compressibilties was investigated by image 
analyzing procedures (Fig. 2). Liquid-gaseous 
phase changes were clearly indentified at 
room temperature and the behaviour of air 
bubbles under high hydrostatic pressure was 
visualized. Determining the velocity of water 
flow would help to identify the different 
processes and mechanisms leading to an 
increased resistance to rehydration under high 
hydrostatic pressure. Design and construction 
of specific temperature control unit is required 
to detect determine pressure induced liquid-
solid phase changes of water.    
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Both enamel and dentin in teeth contain 
substantial amounts of water (~2 and 12 wt%, 
respectively), some of it 'free'. More than 50% 
of this water may be removed at low 
temperatures below 100 ºC. Presumably water 
easily flows through channels in the tooth 
tissues, specifically through dentin known to 
contain many unidirectional tubules, radiating 
outwards from the pulp. The tubules thus entail 
porosity to the dentin bulk. The subtle 
differences in the distribution of water in the 
tooth is not well understood.. In our 
experiments in the CONRAD imaging setup on 
V7, we aimed on quantification of the hydrogen 
content in the tooth 3D structure, based on the 
experience gained from preliminary 
experiments BIO-04-1410 and specifically BIO-
0401533-EF. For this purpose, we created 
baseline measurements of tooth hydrogen 
content, by creating tomograms of teeth where 
much of the available H

+
 was 

removed/exchanged through long (14 day) 
immersions in D2O and repeated exchanges 
of the immersion liquid every 48-72 hours. In 
this manner, the teeth were effectively kept 
wet, so as to prevent any structural damage. 
Our aim was to quantify the density of H

+
 per 

nm
3
. We achieved this by normalization with 

the attenuation obtained from tomograms of 
pure water (imaged at different calibration 
distances and tested for minimization of 
scattering effects while maximizing object 
detail). To this end, and using standard 
reconstruction methods (Octopus V 8 suite, 
Ghent university) we were able to derive an 
effective attenuation value of 5.12 cm

-1
 for tap 

water. With an approximate density of 1 gr/cc
3
, 

water has 66 H
+
 per nm

3 
. This was used as 

calibration (partially accounting for scattering 
effects that change the overall intensity of the 
radiographs of teeth) and high sensitivity maps 
of the density of H

+
 per nm

3
 were produced. 

(Figure 1 left: H
+
 density map in a vertical slice 

through a reconstruction of a tooth, following 
immersion in D2O; right: similar H

+
 density 

map following tap water immersion: color 
coding and bar  indicate density of H

+ 

throughout the 3D structure).  

 
Fig. 1 left: D2O tooth, right: Water tooth: red 
zone the water-filled pulp, that contains an 
air bubble seen on the lower part of the 
cavity.  

Our data suggest that: a) Much water can be 
removed from enamel (outer top layer) and 
dentin (lower bulk of tooth) by H

+
 exchange in 

whole teeth. b) The low amounts of H
+
 in 

enamel in wet teeth, seen when compared to 
dentin or pure water, are very significant 
relative to those seen in the D2O exchanged 
tooth. Enamel is very permeable, and does not 
prevent water flow from reaching dentin.. c) A 
clear line demarcates the junction between 
enamel and dentin: Much H

+
 remains here 

following D2O exchange, although most of the 
H

+
 is removed. d) Significant gradients in the 

H
+
 content in dentin become visible. Such 

gradients do not exist in the wet state. Near 
enamel higher H

+ 
levels are seen, representing 

areas where exchange is restricted, possibly 
due to higher protein content. Overall, between 
20 and 32 % of the hydrogen signal may be 
removed, thus: much water flows through bulk 
dentin. 
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 Peter Walter, BENSC 
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13/03/2008 – 20/03/2008

  Date of Report: 26/01/2008 
 
Aim 
 
The bacterial toxin α-hemolysin is a 
heptomeric membrane penetrating pore.  The 
toxin is secreted as a monomer by bacteria 
(molecular weight of 33 kDa), and it self-
assembles into a heptameric complex (~234 
kDa) within the RBC membrane, creating a 
pore ~10 nm long, with a diameter ranging 
from 1.4-4.6 nm (Figure 1). The pore allows 
free passage of small solutes allowing a 
redistribution of cations, low molecular weight 
solutes, and intracellular proteins, and it results 
in osmotic stress and ultimately haemolysis.  
Our work here aims to understand how the 
protein allows the leakage of haemoglobin 
from the red blood cell which a globular protein 
6.4 nm in diameter.  Kinetic measurements of 
hemolysis with VSANS will give an insight into 
this problem. 

 
Fig 1 Dimensions and membrane orientation of the 
heptameric a-hemolysin pore 
 
We have demonstrated the time resolved 
capacity of the linear detector of the V12a 
instrument to study the shape changes and 
lysis of actively metabolising red blood cells 
depleting their energy source, glucose. We 
have also shown it is possible to use V12a to 
study the kinetics of haemolysis of red blood 
cells by the pore forming bacterial toxin α-
haemolysin since the leakage of protein from 

the cytoplasm to the extra-cellular solution 
leads to a loss of neutron scattering contrast. 
Previous beam time allowed us to optimise the 
experiment. Here we proposed to complete 
these measurements. 
 
Results 
 
Kinetic VSANS measurements were made on 
the newly installed area detector of V12a on 
suspensions of red blood cells in 154 mM 
saline in D2O.  The sensitivity of this system 
allowed us to gather scattering curves with 
good statistics in 20 minutes. By contrast to 
previous experiments where a cell volume 
fraction of 60% was used, measurements were 
made at 70% and the problems of cell 
sedimentation were avoided.   
 
The integral scattered intensity is used as a 
qualitative measurement of cell lysis.  Contrast 
is due to haemoglobin concentration difference 
between the cell cytoplasm and the 
extracellular solution.  In this way we can 
produce the familiar lysis curves which can be 
found by other methods in dilute suspensions 
but in concentrated cell suspensions which 
better approximate conditions in the blood 
stream, ~50% cell volume fraction. We have 
produced lysis curves for a range of α-
haemolysin concentrations. We find that for the 
lower concentrations of α-haemolysin that total 
lysis does not occur. 
 
Conclusions 
 

1. The kinetics of red blood cell lysis by the 
bacterial toxin α-haemolysin in 
concentrated suspensions may be 
followed using very small angle neutron 
scattering. 

2. There is no exchange of α-haemolysin 
heptamers between red blood cells. 
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Thomas Hauß 
 

Principal Proposer: Beate Klösgen, Inst. F. Physics and Chemistry & 
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Experimental Team: Nina Viola Reichhardt, Physical Chemistry 1, Lund 
University, Lund 

 
Anna Carnerup, Physical Chemistry 1, Lund 
University, Lund 
Thomas Hauß, Hahn-Meitner-Institute, Berlin 

23/05/2008 – 28/05/2008

  Date of Report: 02/10/2008 
 
The experiment done is embedded in a project 
on the control of diffusion by means of reversibly 
expanding polymers with a lower critical solution 
temperature (LCST) grafted onto the inner 
surface of pores in channels of mesoporous 
silica. The silica material used was two-
dimensional hexagonal SBA-15 (pore size: 
6 nm). Poly-N-isopropylacrylamide (PNIPAAM) 
was grafted by Atomic Transfer Radical 
Polymerization. 
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Aim of the neutron diffraction experiments was to 
acquire data on the polymer decoration structure 
in the mesoporous silica systems and to follow 
the conformational change of the polymer around 
the LCST. 

The first experiments carried out yielded the 
matching point of the silica material by using 
D2O:H2O mixtures varying the molar ratios. The 
silica matching point was determined to be 
around 77.39% (by weight) D2O in H2O. The 
diffraction pattern of the silica at this condition 
still produced a small peak at q=0.07 A-1 
indicating that this D2O:H2O mixture is not the 
exact matching point of the material. It was still 
decided to use it for the further experiments. 

The next step was the measurement of the silica 
material with grafted PNIPAAM. 
The experiments were done at different 
temperatures, 25 °C, 35 °C and 45 °C.  
Figure 1 shows the preliminary results, all 
measured at the obtained silica matching point, 
for silica, silica with polymerization anchor and 
silica with grafted PNIPAAM polymer at different 
temperatures. 
 The first data comparison showed an intensity 
difference between the pure silica sample at 
matching point and the silica with grafted 
PNIPAAM sample. This was taken as a 
confirmation that the PNIPAAM was successfully 
grafted and structurally follows the silica matrix 
which is hexagonally arranged. Furthermore it 
was observed that the temperature increase led 
to a decrease of intensity. This was taken as an 

indication of the temperature induced change of 
polymer conformation. 
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Fig. 1: Small angle diffraction data obtained on the different states 
of the silica system at silica matching point condition. Details see 
insert. 
Earlier results (Jianming Zhang, Soft Matter, 4 
(2008), 500-509) yielded a different matching 
point than the one determined during these 
experiments. Moreover, the scattering intensity at 
our experimentally determined matching point 
was too high. 
A closer look exhibited the experimentally 
determined matching point was not correct, as a 
result of the sample preparation. In the 
experiment, silica was measured first in 100 % 
D20. Thereafter portions of D20 were removed 
subsequently from the sample and filled up with 
H20, mixed as much as could be done, and then 
measured. This process led to a different 
matching point mixture than expected. 
Apparently the exchange of D2O and H2O is very 
slow. With D2O as a start solvent, some of the 
surface attached hydroxyl groups of the silica get 
deuterated. This gives rise to an increased 
D2O:H2O ratio inside the pores as compared to 
the outside solvent composition. 
The exchange of D2O against H2O is currently 
under investigation in further experiments, e.g. 
NMR experiments and TOF-TOF. 
 
This research project has been supported by the European 
Commission under the 6th Framework Programme through the 
Key Action: Strengthening the European Research 
Infrastructures.    
Contract n°: RII3-CT-2003-505925 (NMI 3). 
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07/07/2008 – 13/07/2008

  Date of Report: 08/01/2009 
 
Precipitates of mixed anionic fluorocarbon and 
nonionic or cationic hydrocarbon surfactants 
were investigated with neutron diffraction on 
the V1 instrument at the Helmholtz-Zentrum. 
Our special interest was in the co-
crystallisation of hydrocarbon and 
perflourinated chains. 

In our experiment we varied the chain length of 
the perfluorinated surfactant and the head 
group of the surfactants. Due to the high 
scattering contrast between hydrocarbon and 
fluorocarbon chains neutron diffraction should 
provide a lot of structure information. 

All samples were prepared from mixtures of 
stock solutions of the surfactants. The 
precipitates were either examined without 
freeze drying (marked with ”) or freeze dried 
(samples marked with *) and some of the dry 
samples were wetted with D2O or a mixture of 
H2O and D2O (3,34:6,66). 

The freeze-dried samples and the non-freeze-
dried samples show completely different 
diffraction patterns. The freeze-dried samples 
show some singular sharp peaks in a q-range 
that may correspond to a length scale of the 
surfactant chain length and a triplett or quartett 
in a length scale of the distance of two head 
groups. These information indicate, that the 
crystals may have a layer-by-layer structure. 

The diffraction patterns of the non-freeze-dried 
samples show only a broad peak or several 
broad peaks at low q. That means that the 
structures must be much larger than in the 
freeze-dried samples and may be the swollen 
form of the layer-by-layer crystalls. 
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Fig.1: SANS pattern of the 95 percent filled 
MCM-41 pore matrix at different temperatures. 

Fig.2: Integrated (10) Bragg peak intensities of 
MCM-41 for cooling and heating processes. 

 

Principal Proposer: O. Paris – MPI Golm (Abt. Biomaterialien) Date(s) of Experiment 
Experimental Team: M. Erko - MPI Golm (Abt. Biomaterialien) 
 D. Wallacher – HZB (BENSC) 
 T. Hauss – HZB (BENSC) 

03.11.2008 - 07.11.2008 

  Date of Report: 13.01.2009 
 
The structure and dynamics of supercooled liquid water and 
of amorphous ice is a very active area of current research [1, 
2]. In particular, there is recent theoretical [3] and 
experimental [4, 5] evidence for the existence of a liquid-
liquid phase transition separating two water modifications of 
low density (LDL) and high density (HDL) liquid. Even 
though the coexistence line does not extend to ambient 
pressure, there should be a discontinuous change of 
thermodynamic parameters when crossing the extension of 
the coexistence line into the one-phase region (the so called 
“Widom line”) [3]. Unfortunately, for bulk water the 
corresponding temperature region is not accessible 
experimentally due to the fact that water can not be 
supercooled into the relevant region due to homogeneous 
nucleation of ice. However, when confining water within 
narrow pores, the supercooling region is considerably 
extended and liquid water may be observed down to at least 
150 K [5,6]. 
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Using the DEGAS system at the BENSC instrument V1 we 
have carefully filled the pores of an MCM-41 specimen via 
the vapour phase with a 0.6 D2O / 0.4 H2O mixture to match 
the silica matrix at room temperature. This has the 
advantage that the Bragg peaks from the pore lattice of 
MCM-41 at room temperature could be strongly reduced. 
The filling factor f was 0.95 to avoid ice nucleation outside 
the pores. The pore diameter of the specimen was 2.58 nm 
(NLDFT method), and it was shown recently that water 
does not freeze in this sample [6]. The change of the SANS 
intensity was measured while lowering the temperature from 
room temperature down to 150 K, providing information 
about mesostructural and/or density change of the confined 
water-mixture. The region at large scattering angles (14.7 
nm-1 – 19.6 nm-1) was also measured for each temperature 

step to obtain changes of the molecular water ordering, and 
in particular to monitor possible freezing of water at a given 
temperature. 
The experimental SANS profiles show a weak peak at q ≈ 
0.2 nm-1 which corresponds to the 95 percent matched (10) 
Bragg peak of the hexagonal ordered pores in the MCM-41 
silica matrix. The data show clear changes in the SANS 
signal as a function of temperature (Fig. 1). We observe a 
minimum in the integrated (10) peak intensity around 180 K 
for the heating branch (Fig. 2), in accordance with the work 
of Liu et al. [5] who attributed this minimum to a water 
density minimum. The behaviour of the SANS signal during 
the cooling process is different, the intensity jumping 
between two levels for the different temperature steps (Fig. 
2). This is not a measuring artifact, as neither the intensity 
of the primary beam, nor the intensity at large scattering 
angles shows such a behaviour. This surprising result needs 
to be reproduced with better statistics, in particular also with 
respect to subtle changes of the corresponding wide-angle 
signal at the same temperatures. 
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[1] O. Mishima, H. E. Stanley, Nature 396 (1998) 329-335. 
[2] P. G. Debenedetti, H. E. Stanley, Physics Today 56 
(2003) 40-46. 
[3] L. M. Xu, P. Kumar, S. V. Buldyrev, S. H. Chen, P. H. 
Poole, F. Sciortino, H. E. Stanley, PNAS 102 (2005) 16558. 
[4] S. H. Chen, F. Mallamace, C. Y. Mou, M. Broccio, C. 
Corsaro, A. Faraone, L. Liu, PNAS 103 (2006) 12974. 
[5] D. Z. Liu, Y. Zhang, C. C. Chen, C. Y. Mou, P. H. 
Poole, S. H. Chen, PNAS 104 (2007) 9570-9574. 
[6] S. Jähnert, F. Vaca Chavez, G.E. Schaumann, A. 
Schreiber, M. Schönhoff, G.F. Findenegg, Phys. Chem. 
Chem. Phys. 10 (2008) 6039-6051. 
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19/05/2008 – 26/05/2008

  Date of Report: 15/12/2008 
 
NEAT was used to carry out an experiment 
concerning the study of the dynamics in 
physical hydrogels based on hyaluronic acid 
(HYA).    
 
This anionic polysaccharide is often used, for 
the rather unique viscoelastic properties, as 
substitute of synovial fluids in osteoarticular 
pathologies. A modification of the backbone 
with a C16 alkyl chain, one every 100 
saccharide residues, is sufficient to change 
dramatically the properties of the 
polysaccharide and to obtain a gel at very low 
polymer concentrations. The result of this 
modification is an injectable physical hydrogel 
stable at very low polymer concentration. In 
this experiment we have measured the 
hydrogels based on the derivatised form of 
hyaluronate, HYADD4TM, having 2 - 3 % of the 
amide groups grafted with a hexadecylic amide 
moiety and, as comparison, the unmodified 
polymer at the same concentrations.   
 
We investigated both HYA aqueous solutions 
and HYADD4TM gels in H2O as a function of 
hydration: 1, 5 and 10% (w/w) at 285, 300 and 
320 K.  
 
In the framework of the jump-diffusion model, 
the analysis of the HWHM of HYADD4TM 
hydrogels and HYA aqueous solutions as a 
function of the scattering vector, shows that in 
both systems and for all investigated 
concentrations, the dynamics of hydration of 
water appears in a limited decrease of H2O 
diffusion coefficient of water, D, and in an 
increase of the residence time with respect 
to the corresponding parameters of bulk water.  
As expected this differences, although small, 
increase with the polysaccharide 
concentration.  
This effect appears at all the three 
temperatures probed (Figure 1).  

It is interesting to note that the two systems, 
HYA and HYADD4TM, dramatically different on 
a macroscopic length scale, do not show any 
difference on the molecular scale probed by 
QENS.   
 
In a future QENS experiment we will focus on 
the same systems in the presence of D2O. 
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Room-temperature ionic liquids (ILs) are defined as 
salts composed solely of ions with melting points 
below 100ºC. A great interest in this class of 
materials has emerged during the last decade due to 
the interesting properties that they exhibit. In 
particular their use as “green” solvents replacing 
standard contaminant solvents constitutes a very 
active subject of research in the chemical industry. 
Another interesting property of ILs is its large 
tunability. This feature is derived from the 
possibility of combining different cations (often 
based on imidazolium, pyridinium, pyrrolidinium, 
ammonium or phosphonium derivatives) with a 
huge variety of anions (halides, nitrates, 
phosphates, etc.).  As the diffusivity of cations and 
anions in ionic liquids are strongly coupled it is of 
high relevance to determine how the size and the 
symmetry of the cation and/or the anion affects the 
dynamics of a given ionic liquid. In order to 
determine the influence of the cation and the anion 
in the dynamics of ionic liquids we measured in 
NEAT four different ionic liquids based in the 
imidazolium cation: ethyl-methyl-imidazolium 
bromide (EMImBr), butyl-methyl-imidazolium 
bromide (BMImBr), EMIm-dimethylphosphate, 
and EMIm-dibutylphosphate. All of them were 
measured at at least four different temperatures 
between 300 and 400 K. An example of the data 
obtained for EMImBr at 412 K is given in Fig. 1, 
while the clear slowing down induced by the 
increase on the size of the cation when passing 
from EMIm to BMIm bromide is shown in Fig. 2 
(note that at 300 K both of them are solid). 
However it seems that increasing the anion size has 
the opposite effect. A possible reason for this is that 
the ionic order becomes less pronounced. Structural 
work and MD simulations are being carried in order 
to check this. The preliminary analysis of the data 
indicates a complex dynamics and the existence of 
at least two kind of motions visible on the dynamic 
window of NEAT. We are currently working on the 
data fitting in combination with the MD simulations 
in order to try to obtain a coherent picture of the 
dynamics of those liquids. 
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Fig. 1: Q-dependence of EMIMBr spectra    
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Fig. 2: Comparison of spectra for EMImBr and 
BMImBr at different temperatures. 
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Polymer electrolyte membranes (PEMs) are key 
elements in polymer electrolyte fuel cells that allow 
for proton transport from the anode to the cathode. 
PEMs chemically similar to the commercial Nafion® 
have been developed using plasma techniques, 
allowing control of morphology and chemical 
composition.

[1] 
Other advantages of this method 

include: a micrometric thickness allowing an easy 
miniaturization and strong electrode adhesion, 
highly cross-linked structure resulting in good 
chemical and thermal stability, and low permeability 
to organic liquids.

[1] 
 

In Nafion®, the state of water is correlated with 
the features of the confining polymeric environment. 
Consequently, water dynamics correlate with the 
onset and amplitude of proton conduction. QENS is 
an invaluable tool to the study the dynamics of 
confined water in Nafion®. Previous QENS studies 
of Nafion® show that the average dynamics of 
protons belonging to water molecules is revealed, 
even if contributions from protons that are part of 
the complex ionic species present in the liquid 
phase remain.

[2] 
 

QENS data from NEAT were collected for water 
saturated Nafion® 115 (~127 m) and plasma (~150 
m) membranes at 300, 318, 328, and 338 K. Data 
were collected using 5.1 Å neutrons, giving an 
energy resolution of 128 Ev for the Q-range 0.48–
1.92 Å

-1
. Subtraction of data for D2O saturated 

membranes resulted in data from the water being 
conducted. Data revealed coherent scattering in the 
region 0.9-1.4 A

-1 
, attributed to microcrystallites, 

noted previously
[2-4] 

to arise from lateral packing of 
the perfluroethylene chains. Evidence of these 
crystallites was also found for the plasmaproduced 
PEM.  

 
S(Q,ω) were modelled using a Lorentzian 

convoluted with the resolution curve. In this case, 
the half-width at half-maximum of the Lorentzian for 
both the Nafion® and plasma data followed a DQ

2 

law.  

 
At 300 K, a D value of 2.2 x 10

-5
cm

2
s

-1 
is found 

for both membranes, slightly lower than for bulk 
water, 2.5 x 10

-5
cm

2
s

-1
, in agreement with the 

literature value for fully-saturated Nafion® at 300 K. 
This result indicates that the water diffusivity is the 
same in the plasma-polymerized as that in the 
traditional wet chemistry produced Nafion® PEM. 

Traditionally, Nafion® membranes are boiled for 1 
hr in 3 % H2O2 and then in 0.5 M H2SO4 (to 
remove organic and ionic impurities) before being 
boiled in deionised water. QENS data collected 
here for both for both treated and untreated 
Nafion® 115 revealed that water in treated Nafion 
is marginally more mobile  
 
1. S. Roualdes, I. Topala et al, J. Power 
 Sources 2006, 158, 1270-1281.  
2. A. Paciaroni, M. Casciola, et al J. Phys. 
 Chem. B 2006, 110, 13769-13776  
3. F. Volino, M. Pineri, et al J Polym. Sci. 
 Polym. Phys. Ed. 1982, 20, 481-496.  
4. A. Pivovar, B. S. Pivovar, J. Phys. 
 Chem. B 2005, 109, 785-793  
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We have biosynthesised both short and 
medium chain length PHAs in their deuterated 
form (D-PHB and D-PHO) at the National 
Deuteration Facility (ANSTO, Australia), and 
these materials have been analysed by SANS 
in conjunction with the hydrogenated form.  
 
Poly(3-hydroxybutyrate) (PHB) was produced 
from the bacterium C. necator in hydrogenated 
and deuterated form. Polymer was extracted 
from cell biomass and purified prior to casting 
as films. The various polymers were prepared 
in a range of dilute concentrations in 
chloroform prior to SANS analysis. The SANS 
data were fitted to the form factors for flexible 
or semiflexible chains using the Igor-based 
SANS model of NIST (National Institute of 
Standards and Technology, US). 
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Figure 1 show the SANS data of D-PHB in 
chloroform as a function of polymer 
concentration.  The molecular weight (Mw) and 
second virial coefficient (A2) were determined 
from the concentration (C) dependence of I(0) 
by Zimm plots. The obtained Mw and A2 for 
PHB and D-PHB are summarized in Table 1. 
The large persistent length obtained for PHB 
and D-PHB reflects high degree of local rigidity 
of the chains which contrasts with some 
reports in the literature showing the very 

flexible conformation of PHB chains in solution. 
The smaller contour length for PHB suggests 
chains might form a folded helical 
conformation with persistent length of 30 Å. 
 

Sample Mw   
g/mol
× 103

A2 
mol g-
2 cm3 

Persistence 
length  
(Å) 

Radius 
(Å) 

Contour 
Length 
(Å) 

PHB 38 0.0015 30 4.65 287 

D-PHB 19 0.0016 35 4.64 689 

Table 1. Characteristics of PHB and d-PHB 
analysed by SANS. 
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Figure 2. Comparison of the experimental data 
(after incoherent background subtraction) for 
D-PHB in chloroform, with the fits by the form 
factors for randomly coiled flexible chains 
(Debye equation) and semiflexible chains 
(Pederson and Schurtenberger). The PHB or 
D-PHB chains in dilute solutions studied in this 
paper had a fractal dimension close to -1 
indicating that the shape of D-PHB is close to 
rod-like particles. 
Well defined molecular weight samples will be 
produced for more accurate modelling using 
SANS data.  
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In general, the field of physisorption suffers from 
the lack of suitable independent techniques to 
verify theoretical models, which themselves are the 
basis for the determination of structural parameters. 
In our previous works at HZB successful results in 
this direction were obtained performing in-situ 
small-angle neutron scattering (SANS) study in 
mesoporous silica during C5F12 adsorption at 280 K 
taking advantage of contrast matching between 
liquid C5F12 and the SiO2 itself. Despite the 
interesting outcomes by the vapour condensation in 
the mesopores, in-situ-SANS technique can be also 
successfully applied in the understanding of the 
pore emptying mechanism of porous solids. 
The material used in this study was a hierarchical 
mesoporous silica (PIB-IL) containing spherical 
mesopores of 18 nm connected through smaller 
mesopores (3 nm). Furthermore, this material 
possesses a few additional, non-defined micropores 
of < 1.5 nm in size. Preliminary experiments on this 
sample already indicated that the small mesopores 
are situated between the larger ones, proving almost 
ideal pore hierarchy. 
Until now two main theories are used in the 
explanation of the draining mechanism: cavitation 
and pore blocking. However, cavitation was only 
predicted, but had not been experimentally proven 
yet. The pore blocking effect (see Fig 1a) is 
expected to occur if the pore has access to the 
external surface only through a narrower neck, as in 
the ink-bottle pore. The wide body of the ink-bottle 
pore remains filled during desorption until the 
narrow neck empties first at a lower vapour 
pressure. The vapour pressure, at which a pore 
body empties, depends upon the size of the necks, 
the connectivity of the network, and the state of the 
neighbouring pores. By contrast, recent studies 
suggested that, if the neck diameter is smaller than 
a certain critical size (~ 5 nm) at a given 
experimental temperature, desorption from the pore 
body occurs via cavitation (spontaneous nucleation 
of a bubble). In this case the pore body can empty 
by diffusion, while the pore neck remains filled.  
The use of the in-situ-SANS technique offered the 
unique chance to check the emptying mechanism.  
 

The C5F12 desorption at 280K of PIB-IL silica was 
followed by SANS and is presented in Fig 1b. 
a)   

 
b) 

 
Fig 1: a) Scheme of pore emptying mechanism; b) SANS 
patterns during the C5F12 desorption branch in PIB-IL 
silica. 
As can be seen the progressive appearance of the 
Bragg peak maximum at q = 0.4 nm-1 reveals the 
emptying of the 18 nm cavities with the small 
mesopores still being filled. At smaller relative 
pressure values (p/p° < 0.4) the enhancement of the 
scattering intensity at q > 1.5 nm-1 evidences the 
subsequent draining of the IL mesopores and 
micropores. This finding is a direct proof of the 
cavitation pore emptying mechanism. 
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Stabilization of the tertiary structure as well as 
interactions between biopolymers in vivo 
strongly depends on the hydration and the 
surrounding ions. The protein-ion interaction 
and the counterion distribution as well as the 
hydration shell are important for tuning protein 
interactions in general, and thus their detailed 
understanding is essential for a variety of 
aspects in biological systems [1,2]. Recent 
developments have demonstrated that precise 
measurements using SANS with contrast 
variation, combined with (A)SAXS, provide one 
(and probably the only) way to address these 
issues. 

 

In this beamtime, we have performed 
SANS measurements on the hydration of 
protein in salt solution, which has shown that 
detailed and complimentary structural 
information can be obtained even with relative 
low protein concentrations. In Fig.1, we show 
the preliminary scattering profiles of BSA 
solutions with three salts. In the Hofmeister 
series, NaCl is a neutral salt, the anion of 
NaSCN has a strong salting-in effect, while 
Na2SO4 has a strong salting-out effect. In 
Fig.2, the SANS results for multivalent ion-bind 
BSA in both D2O and H2O were presented. 
The sample in H2O was measured only for 2 
SD values (1m and 4m).  Further data analysis 
of the salt nature effect on protein hydration by 
fitting the high quality data with CRYSON will 
be carried out imminently. Together with 
ASAXS measurements on the same solution, 
the structure of bind-ion shell around proteins 
can be evaluated. 
 
[1] A. Stradner, et al. Nature 2004, 432, 492. 
[2] D. I. Sevrgun et al. PNAS 1998, 95, 2267. 
 
 

 

Fig. 1 Example of SANS data from BSA 
solutions with different salts. The whole Q-
range data were merged from 3 sample-to-
detector distance measurements.  

 
Fig. 2 SANS results of charge-inversed BSA 
in solution due to binding of trivalent cation 
(yttrium) in D2O and H2O, respectively. 
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In recent years nano-technologies have been used in 
pharmaceutical sciences to amend undesirable 
properties of several active compounds; in this 
context, nanoparticles composed of lipid material 
have been proposed as drug carriers. Several 
polysaccharides have been investigated for the 
stabilization of lipid membranes. Among them 
chitosan, a cationic polysaccharide has emerged 
because of its favourable biochemical characteristics, 
including low toxicity and high biocompatibility. In 
previous SANS experiments performed on D11 at the 
ILL we investigated the morphological and structural 
features of multilamellar nanoparticles obtained by 
direct injection of a soybean lecithin alcoholic 
solution into a chitosan/water solution [1]. The 
nanoparticle supramolecular self-organization turns 
out to be contemporarily driven by the aggregative 
behaviour of the lipid component and by the 
electrostatic interaction between the negatively 
charged fraction of the lipid material and the 
positively charged polysaccharide. This 
characterization, as a function of chitosan content in 
the initial chitosan/water preparation solution, is 
important in order to optimize the loading efficiency 
and to tune the drug release kinetics. In order to get 
more detailed structural information on these complex 
multi-component nanoparticles, in the present 
experiment we have replaced lecithin (a natural mix 
of phospholipids) with a controlled binary lipid 
mixture (98% POPC - 2% DMPS) using also 
perdeuterated POPC. Preliminary characterization of 
free-chitosan vesicles and of nanoparticles based on 
the new mixture were carried out by dynamic light 
scattering and surface charge (Z-potential) 
measurements. The SANS data collected at V4 were 
analysed in terms of a three-strip model [2]. In figure 
1 we report the SANS curves for POPC/DMPS 
vesicles prepared with hydrogenated and 
perdeuterated lipids; the continuous lines show the 
result of a simultaneous fit of all the curves displayed. 
We can conclude that the particles are predominantly 
unilamellar; their structure, in particular the thickness 
of the lipid bilayers is very close to that previously 
measured in lecithin vesicles. Lecithin- and 
POPC/DMPS- vesicles have similar average size, but 

the latter show a larger polidispersity of the core 
radius size distribution. Preliminary analyses with a 
modified three-strip model indicate that the addition 
of chitosan leads to the formation of lipid-saccharide 
complexes with a multi-lamellar structure: The SANS 
profiles are characterized by a well defined peak at Q 
~ 0.1 Å-1 corresponding to a periodicity of about 60 
Å. A detailed structural description of these 
complexes requires additional information on the 
bilayer structure that can be obtained from SAXS data 
(higher resolution and smaller length-scale probed). 
The SAXS data have been already obtained on ID02 
(E.S.R.F. – Grenoble) and their analysis is under way. 
[1]  Y. Gerelli et al., Langmuir, 24 (2008) 11378-

11384. 
[2]  N. Kucerka et al., PRE, 69 (2004) 051903(9) 

 
 

Figure 1 SANS profiles for POPC/DMPS (blue) and 
D-POPC/DMPS (red) vesicles in D2O. The lower 
light blue curve refers to hydrogenous POPC/DMPS 
in a buffer with a D2O/H2O mixture that matches the 
hydrophobic alkyl chains. 
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Mixtures of perfluorinated anionic surfactants 
and the hydrocarbon TDMAO were 
investigated with Small Angle Neutron 
Scattering to determine the phase behaviour 
and to characterize the size and shape of the 
aggregates. 
Due to the attractive interactions between the 
anionic and the nonionic head groups and to 
the repulsive interactions between the 
perfluorinated chain and the hydrocarbon 
chain variation in the molar fraction of the 
perfluoro surfactants results in changes of the 
packing parameter. Protonation of the TDMAO 
head group results in increased attractive 
interaction and therefore smaller packing 
parameter. 
All samples were prepared by mixing 50mM 
surfactant stock solutions so that the total 
surfactant concentration is 50mM. 
In mixtures of C5F11CO2Li and TDMAO 
ellipsoidal and wormlike micelles are formed. 
Increasing the molar ratio of C5F11CO2Li leads 
to ellongation of the micelles and transition to 
wormlike micells due to the bulky 
perfluorinated chain. 
Increasing the perfluorinated chain length 
results in formation of large polydispers 
vesicles in the C6F13CO2Li-TDMAO phase 
diagram for x(C6F13CO2Li)S0,6 and a two-
phase region consisting of vesicles and 
ellipsoidal micelles for 0,6 > x(C6F13CO2Li) > 
0,4. Protonation of the TDMAO decreases the 
packing parameter and induces the formation 
of a single vesicle phase with decreasing 
vesicle radius with increasing HCl-
concentration. 
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Part of the beam time allocated to Soft Matter 
within the collaboration TUB – BENSC was 
devoted to the study of commercial-grade based 
microemulsions. 

The aim of this experiment was to study the phase 
transition in the ternary system surfactant-oil-water 
from microemulsion to a vesicle phase. As 
surfactant the skin-tolerant semipolar compound 
tetradecyldimethyl amine oxide (TDMAO) was 
employed. Valerian acid methyl ester (VME) 
served as the apolar (oil) component. 

 
Figure 1 
 
From the ternary phase diagram the appropriate 
ester concentration for detecting the phase 
transition was choosen at 325 mM VME. Due to 
the lower solubility of VME in D2O, which had to 
be used for the SANS-measurement, the sample 
contained 200 mM TDMAO and 273 mM VME. It 
was homogenized by vortexing and equilibrated at 
the required temperature for at least 20 min before 
the experiment. From former experiments the phase 
transition could clearly be seen because of 
increasing viscosity and turbidity of the sample (see 
table 1). Therefore 20, 25 and 43°C where chosen 
as experimental temperatures. 
 
Table 1 

 20 °C 25 °C 43 °C 
273 mM 
VME in 

D2O 

isotropic, 
clear  

elongated 
micelles 

isotropic, 
clear  

elongated 
micelles 

turbid, 
viscous  
unilamellar 

vesicles 

The SANS curves are showed on Fig. 2. At 20 and 
25°C slightly elongated aggregates are seen, with 
relatively monodisperse radius (for a 
microemulsion). Increasing the temperature a 
pronounced peak at 31 nm appears, implying 
vesicles with low polydispersity.  
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Figure 2 
 
Fits indicated the presence of unilamellar vesicles, 
but some features of the spectra could not yet be 
perfectly reproduced. 

Similar experiments were performed with other oils 
of commercial interest and demonstrated similar 
trends with differences related to their polarity, and 
more interestingly differences in the 
repulsions/attractions balance (fitted with a Baxter 
model). The origin of these differences are under 
study. 
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Aqueous microgels made of N-
isopropylacrylamide (NIPAM) undergo a 
temperature-induced volume phase transition 
at Tc ≈ 33°C. Below this temperature water is 
considered to be a good solvent for poly-
NIPAM and the particles are in a swollen state, 
while the solvent quality decreases rapidly 
reaching the phase transition temperature and 
the microgel collapses. The degree of swelling 
is strongly related to the number of crosslinks 
within the polymer network. 

 
 

Figure 1: Sketch of microgel particles having a low 
(left) and a high (right) crosslinker density. 

 

In figure 1 networks with two different 
crosslinker densities are illustrated.  
Within the reported small angle neutron 
scattering (SANS) experiment we focussed on 
poly-NIPAM microgels with three different 
crosslinker densities, which are 2%, 5% and 
15% of the crosslinker molecule N,N’-
methylenebisacrylamide (BIS). 
 
The overall size of these spherical particles 
has been studied previously using dynamic 
light scattering, which is a well-suited 
technique to investigate their hydrodynamic 
dimensions as a function of temperature. 
Nevertheless, due to the rather small q-range 
available in a light scattering experiment the 
internal morpholgy is not accessible by this 
method. Hence, SANS is needed if the 
structure of the polymer network has to be 
studied. The SANS data for microgel particles 
can be described by a sum of a Porod decay 
and a Ornstein-Zernicke (OZ) contribution: 
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The magnitude ξ is a measure for the network  
fluctuations and a scaling-law behavior is 
expected: 
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Figure 2 represents SANS curves measured 
within this experiment. Shown are profiles at 
different temperatures representing different 
states of swelling for the three microgels 
having different crosslinker densities. 
 

   
 

Figure 2: SANS curves for poly-NIPAM microgels at 
25°C (swollen state), 40°C (collapsed state) and 
close to the temperature of the volume phase 
transition, at 33°C. The crosslinker density 
increases from left to right (2%, 5% and 15%). 
 

During our experiment we measured SANS 
spectra at 17 different temperatures for each of 
the three samples. The special-build sample 
holder is shown in figure 3.  
 

 
 

Figure 3: Sample holder consisting of a solid 
copper block with a Peltier element and PT 100 
temperature sensors. 
 

In the future we would like to continue with 
SANS experiments on the V4 instrument, since 
the available q-range as well as the conditions 
regarding sample environment are well-suited 
for our experiments on the internal structure of 
microgels. 
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An effective strategy to co-solubilise a 
hydrophilic compound like water and 
hydrophobic compound like oil is the addition 
of amphiphilic molecules.  The addition of co-
surfactants like alcohols permits to create 
microemulsions (μE) that are clear, isotropical 
and thermodynamically stable dispersions of 
water and oil separated by the surfactant/co-
surfactant film. Special cases are bicontinuous 
µE which are in equilibrium with both water 
and oil excess phases (so-called Winsor III). 
For our purpose this equilibrated state is a 
powerful analytical tool to study partitioning of 
ions between excess aqueous phase and the 
µE.  Therefore the structural characterisation 
of these microemulsions at various 
compositions is indispensable and was the aim 
of our SANS experiment. At first we focus on 
aqueous salt solutions in contact with 
dodecane and a non-ionic surfactant, n-β-
octylglucoside (C8G1). Classically the addition 
of a short chain n-alcohol like n-hexanol 
(C6OH) forms three-phasic systems but also 
the addition of an extractant molecule, like tri-
n-butyl phosphate, (TBP) used in nuclear 
industry for lanthanide ion separation. 
Obtained scattering curves are shown in 
Figure 1.  
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Fig. 1 Selection of scattering functions of 
bicontinuous µE with a short chain alcohol 
(hexanol) or an extractant (TBP) and various 
salts (mr: molar ratio); Lines are the best fits 

The ratio between the cosurfactant and the 
surfactant was kept constant, as well as the 
salinity. Porod’s treatment and fitting 
procedure with the Teubner-Strey-Model 
delivers useful information on the structure of 
these µE. Characteristic length scales the 
specific surface were taken and are shown in 
Table 1. 

  Φw ξ 
D* 

 [nm] 
Σ 

 [cm-1] 
C8G1 without salt (C6OH) 0.36 3.74 10.78 7.88E+05 
C8G1 LiCl (C6OH) 0.37 3.85 10.94 6.74E+05 
C8G1 LiNO3 (C6OH) 0.35 3.94 11.28 6.25E+05 
C8G1 Nd(NO3)3 (C6OH) 0.34 4.31 12.50 5.94E+05 
C8G1 LiCl 0.3M TBP 0.24 2.71 9.68 8.91E+05 
C8G1 LiNO3 0.3M TBP 0.25 2.87 9.80 8.35E+05 
C8G1 Nd(NO3)3 0.3M TBP 0.26 3.28 10.19 6.66E+05 

 
Table 1 Extracted characteristic values of the 
µE (see Fig. 1) Φw volume fraction of water in 
the µE, ξ correlation length, D* periodicity of 
the domains and Σ specific surface 
 
Secondly probes were prepared with a cationic 
surfactant dodecyltrimethylammonium chloride 
(DTACl), pentanol (C5OH) as cosurfactant and 
salt. The scattering curves are not shown here 
but they are similar to those obtained with the 
nonionic surfactant. In order to study 
adsorption effects of cations at the different 
water oil interface only the nature of the salt 
was varied. We find that the cationic µE are 
less dependent on the nature of the salt than 
the non-ionic µE. Together with the findings of 
other analytical techniques the salt 
concentration of the water domains in the µE 
will be determined and interpreted in terms of 
specific ion adsorption.  
 
This research project has been supported by 
the European Commission under the 6th 
Framework Programme through the Key 
Action: Strengthening the European Research 
Infrastructures.    
Contract n°: RII3-CT-2003-505925 (NMI 3) 
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The pseudopolyrotaxanes formed by 
cyclodextrins (CDs) and polymers is an 
attractive issue in supramolecular chemistry 
because they represent models for molecular 
recognition and can be employed in several 
fields such as drug delivery. Recently, we 
evidenced [1] the formation of  
pseudopolyrotaxanes formed by native and 
alkylated cyclodextrins with different cavity size 
and amphiphilic copolymers such as 
poly(ethylene oxides)-poly(propylene oxides)-
poly(ethylene oxides) generally indicated as 
EOaPObEOa where a and b are the repetitive 
number of EO and PO units, respectively. The 
SANS experiments clearly show (figure 1) that 
the copolymer in water forms strongly 
interacting spherical aggregates with a core 
shell architecture. The addition of a CD 
changes the structure of the system and its 
effect is strongly dependent on the CD cavity 
size. Namely, if one adds the hydroxypropyl-β-
cyclodextrin (HP-β-CD) it turns out that the 
intensity is reduced and above a given CD 
concentration the intensity vs. Q trend does 
not show anymore an interaction peak; that is 
consistent with the rupturing of the copolymer 
aggregates. On the other hand, the 
hydroxypropyl-α-cyclodextrin (HP-α-CD) at the 
higher concentrations generates a more 
pronounced maximum which indicates 
stronger interactions (an example is given in 
figure 2). The different response of the 
copolymer aggregates to the two CDs can be 
ascribed to the CD cavity size and to the 
consequent selectivity toward the EO and PO 
units. In particular, the ability of HP-β-CD to 
include both the EO and the PO segments 
renders the polymer much more hydrophilic 
and thereby disfavors the formation of 
aggregates. In the case of HP-α-CD, only the 
EO segments can be included and therefore 
the complexed copolymer may participate to 
the formation of micelles having the hydrophilic 
shells decorated with the CD baskets. Such a 
picture explains also the more pronounced 
maximum due to the increase of the effective 

volume fraction of the aggregates as a 
consequence of the HP-α-CD addition. 

 
Figure 1. Scattering function of the D2O+F88 mixture in 
the absence (●) and the presence of HP-β-CD at different 
concentrations: (▲), 5 wt.%; (♦), 23 wt.%. 

 

 
Figure 2. Scattering function of the D2O+F88 mixture in 
the absence (●) and the presence (▲) of HP-α-CD 23 
wt.%. 
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Nanocomposites are interesting materials 
characterized by nano-sized fillers and a 
polymeric matrix. Their physico-chemical 
properties may be tuned and modulated for 
specific purposes achieving extraordinary 
properties which could not be attained by 
normal composite materials, i.e. enhancement 
of mechanical properties, thermal and 
chemical stability, reduced flammability, 
material reinforcement, flame resistance, 
electro-optical properties, cosmetic 
applications, etc. Within this topic, we 
synthesized and characterized 
nanocomposites based on poly(ethylene) 
glycol 2000 and the tri-block copolymer 
EO98PO67EO98 (F127). As inorganic filler we 
used laponite which is a synthetic clay 
containing disk-like nano-platelets with a 
radius of 12.7 nm and a thickness of 0.9 nm. In 
order to explore a Q-range as wide as possible 
we have employed 4 different configurations at 
V4 instruments. 
Looking at the data from F127 (figure 1), one 
can see a peak for the pure copolymer which 
is less pronounced in the nanocomposite with 
the 20 wt.% of laponite and disappears for 
higher laponite contents. Such a peak 
corresponds probably to a lamellar distribution 
of PEO and PPO with a mean spacing which 
increases from 14.8 nm to 21.3 nm by adding 
a 20 wt.% of laponite. At larger laponite 
concentration, the lamellar structure is not 
evident. In this case the I vs Q trend for Q>0.1 
nm-1 is consistent with a model which assumes 
only the form factor of disk laponite 
nanoparticles dispersed in an uniform medium. 
The deviation at lower Q values is likely due to 
attractive interactions between disks and 
potential cluster formation. From a first 
analysis it comes out that a fractal law can 
take into account for the data at low Q and a 
fractal dimension of ca. 200 nm is obtained. 
Such a large dimension can represent the 
cluster of nano-platelets oriented almost in a 
random way. 

Similar considerations in the laponite rich 
systems are valid for the PEG 2000/laponite 
nanocomposites. Of course PEG 2000 does 
not show any lamellar structure, but it can be 
observed that low amount of disk dispersed in 
PEG 2000 assumes a more ordered lamellar 
structure with a periodic distance of ca. 1.4 nm 
as showed by the appearance of a peak at 
high Q values. 
 

 
 
 
Figure 1. Scattering intensity of F127 as a function 
of the scattering vector q in the absence (●) and the 
presence of laponite at different concentrations: 
(▲), 20 wt.%; (♦), 69 wt.%. 
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It is well known that water in the core of 
reverse micelles may display deviating 
electrophilic and nucleophilic properties rela-
tive to “bulk water” because of strong inter-
actions with the head groups of the surfactant, 
depending on the size of the droplets. Thus, 
the effect on reactions is often dependent on 
the water/surfactant molar ratio (ω) [1]. The 
present study reports the correlation between 
the size of reverse micelles obtained by SANS 
measurements, and the initial hydrogenation 
rate of dimethyl itaconate (DMI) with the water-
soluble catalyst complex Rh-TPPTS using 
nonionic Triton X-100 microemulsion systems 
with different water content as dispersive 
media. The influence of the cosurfac-
tant/surfactant mass ratio (δ) as a reaction 
parameter was studied, and additionnally the 
effect of the catalyst was probed. 
SANS spectra were recorded with different 
contrast conditions: microemulsions were 
prepared from heavy water, Triton X-100, 1-
pentanol, and either hydrogenated or 
perdeuterated cyclohexane. The former case 
provide an inner look to the D2O-based core of 
the micelles, while in the latter case the 
hydrogenated interfacial film is probed. Figure 
1-a presents SANS scattering curves for four 
Triton microemulsions with ω = 20 and 
different amounts δ of pentanol contained. All 
the curves show the existence of noninter-
active particle systems and by comparing them 
one could suggest that the change of 
maximum height that increases with decree-
sing δ, points to the increasing micellar size. A 
slight elongation of the micelles is observed 
when using less cosurfactant (δ = 0.75), and 
also when adding the catalyst to the core (0.8 
mmol/L of Rh, using TPPTS/Rh of 7.5) 
We used the Guinier approximation to 
determine the hydrodynamic radius of the 
micelles [2], and as Figure 1-b shows, these 
were correlated with the Initial hydrogenation 
rate of the catalytic hydrogenation of DMI (2 g 
in 100 ml of microemulsion) in Triton X-100 
microemulsions with different δ, at 25 °C and 

1.1 bar, using 20 mg of [Rh(cod)Cl]2 and 357 
mg of TPPTS. The tendencies are similar 
when changing ω (10→15→20) for systems 
with different δ, showing higher rates for 
systems with larger micelles.  
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Fig. 1: (a) SANS spectra of Triton X-100 
microemulsions with constant ω = 20 and 
different δ, and influence of the water soluble 
catalyst complex Rh-TPPTS on the spectra. 
(b) Initial hydrogenation rate of the catalytic 
hydrogenation of DMI (2 g in 100 ml of micro-
emulsion) as a function of the micelle hydrody-
namic radius (Guinier approximation of the 
SANS spectra) in Triton X-100 microemulsions 
with different δ, at 25 °C and 1.1 bar, using 20 
mg of [Rh(cod)Cl]2 and 357 mg of TPPTS. 
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Scientific background 
A molecular liquid can be supercooled below its 
melting temperature, Tm, and form a glass, an 
amorphous solid, at temperature Tg. The way its 
dynamical properties (viscosity or relaxation time 
τα) evolves with T at atmospheric pressure above 
Tgprovides a criterion to classify it among other 
liquids differing by their configuration or chemical 
interactions. This criterion is called fragility, m, or 
steepness index, as introduced by Angell in 1985; it 
focuses on data close to Tg showing how fast the 
dynamics increase approaching the structural arrest 
at Tg.  

 
While a number of highly fragile glassformers are 
found for polymeric materials (m up to 200), only 
very few examples of molecular liquids exhibiting 
m > 100 have been reported. Among them the 
mixture of cis-trans decahydronaphtalene with a 
mixing ratio of roughly 1:1 (cis-trans Decalin, Tg = 
134.7K) plays a central role. Based on a VTF fit of 
dielectric data, Richert (JCP 2002) found an m = 
147 for that mixture, one of the highest reported 
values. Based on the absence of aromatic character, 
an intermediate behaviour was expected and the 
pure cis Isomer does actually show this moderate 
fragility in a short T-range close to Tg (150K), with 
a measured fragility of m ~ 60 [1]. The mixture of 
the two configurations, has consequently a 
considerable effect on the dynamical properties, 
mainly for a characteristic relaxation time greater 
than 10-6 s. Additionally while in most systems a 
relationship between the dynamical and 
thermodynamical properties seems to work, 
assuming that the fragility is also related to the way 
the configurational entropy decreases from Tm to 
Tg, Decalin does not follow it. A study on the 
variation of the properties versus composition is 
currently in progress in Orsay. The mixture of 
configurations appears as a new tool for studying 
the whole pattern of fragile liquids, without  

changing the chemical nature of the liquids, or 
applying external parameters such as pressure or 
confinement. More work is required to understand 
this exceptional behaviour.  
 
Experimental results  
Relaxation curves of cis-trans Decalin have been 
measured in the fourier time range from 5 ps to 
almost 1 ns. The temperatures the relaxation curves 
were recorded for ranged from 260 K past the 
melting point at 240 K covering a supercooled 
domain down to the structural arrest that set in at 
about 195 K. The temperature steps were chosen to 
yield reasonable resolution for the phase-
changerange and assure comparability to the data 
collected for cis Deaclin. It was so possible to study 
the resulting curves for cis-trans Decalin in direct 
comparison with the previously collected data for 
cis Decalin. The relaxation behaviour could be 
tested for cooling history dependence as it was 
reheated and cooled fast to a temperature that had 
already been recorded on slow cooling. This 
research project has been supported by the 
European Commission under the 6th Framework 
Programme through the Key Action: Strengthening 
the European Research Infrastructures. Contract n°: 
RII3-CT-2003-505925 (NMI 3). 
 
 

  
Relaxation curves of cis (squares) and cis-trans 
(dots) Decalin at comparable temperatures. In the 
observed Temperature range the relaxation of cis-
trans slows down more than the relaxation of pure 
cis  
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Room-temperature ionic liquids (ILs) are defined as 
salts composed solely of ions with melting points 
below 100ºC. A great interest in this class of 
materials has emerged during the last decade due to 
the interesting properties that they exhibit. In 
particular their use as “green” solvents replacing 
standard contaminant solvents constitutes a very 
active subject of research in the chemical industry. 
Another interesting property of ILs is its large 
tunability. This feature is derived from the 
possibility of combining different cations (often 
based on imidazolium, pyridinium, pyrrolidinium, 
ammonium or phosphonium derivatives) with a 
huge variety of anions (halides, nitrates, 
phosphates, etc.).  As the diffusivity of cations and 
anions in ionic liquids are strongly coupled it is of 
high relevance to determine how the size and the 
symmetry of the cation and/or the anion affects the 
dynamics of a given ionic liquid. The goal of this 
experiment was to explore the dynamics of 
different ionic liquids on the nanosecond scale. We 
measured the dynamics of two ionic liquids with 
different cation sizes: ethyl-methyl-imidazolium 
bromide (EMImBr) and  hexyl-methyl-imidazolium 
bromide (HMImBr), and a third one changing the 
bromide anion by a much larger anion:  EMIm-
dimethyl-phosphate.  

 

Figures 1 and 2 show the data obtained for 
EMImBr at different temperatures in the first and 
second bank of detectors. While a qualitative 
difference between the data corresponding to the 
sample on the liquid state (at 350 and 400 K) and 
the solid is observed, in particular on the second 
bank, the signal from our samples (mainly 
incoherent) is too low to allow us to obtain reliable 
conclusions about the dynamics of these ionic 
liquids.  

 
Fig. 1: EMImBr at several temperatures (first bank)  
 

 

Fig. 2: EMImBr at several temperatures (second bank). 

 

This research project has been supported by the 
European Commission under the 6th Framework 
Programme through the Key Action: Strengthening 
the European Research Infrastructures. Contract 
n°: RII3-CT-2003-505925 (NMI 3). 
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Lipid membrane on polymer cushions can 
be created directly via vesicle fusion. The 
assembly of lipid bilayer membranes 
alternated with polyelectrolytes (PE) has been 
already demonstrated1,2. The lipid membranes 
act as internal barriers to separate two 
compartments of the PEM. Usually, this 
structure is charge symmetric, i.e., lipid bilayer 
is sandwiched between the PE with the same 
charge because of the symmetric structure of 
the bilayer. The preparation of asymmetric lipid 
bilayer is challenging. In the present work, we 
show the formation of charge asymmetric lipid 
bilayer of DMPE between cationic PDAMDAC 
and anionic d-PSS. 

The Si blocks used as substrates were 
dipped first in PEI solution (1 mg/ml, salt free) 
to form a precursor layer. Then the build-up 
process continued using the LbL procedure3 by 
sequentially immersion into PE solutions 
(1 mg/mL, in 0.5 M NaCl) for 10 min. The PE 
cushion had the structure Si/PEI/(d-
PSS/PAH)4/d-PSS/PDADMAC. PDADMAC 
was used as last layer to guarantee strong 
positive charge of the terminating layer at 
different pH conditions because of the 
independence of its charge on the pH. The 
lipid bilayer was prepared by incubation in lipid 
SUV suspension for 30 min at 60 °C and 
neutral pH. The deposition continued with a d-
PSS layer at acidic conditions. Due to the fact 
that the charge of the DMPE molecule strongly 
depends on the pH4 it was possible to 
“sandwich” the DMPE bilayer between a layer 
of the cationic PDADMAC and the anionic d-
PSS through LbL self-assembly.  

The neutron reflectometry experiments 
were performed in θ/2θ geometry against D2O 
in a home made chamber. The build-up 
process was followed in-situ. The reflectivity 
curves at different deposition steps are shown 
in the Figure 1a and the SLD profiles in Figure 
1b.  

The experimental results were confirmed by 
UV-spectroscopy, QCM and zeta potential 
measurements4. 
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Figure 1. a) (a) NR curves from the samples: (1) 
Si/PEI/(d-PSS/PAH)4/d-PSS/PDADMAC, (2) after 
DMPE deposition, (3) after PSS deposition, and (4) 
after subsequent PDADMAC/PSS deposition. The 
solid lines show the best fit to the experimental 
data. The curves are shifted for clarity. (b) SLD 
profiles for the corresponding samples. 
 
References: 
1. C. Delajon et al Langmuir, 2005, 21, 8509. 
2. Z. H. An et al Biomacromolecules, 2006, 7, 580. 
3. G. Decher, Science, 1997, 277, 1232. 
4. J. Chen et al Soft Matter 5, 2009, 228. 
 
Abbreviations: 
DMPE - 1,2-Dimyristoyl-sn-glycero-3-phospho ethanolamine; 
PDAMDAC - poly-(diallyl dimethylammonium chloride); d-PSS - 
fully deuterated poly(sodium 4-styrenesulfonate); PAH - 
poly(allylamine hydrochloride); PEI poly (ethylenimine). 
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Nanometer thick polymer based materials with 
particles embedded in the polymer matrix 
possess a number of specific properties, 
pertaining to their structure with potential 
application in chemistry, (bio)sensing and 
material science. The properties of the obtained 
materials depend strongly on the inter particle 
distances in the matrix, with consequences for 
the mechanical response and optical and 
magnetic properties of the samples. The 
motivation of present studies was to generate 
nanoparticle/polyelectrolyte (NP/PEM) composite 
films with magnetite nanoparticles organized in 
2D structures. The ordering of NP into 2D layers 
was based on the difference in the 
hydrophobicity of the composite sub-layers. In 
one case the polyelectrolyte cushion: PAH/PSS 
(poly(allylamine hydrochloride/poly(sodium 4-
styrenesulfonate) included a lipid bilayer (DMPC, 
dimyristoylphosphatidylcholine) with a highly 
hydrophobic center, which was obtained by 
vesicle fusion and spreading [1] on the 
polyelectrolyte multilayer. The lipid bilayer was 
“sandwiched” by two hydrophilic constituents: 
polyelectrolyte multilayer from one side and 
charged nanoparticles from the other side. Due 
to its highly hydrophobic center, it acted as a 
barrier preventing hydrophilic nanoparticles from 
diffusion inside the PEM. As deposition of lipid 
bilayer and magnetite nanoparticles was proved 
in-situ with quartz crystal microbalance (QCM), it 
was studied step by step with neutron 
reflectometry (NR). The results obtained for 
adsorption of DMPC and magnetite nanoparticles 
on the PEM are depicted in Figure 1 as 
reflectometric curves and the respective 
scattering length density profiles. First, PEM 
cushion was measured against liquid D2O (black 
circles). Then DMPC was deposited and the 
sample was measured (green triangles). Next 
magnetite nanoparticles were adsorbed and the 
sample was measured again (blue squares). 
When nanoparticles are deposited on the DMPC 
bilayer supported on PEM, they rather assemble 
at the lipid bilayer’s surface. While analyzing the 

NR data of that system, one can distinguish three 
separate parts in the SLD profiles. They refer to 
PEM, DMPC bilayer and NP, respectively. Thus, 
particles are arranged into a 2D layer at the 
surface. 
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Fig. 1. NR curves and SLD profiles of DMPC 
deposition on PEM and NP deposition on 
PEM/DMPC 
 
The obtained results confirmed our prediction 
that the lipid bilayer prevents nanoparticles from 
diffusion inside the polymer cushion. 
 
1. C. Delajon, T. Gutberlet, R. Steitz, H. 
Mohwald, R. Krastev,  Langmuir, 2005, 21, 8509 
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Mesoporous materials in form of thin films are 
nowadays rising of interest because of numerous 
applications in the fields of sensing, catalysis and 
photovoltaics. The structure characterization of 
such systems, especially regarding the porosity and 
the pores accessibility, presents however many 
questions, which cannot be answered by the 
standard technique. The knowledge of such 
information indeed is crucial for the enhancement 
of the materials quality. 
In our previous works at HZB the application of in-
situ small-angle neutron scattering (SANS) study in 
mesoporous silica powders during C5F12 adsorption 
at 280 K – taking advantage of contrast matching 
between liquid C5F12 and the SiO2 itself –  provided 
successful results in the determination of the 
morphology of the porous structure. 
The concept of the in-situ-SANS technique was 
then applied in the present experiment to thin films 
materials. The only change is collection of the 
scattering pattern in reflection geometry 
(SRSANS), more suitable for a thin film analysis 
than the transmission. 
The samples object of this study (SP2350) was a 
film of mesoporous silica 150 nm thick deposited 
on a silicon wafer by dip coating of a sol-gel 
solution. In Fig. 1 are presented a typical 
transmission SAXS pattern and AFM analysis.  As 
can be seen the material presents a well ordered 
mesostructure with spherical pores of 20 – 24 nm in 
size. In the SAXS pattern can be recognized a 
Bragg peak at s = 0.05 nm-1 typical of a cubic 
packing, while the humps at s = 0.9 and 0.15 nm-1 
belong to the form factor of a sphere.  
This experiment then gave the chance for the first 
time to detect the accessibility of a thin film system 
and the connection between the pores.  
In Fig.2 are shown the reflectivity pattern of 
SP2350 collected at different sorption state. Unlike 
the transmission geometry, the reflection of the 
neutron at V6 enables to cover a limited range of s 
values allowing to collect just the form factor 
contributes. 
As can be seen the maximum decreasing of the 
peak is registered at 0.15 p/p°. For higher pressure 
values the sample the porous matrix is not 

accessible to the C5F12 flow. One possible 
explanation to this fact is that the connections 
between the pores are not enough to allow the 
permeation of the adsorbate.  Furthermore, since 
the C5F12 is a quite big molecule ( kinetic radius = 
0.9 nm) and the connection between the spherical 
pores are given by micropores  of ~ 1 nm, the flow 
of the gas could be discouraged also by steric 
obstruction. 

 
Fig 1: SAXS pattern and AFM micrograph of SP2350 

 
Fig.2: SRSANS pattern during C5F12 sorption in SP2350  
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Polyelectrolyte multilayers (PEM) are formed by sequen-
tial adsorption of oppositely charged polyelectrolytes from 
aqueous solutions [1]. Intramolecular forces bind water in 
the PEM tightly. 

0.00 0.04 0.08 0.12
0

10

20

30

40

 

 

1

R
/R

F

4

PHY-04-1597  // k.denzer  //  05.02.09  Seite 1 von 1 

3

0 200 400 600

0

1

2

3

4

5

 

SL
D

 [1
0-6

 Å
-2
]

z  [Å]

Si

2

 Qz [Å
-1]

3

1

2

4

 
Fig. 1. Left: Normalized neutron reflectivity curves of d5p5 PEM. It is 
prepared at 15oC from an aqueous solution containing 1 mol/L NaCl. 
The sequence of the experiments 0% RH (curve 1) ⇒ 100% RH D2O 
(curve 2) ⇒ 0% RH (20 h drying, curve 3) ⇒ 0% RH (after immersion 
for 6 h in H2O and 20 h drying, curve 4). Straight lines are fits; dashed 
lines connect interference minima of the same order. Right: the 
corresponding scattering length density profiles. 
 
To quantify the swelling on a molecular scale as function 
of the relative humidity (RH), the PEM architecture is 
varied. The polyanion is poly(styrenesulfonate) (PSS) 
and the polycation poly(allylamine hydrochloride) (PAH). 
PEM either consists of 10 protonated bilayers (p10), 10 
deuterated bilayers (d10), or two different building blocks, 
p5d5 or d5p5 [2]. 
 

              
 
Fig. 2: Calculated SLD of the protonated (left column) and the 
deuterated block (right column) of the d5p5 PEM (cf. Fig. 1). In the 
virgin PEM at 0%RH, the protonated block contains 3.4 H2O 
(deuterated block: 1.9). Top: 100 %RH D2O, center: 0 % RH, bottom: 
0% RH after immersion in H2O. The x-axis gives the degree of PAH 
deuteration; the dotted lines show the measured SLDs within 10% 
error. The straight lines are calculated assuming different H2O/D2O 
compositions for  as measured by the thickness change.  

2 ,H O swelln

The film architecture is selected to obtain as many inde-
pendent parameters as possible, specifically the thick-
ness and the scattering length density of each block. At 
the beginning of the experiment, 

2
, the number of wa-

ter molecules per PAH/PSS monomer pair is calculated 
from the scattering length density SLD in a block 

H On
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(bi and Vi  are the scattering lengths and volumes of the 
respective molecules or monomers, respectively). On 
increase of the RH, water incorporation causes the block 
to thicken from ldry to lswell. 
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2 2,H O swell H O dryn n−  gives the number of added D2O mole-
cules. However, the increase of the SLD of each block 
(cf. Fig. 1) is too large to be explained with D2O addition 
only. Proton-deuterium exchange occurs. The data indi-
cate that three mobile protons of each bound PAH mono-
mer are replaced by deuterium ions, yet most of the H2O 
molecules found in a PEM at 0% RH remain bound at 
100% RH D2O (proton-deuterium exchange rate of an 
amino group is below 0.5 ms [3].), cf. Fig. 2. On drying, 
the thickness of the virgin film is retrieved, yet the SLD is 
still larger. Clearly, the PAH monomers retain their 
deuterium ions. Only after immersion into H2O the 
original reflectivity curve is obtained, i.e. the deuterium-
proton exchange is reversed. 
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Fig. 3: Amount of protons attributed to tightly bound water molecules 
per monomer pair measured for the films architectures. The RH given 
in the x-axis follows the sequence of the experiments.  
 
This model of proton-deuterium exchange in the PAH 
monomers is able to describe all investigated PEMs, cf. 
Fig. 3. At 0% RH the amount of bound water in the 
deuterated layers does not depend on the film 
architecture, whereas in the protonated layers it does. 
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2 O. Ivanova, O. Soltwedel, M. Gopinadhan, R. Köhler, R. Steitz, 

C.A. Helm, Macromolecules 41 (2008) 7179 
3 K. Wühtrich, NMR of Proteins and Nucleic Acids; John Wiley and 
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Hydrocarbon-fluorocarbon interactions are of great 
practical importance with applications such as non-
stick coatings, anti-graffiti paints and specialised 
lubricants and surfactants and are of academic and 
applied interest. Interesting adsorption behaviour 
occurs close to the liquid–liquid coexistence curve of 
a binary liquid mixture. As coexistence is approached 
along a path of constant composition a thick film of 
the preferentially adsorbed component builds up. The 
thickness l of this multilayer film is expected to grow 
as l ~|T–T

0
|
–1/3

, where T
0
 is the coexistence 

temperature. A special situation arises when the 
critical solution temperature T

c
 is approached. In this 

region the behaviour of the system is governed by 
composition fluctuations in the bulk. Here, the 
thickness of the adsorbed film scales with the 
correlation length ξ of the bulk fluctuations, and 
behaves as l ~ ξ ~ |T–T

c
|
–0.305

. However, despite the 
similarity in the film thickness divergence, the 
analytical behaviour of the composition profiles is 
different in the two regimes. The power-law 
dependence of critical adsorption is well established, 
and φ(z) – φ(bulk) ~ z

–0.52
, where φ is the volume 

fraction composition and z is the coordinate normal to 
the interface.  
  
The major issue we proposed in this experiments was 
how the critical adsorption profiles and the multilayer 
adsorption profiles differ along path of non-critical 
composition, namely, φ (Hexane) = 0.12 as we 
approach the phase separation temperature Tsep and 
to determine the (slab or exponentially decaying) 
nature of the multilayer adsorbed film for a coupled 
layer and a bare silicon substrate.  We studied the 
adsorption from mixtures of hexane–perfluorohexane 
to alkylated (prepared using octadecyltricholorosilane 
as the coupling agent, C18) and a bare RCA cleaned, 
Si substrates. In this experiment we approached along 
paths of non-critical composition, namely φ (Hexane) 
= 0.12. The data obtained are shown in Figure 1 & 2 
for C18 and RCA cleaned Si substrates. The changes 
in density profile can be seen from data as the phase 
separation temperature (T = -11.5 ºC) is approached. 
T The data for the same substrate at the equimolar 
composition φ = 0.5) is also shown for comparison.  
  

The data are currently being analysed in depth to 
estimate the adsorbed amounts for both the C18 and 
the RCA cleaned Si and the compositional 
fluctuations are also being refined and determined.  
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After the successful test with a rheometer on 
the sample stage of the reflectometer V6 
(Exp.: PHY-04-1527-EF) the aim of the 
present experiment was to study the 
reorientation of micellar crystallites in the near 
surface region under shear load. 
For the present experiment we focused on the 
relaxation after stopping the shear in a 20 % 
solution of the Pluronic F127 in D2O. The 
micelles of this sample are known to form a 
densely packed structure close to a solid 
interface and Rocking curves of the first order 
reflection along the specular line, 
corresponding to the 111 reflection of a cubic 
dense packing, were taken along qx for shear 
rates. Representative data sets for the sample 
in contact with different substrates are shown 
in figure 1. Data before and after (6-8 hours 
after stopping the shear) shearing the sample 
and at the lowest and highest shear rate are 
presented. 
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Figure 1: Rocking curves for the sample in 
contact with two differently terminated 
substrates (repulsive - upper panel, attractive - 
lower panel) taken before during and after 
shearing the sample.  

 
It is clearly visible that shear has a strong 
influence on the line shape. A initially (without 
shear) narrow line representing a lateral 
correlation length of some µm becomes 
broadened under shear. For increasing shear 
rates the intensity is again slightly increased 
and the peak shape becomes asymmetric. 
After stopping the shear again a narrow 
resolution limited peak develops related to a 
well ordered crystalline structure. 
In figure 2 the time dependence of the narrow 
peak intensity after stopping the shear is 
shown. The micelles rearrange on a time scale 
of several hours. The black and grey data 
points show the result of two independent 
measurements to test the reproducibility of the 
experiment and the lines correspond to an 
exponential fit to the data. It turns out that the 
relaxation of the polymer micelles is dependent 
on the properties of the solid substrate. For the 
repulsive interface we extract a relaxation time 
of about two hours and for the attractive one 5 
hours.  
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Figure 2: Intensity of the narrow component 
plotted versus time after stopping the shear 
taken with the sample in contact with 
differently terminated substrates. 
 
Further detailed data evaluation is on the way. 
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Polyelectrolyte (PE) multilayers (PEM) have a 
broad potential for appliance on, e.g., medical, 
and biotechnological field, and can serve as an 
object of matter for understanding intermolecular 
interactions, and self-assembling processes in 
general. Recently it was found that free-standing 
PEM organised in hollow capsules made from 
strong PEM undergo an irreversible change in 
morphology during temperature treatment in 
aqueous environment [1]. This change was 
attributed to a rearrangement of the polymer 
chains during heating yielding to a lower 
interfacial energy between water and the partially 
hydrophobic PE chains. Our study aims to 
investigate this rearrangement altering the 
relative strength of Columbic and van der Waals 
interactions in PEM. These forces are considered 
to be the principal interactions which are active in 
the PEM network. The interactions were changed 
using a polycation with different charge density 
(ChD) thus allowing for built-up of PEM with 
different ratio between ionic and van der Waals 
interactions. 

Neutron reflectometry (NR) was used for 
examination of PEM rearrangement and 
respective thickness and density change upon 
post preparation heating of PEM. The samples 
were prepared from d-PSS (fully deuterated 
poly(sodium 4-styrenesulfonate) as polyanion 
and PDAMDAC (poly-(diallyl dimethyl ammonium 
chloride) as polycation on quartz supports using 
the spraying version of the LbL technique2,3. 
Always PEI (poly (ethylenimine) was used as a 
first layer.  

The polycation PDADMAC, was available with 
different ChD, by addition of uncharged spacer 
units during the chain synthesis. Three probes of 
PDADMAC were used - 100%, 89%, and 75%. 
All studied samples had the structure 
PEI/(dPSS/PDADMAC)9. All measurements were 
performed in dry N2 once after sample 

preparation and after heating in water bath at 
70°C for 1 hour. 

 
Figure 1: Reflectivity curves from PEM of 
different ChD before (squares) and after (circles) 
thermal treatment 

Charge density Thickness, nm 

 Before treatment After treatment 

100 % 47.0 42.7 

89 % 51.5 48.5 

75 % 60.0 60.4 

Table 1: Thickness of PEM prepared from 
PDADMAC with different charge density before 
and after thermal treatment at 70°C. 

The PEM thickness was found to be 
systematically affected by the ChD of the PEM. 
The changes in the film thickness upon heating 
are also related to the charge density of the 
polycation. The sample with 100% ChD, shrinks 
9%, whereas the thickness of PEM with 75% 
charge density remains constant. The 
rearrangement is hindered by increasing number 
of random distributed spacer units in the chain.  
1. K. Köhler et al. J. Phys. Chem. B 2005, 109, 18250 

2. G. Decher, Science, 1997, 277, 1232. 

3. J.B. Schlenoff et al. Langmuir 2000, 16, 9968. 
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  Driven by the development and 
miniaturization of electronic and optical 
devices with new properties, the modification 
of surfaces by the adsorption of ultrathin films 
has become increasingly important. In our 
previous report we showed the effect of the 
anions and their position in the Hofmeister 
Series on the thickness of the polyelectrolyte 
multilayers (PEM). In this report we present 
latest results of neutron reflectivity experiment 
on PEM at the solid/liquid interface. 
Polyelectrolyte multilayers were prepared 
according to the layer by layer adsorption 
method [1].  
 The samples consisted of   
Si/PEI/(PSS/PDADMAC100%)6 prepared from 
aqueous solutions of 0.25 M NaF and 0.25 M 
NaBr. In addition   Si/PEI/(PSS/DADMAC75%-
co-NMVA25%)6 prepared from aqueous 
solutions of 0.25 M NaF and 0.25 M NaBr. The 
samples were measured against vacuum after 
H2O, vacuum after D2O, H2O liquid and D2O 
liquid. Figure 1 (a) and (b), show neutron 
reflectivity spectra of PDADMAC100% 
multilayers at ionic strength of 0.1 M NaBr and 
0.25 M NaBr respectively. We observed no 
displacement of hydration water after exposure 
to D2O liquid. This could be seen from the 
spectra of H2Ovac coinciding with D2Ovac. 
There was larger thickness for the higher ionic 
strength multilayers and subsequently higher 
amount of water uptake, due to increased 
counterions causing structural changes as the 
chains change from flat conformation to coiled 
conformation [2]. The observation was in 
agreement with past experiments with NaCl. In 
figure 1 (c), we changed to PDADMAC75% to 
investigate the effect of degree of charge [3]. 
The polyelectrolyte multilayers also showed no 
displacement of hydration water or 
replacement of H by D after exposure to D2O. 
The thickness of the multilayers was much 
thinner compared to the PDADMAC100% after 
adsorption of six double layers. This was an 
indication that the adsorption of polyelectrolyte 

chains stop after some number of steps. The 
reason is still not clear.     
 
 
 
 
 
 
 
 
 
 
 
                                     (a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                           (b) 
 
 
 
 
 
 
 
 
 
 
 
 
                                           (c)  
Fig.1 NR measurements against H2Ovac, D2Ovac, 
D2Oliq, and H2Oliq  (a) PDADMAC100% at 0.1 M NaBr, 
(b) PDADMAC100% at 0.25 M NaBr, (c) PDADMAC75% 
at 0.25 M NaBr. 

Reference: 
[1] G. Decher, Science 277 (1997) 1232 
[2] R. Steitz et al., Colloids and Surfaces A 163(2000) 63-
70 
[3] U. Voigt et al., J. Phys. Chem B 107 (2003) 5273 
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It is well known that the folding stability of 
protein molecules is affected by the presence 
of cosolvents. Recently, we have found that 
non-ionic cosolvents have a pronounced effect 
on the degree of protein adsorption at a silica-
water interface [1]. In the present study, we 
were interested in the effects of Hofmeister 
ions on the mechanism of protein adsorption. 
In the so-called Hofmeister series, cations and 
anions are arranged according to their 
effectiveness in precipitating globular proteins. 
 
The protein ribonuclease A was chosen as 
model protein, whose affinity for adsorption at 
a solid surface was probed applying neutron 
reflectometry. Kosmotropic and chaotropic 
salts were added to the protein solution in 
advance of the adsorption experiments. In 
order to exclude electrostatic driving forces for 
protein adsorption, the solid surface was 
modified with a thin hydrophobic polystyrene 
film. In Figure 1, selected neutron reflectivity 
curves are shown, as obtained in the 
performed experiments. The neutron 
reflectivity curves were analyzed on the basis 
of a three-layer model, Si / SiO2 / polystyrene / 
protein adsorbate / protein solution. 
 
As can be seen in Figure 2, the adsorbed 
amount of ribonuclease A at a hydrophobic 
polystyrene film is significantly affected by the 
presence of salts. Moreover, the adsorbed 
amounts nicely follow the Hofmeister series, 
when considering kosmotropic or chaotropic 
salts alone. However, as might be unexpected, 
the presence of both the kosmotropic salts 
[(NH4)2SO4, Na2SO4] and the chaotropic salts 
[NaSCN, Ca(SCN)2] lowers the adsorbed 
protein mass. From an inspection of the 
corresponding scattering length density 
profiles, this reduction can be attributed to a 
decrease of the protein volume fraction in the 
adsorbate. The performed study is in full 

agreement with earlier experiments on non-
ionic cosolvents [1]. Apparently, kosmotropic 
cosolvents reduce the interfacial affinity of 
proteins by stabilizing their hydration shell and 
native fold, whereas chaotropic cosolvents 
lower hydrophobic driving forces for adsorption 
by increasing the solubility of hydrophobic 
areas on the protein surface. 

 
Figure 1. Typical neutron reflectivity curves as obtained 
in the experiments. The protein ribonuclease A was 
adsorbed at a silicon wafer, which was coated with a 
polystyrene film. The protein solution contained various 
salts selected from the Hofmeister series. 
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Figure 2. Adsorbed amounts of protein at a hydrophobic 

ystyrene surface in the presence of kosmotropic 
[(NH4)2SO4, Na2SO4] and chaotropic [NaSCN, Ca(SCN)2] 
salts. NaCl is used as reference. 

pol

[1] J. Koo, T. Gutberlet, C. Czeslik, J. Phys. Chem. B 112 
(2008) 6292-6295. 
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Recent studies of the interface of water against 
hydrophobic surfaces by neutron and X-ray 
reflectometry have revealed a depletion of 
water in a thin boundary layer next to the 
substrate [1]. In that context neutron reflectivity 
experiments performed on the interface of 
heavy water (D2O) against thin films of 
perdeuterated polystyrene (d-PS) spin-coated 
onto silicon blocks have revealed a non-
vanishing scattering contrast at the 
polymer/water interface, although the two 
materials (d-PS and D2O) have closely similar 
scattering length densities (SLD) [2]. 
To observe a pressure-induced decrease in 
the depletion length, d2, we managed in a first 
round of experiments (Proposal PHY-04-1526-
EF, 2007/II) to measure two samples each at 1 
and 1000 bar. The depletion length decreased 
by 1.6 Å and 1.0 Å, respectively, for the two 
samples. The depletion length represents the 
thickness of an equivalent vacuum layer and is 
a convenient measure for comparing results 
from different experiments and theoretical 
predictions. In fact, the observed change in d2 
for the d-PS/D2O interface is in qualitative 
agreement with molecular dynamics (MD) 
simulations on the interface of an alkane slab 
in water [3].  The latter study investigated 
pressure effects on the depletion length and 
predicts a decrease in d2 from 2.56 Å to 1.89 Å 
as the pressure is increased from ambient (1 
bar) to a hydrostatic pressure of 1000 bar at a 
constant sample temperature of 300 K [3]. 
In the most recent experiments, we set out to 
repeat the predicted pressure dependence of 
d2 to validate the principal results achieved in 
2007/II. Implementation of the Heidelberg high 
pressure cell and achieving full functionality of 
the experimental setup (p = 1000 bar) 
proceeded without difficulties in the December 
experiment only. Unexpectedly, during the 
measurements at high pressure the films of d-
PS appeared to be unstable under the extreme 
conditions. We managed to measure 4 
samples each at 1 bar and 1000 bar, but only 
one film remained on the silicon substrate, 

after pressure was induced. We measured a d-
PS film thickness of 177 Å (SLD=6.17E-6 Å-2) 
and one additional layer, da, on top of it, with 
da=96 Å (SLD=5.82E-6 Å-2). The SLD of the 
D2O subphase was 6.12E-6 Å-2. Additional X-
ray measurements with the same sample 
revealed a total layer thickness of 210 Å. 
When pressure was induced, we observed a 
decrease in the layer to da=89 Å (SLD=6.09E-6 
Å-2) and a change in SLD of the D2O subphase 
to 6.38E-6 Å-2.  This result corresponds to a 
decrease in d2 from 4.71 Å to 4.05 Å. The 
pressure dependent change in d2 is in good 
agreement with prediction [3]. However, the 
absolute values of extracted layer thickness 
are two times larger than expected [3]. We 
conclude that the additional layer da stems 
from the combined system of organic 
contamination and a depletion of water in the 
boundary layer. Unfortunately, it was not 
possible to fit a model, where these two 
contributions were separated. After pressure 
release back to 1 bar we measured a layer 
thickness of da=89 Å (SLD=5.83 E-6 Å-2) with 
D2O subphase SLD of 6.16E-6 Å-2. This cor-
responds to a depletion length, d2, of 4.77 Å.  

Figure 1: Subsequent neutron reflectivity from 
the solid/liquid interface of sample dPS6 
against D2O. The inset shows a fit (solid line) 
to the reflectivity curve at 1 bar (circles). 
[1] Schwendel et al., Langmuir 2003, 19 2284 
[2] Steitz et al., Langmuir 2003, 19, 2409 
[3] Mamatkulov et al 
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Experiments 
Deuterated milk samples were prepared by 
suspending 10% (w/w) NILAC® fat-free casein 
powder in D2O using 10.0 mm thick cuvettes. At 
time 0 hours a small amount of lactic acid 
(glucone-δ-lactone) was added to start the 
coagulation of milk into yoghurt. 

The bulk structure of the milk particles was 
statically measured before and after gelation 
over periods of 1.0 and 1.5 hours respectively, 
and averaged afterwards to 10 minute signals. 
The time evolution of the structure during 
gelation was measured kinetically in steps of 10 
minutes. All data was normalized with the sample 
transmission. 
 
Modelling 
The measured data Im(qy) consisted of the 
scattered intensity, part of the direct beam and a 
background level. The scattered intensity was a 
projection of the scattering function Is(qy) 
convoluted with the resolution function R(qy): 

( )( ) ( ) ( ) 1 ( )m y y y s x y s y bI q R q Q I dQ dQ c R q I⎡ ⎤= − + − ⋅ +⎣ ⎦∫ ∫ Q  (1) 

• The resolution curve was obtained from a D2O 
measurement of 1 hour, averaged to 10 minute 
intensities and described as a sum of three 
Lorentzian-type functions, for negative and 
positive qy-range separately. 
• The scattered signal was described with an 
isotropic Self-Affine model: 

( ) ( )
( )3

223
0( ) 4 2 1 1

H

sI q I a H aqπ
− +

⎡ ⎤= + +⎣ ⎦
 (2) 

for which the analytical projection and Fourier 
transform are known and where the attenuation 
was used to express I0 as a function of integral 
intensities.   
• The scattered fraction cs=λ2φv(φv-1)Δρs

2tξ, 
with wavelength λ=4.76 Å, volume fraction 
φv=0.10, contrast Δρs ≈ 5.7·10-7 Å-2, sample 
thickness t=10.0 mm and correlation length: 

( ) ( )1
22a H Hξ π= Γ + Γ  (3) 

 
Results 
The measured data was fit for length scale a, 
Hurst exponent H and scattered fraction cs. 

• The length scale changed from 250±25 nm to 
726±4 nm during 8 hours, with little apparent 
change for the first two hours, see figure 1. 
• Initial data was not sensitive to H and fitting 
produced some unphysical values, but after ~3 
hours a constant value of H=-3/8 was found. 
• The scattered fraction could be calculated 
from a and H to reasonable agreement with the 
contrast as found from SESANS data. 
 
Conclusions 
The first two hours a milk particle size of 250 nm 
was seen, in excellent agreement with the 
SESANS value for the average casein micelle 
diameter of 238±24 nm. During the next six 
hours the micelles coagulated into aggregates 
until gelation, where the typical length had 
increased by a factor 2.9, where a factor of 3.3 
had been observed in SESANS. 
Although the initial dimensionality could not be 
established well, static USANS measurements of 
milk and yoghurt were in good agreement with 
SESANS results. Kinetic USANS measurements 
yielded reliable additional information about the 
coagulation process. 

 
Fig. 1: Length scale change of milk to yoghurt 

coagulation after acidification at 0 hours. 
 
This research project has been supported by the 
European Commission under the 6th Framework 
Programme through the Key Action: Strengthening the 
European Research Infrastructures. 
Contract n°: RII3-CT-2003-505925 (NMI 3). 
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Trapping and controlled release of light has 
recently been demonstrated with a suspension 
of magnetite spheres in a ferrofluid [1-2]. 
Diffraction of linearly polarised He-Ne laser 
light from the ferrofluid gets extinguished for 
a critical magnetite sphere size (~ 1 - 3 μm), 
when a critical magnetic field (100–170 Oe 
for 3 μm, 450-460 Oe for 1 μm) is applied 
transverse to the direction of laser 
polarisation. When the laser is switched off 
and the magnetic field is reduced, the 
ferrofluid releases the trapped laser light.  
 
We explored a possible sharp variation in 

the agglomeration and magnetic properties of 
the ferrofluid systems by recording USANS 
spectra with unpolarised and polarised 
neutrons of 4.76 Å wavelength of samples in 
quartz cuvettes affording 1 mm pathlength, 
sonicated for 20 minutes immediately prior to 
measurements. However, no significant 
variation in the USANS profiles was 
observed (Figs. 1-3) for 3 and 1 μm sphere 
suspensions at magnetic fields ranging from 
0 to 500 Oe. Further work is necessary to 
understand this negative result.  
 
We thank B. Chudasama and R.V. Mehta for 

supplying the samples. 
 
REFERENCES: 
[1] R.V. Mehta, R. Patel, R. Desai, R.V. 
Upadhyay and K. Parekh, Phys. Rev. Lett. 
96, 127402 (2006). 
[2] R.V. Mehta, R. Patel and R.V. Upadhyay, 
Phys. Rev. B 74, 195127 (2006). 

 Fig.1 USANS of 3 μm magnetite spheres’ suspension in a ferrofluid.  

 
Fig.2 USANS with polarised neutrons of the same sample as in Fig.1. 
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Fig.3 USANS of 1 μm magnetite spheres’ suspension in 
a ferrofluid. 
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The process of cement hydration is very complex 
and depends on several parameters. For a 
conventional X-ray diffraction experiment the 
concrete has to be grinded into a powder. 
Unfortunately some phases like ettringite are 
under suspicion to perish by stronger grinding. In 
a neutron diffraction experiment the concrete 
sample can be investigated in form of a cylindric 
rod due to the much higher penetration depth of 
neutrons. Thus grinding of the sample can be 
avoided. Hence neutron scattering experiments 
were carried out at the E2 flat cone 
diffractometer using a wavelength of 2.39 Å. The 
concrete samples were freshly prepared and 
measured 1, 7 and 28 days after mixing. 
Different cements were used (with and without 
PCE superplasticizers). The probed volume 
provided satisfying statistics and generated 
homogeneous diffraction rings. Because of the 
high water content within the sample, the peak to 
background ratio is 0.1 or lower (Fig. 1) due to 
incoherent scattering of hydrogen. On the other 
hand the higher the sample diameter the better 
the statistics and the volume information. The 
cylindric sample diameter was changed for 
optimization from 15 mm to 7 mm. 
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Fig. 1: The low peak-to-background ratio of the 001-peak 
of portlandite versus the sample cylinder radii used at E2. 
 
The ratio of ettringite to portlandite was used to 
determine the effect of grinding (see table 1). 
The diffraction patterns were analyzed using 
Rietveld refinements. For the neutron data the 
background was corrected and a Gaussian peak 
shape assumed.  

Table 1: Ratio ettringite/portlandite  
 X-rays neutrons 
Ettr. / Portl. 35 : 65 70 : 30 

 
Thus the ettringite content determined by X-ray 
measurements is too small which may cause 
misinterpretations of the hydration process. 
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Fig. 2: Neutron and X-ray diffraction measurements of 
the same concrete. The two curves below the line of 
measurement show the simulations of portlandite and 
ettringite using Rietveld refinement. 
 

Data from literature verify the retarding effect of 
superplasticizers only for the first day of the 
hydration process. However, still after one week 
of hydration we found a different slope of the 
background. In the sample containing PCE the 
background intensity is 2% higher (Fig. 3). It 
should be a hint for PCE supported long time 
storage of water. Further analysis will yield more 
detailed results to the influence of additives like 
microsilica to the kinetics of phase generation 
during the first 4 weeks of hydration.   

 Fig. 3: Different slope of the background of neutron 
scattering in samples with and without PCE after 7 days.  
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This experiment is a continuation of our first 
proposal (MAT-01-2138), which focussed on the 
developed of experimental equipment and 
principal conditions for studies of reversible 
hydrogen storage materials under non-ambient 
conditions, especially under high gas pressures. 
In 2008 we tried to apply the experimental 
experience to other complex aluminium hydride 
systems. Aim of the experiments was (a) to 
investigate the formation of potential metastable 
phases under non ambient conditions and (b) 
potential rehydrogenation under high hydrogen 
pressures. The experimental conditions applied 
covered the pressure range from ambient 
pressure up to 350 bar and a temperature range 
from 140 to 500 K. All compounds were prepared 
by high energy ball milling which is a simple 
method for the synthesis of complex aluminium 
hydrides via a metathesis reaction starting from a 
metal chloride and NaAlH4(NaAlD4). One 
disadvantage is the formation of high amounts of 
NaCl and Al which cannot easily be removed 
(Eq.1).  
MeCl3 + NaAlH4  NaCl + Al + MeAlxHy
The mechanochemical preparation of the 
materials might be one reason why the 
experiments did not succeed. The synthesis 
products have very small crystal sizes which 
results in very broad diffraction peaks. 
Furthermore, all samples show extremely high 
amorphous backgrounds. Additionally, the 
amount of crystalline complex aluminum hydrides 
formed beside NaCl and Al is not very high. As a 
representative example Fig.1 shows the X-ray 
powder pattern and the neutron diffraction 
pattern of a sample containing BaAlD5, NaCl, 
and Al. While the reflections of the BaAlD5 are 
clearly visible, they are not visible in the neutron 
diffraction pattern. Since the scattering properties 
of Ba are good, this result was unexpected. One 
explanation could be that the size of the 
scattering domains is too small for neutron 
diffraction experiments.  

 1 / D0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55
0.0

20.0

40.0

60.0

80.0

100.0 PUL6250 FEL-FA-345-01  5-40° 2th  20s
E649782 BaAlD5 + NaCl + Al

NaCl 

Al 

BaAlD5 

X-ray 

neutron 

Figure 1: Comparison of the X-ray and neutron 
powder patters of BaAlD5, NaCl, and Al. 
Another reason could be that the contribution of 
the Al sample container absorbs almost 
completely the contribution of the sample (Fig.2).  

 
Figure 2: Comparison of the X-ray and neutron 
powder patters of BaAl4 + BaD2

1 / D0.28 0.32 0.36 0.4 0.44 0.48 0.52 0.56 0.6
0.0

20.0

40.0

60.0

80.0

100.0

The following compounds were also investigated: 
KAlD4, BaAl4+BaD2, BaD2+Al but the powder 
patterns did not show any changes during the 
high pressure treatment which could be due to 
too short reaction times.  
 

PUL6249 FEL-FA-348-01  5-40° 2th  20s
E649851  FEL-FA-348-01

Al 
BaAl4 

BaAl4 BaAl4 

BaAl4 
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Among the alkali and earth alkali complex 
borohydrides LiBH4 is outstanding due to its 
high hydrogen storage capacity and its 
reversibility. A main hindrance for technical 
applications is its high stability, leading to high 
desorption temperatures. Also the rather slow 
kinetics of the system remains a challenge. 
Recently, we observed the synthesis of LiBH4 
from the elements at 700°C with an applied 
hydrogen pressure of 150 bar [1]. Pre-
annealing of Li and B prior to the hydrogen 
exposure reduces the required temperature. 
With in situ neutron diffraction we observed 
that this involves the formation of LiB and of 
LiH as starting materials [2]. As a way to 
destabilize LiBH4 the use of other B based 
intermetallics such as AlBB2 was proposed [3,4]. 
 
The main purpose of the experiment was to 
study the synthesis of LiBD4 starting from AlB2 
and LiD in applied D2 atmosphere at elevated 
temperatures and to identify the phases 
present during the reaction. 
 
We first filled an Inconel sample container with 
a ball-milled mixture of Al11BB2 and LiD and 
placed it into the high temperature furnace 
(HTF), provided by BENSC. The HTF was 
placed onto the sample stage of the E6 
instrument and the sample container was 
connected to the gas loading system, 
supplying deuterium (D2) of 50 bar. Neutron 
powder diffraction was carried out at an 
incident wavelength of 2.4 Å. During the 
experiments the temperature of the sample 
was kept constant at 450°C, and increasing 
pressures were applied The deuterium uptake 
was monitored via the pressure drop. A 
diffractogram covering the whole accessible 2θ 
range was recorded in 6 hours. During the 
hydrogen uptake faster scans have been 
performed to monitor the nucleation and 
growth of new phases. The main result is 
depicted in the figure. AlB2 and LiD as starting 
materials can clearly be identified. With 

increasing pressure they vanish and the 
occurrence of elemental Al and LiBD4 can be 
observed. As LiBD4 melts at 280°C, no 
diffraction peak can be observed at 450°C. 
However, the formation of LiBD4 leads to the 
occurrence of a broad diffuse feature, which 
transforms into the diffraction pattern of LiBD4 
at lower temperatures.   

 

 
Reaction of AlBB2 and LiD to LiBD4 and Al in D2 

atmosphere. 
 
We conclude that the formation of LiBD4 
follows the reaction 
 
 AlB2 + 2LiD + D2 → 2LiBD4 + Al 
 
The reaction already starts at 450°C at a 
pressure ≤ 25 bar, which is much lower than 
the required pressures observed 
experimentally for the direct synthesis. 
However, at this pressure, the reaction is 
rather slow. Higher pressures enhance the 
kinetics considerably.   
 
 
[1] O. Friedrichs et al, Acta Mater. 56 , 949 (2008). 
[2] A. Remhof et al., Phys. Chem. Chem. Phys, in 
press. 
[3] J. J. Vajo, et al., J. Phys. Chem. B 109 3719 
(2005). 
[4] S. A. Jin et al., Scripta Mater. 68, 963 (2008). 
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One of the challenges for the practical use of 
H2 as energy carrier concerns the efficient H2 
storage with respect to a great number of 
operating requirements. Solid storage appears 
a promising route, but fully satisfactory 
materials have not been identified yet. 
Recently, a new family of novel carbon-metal 
(e.g. Ti, V, Pd, Pt) nanocomposites revealed 
considerable potential for hydrogen storage. 
Our group has developed Pd-alloy/carbon 
nanocomposites by doping different carbon 
substrates such as (a) a foam graphite-oxide-
like material (which is lightweight and 
possesses high surface area and porosity) and 
(b) a novel carbonaceous material called 
carbon cones (composed of curved graphite 
sheets and flat carbon discs). Both 
nanocomposites have revealed remarkable 
hydrogen uptake at room temperature and 
rather low pressures. These high H2 storage 
capacities might be attributed to a mechanism 
known as hydrogen spillover (H2 sorption on 
Pd or Pt doped porous solids is considered to 
involve dissociative chemisorption of hydrogen 
followed by diffusive cascading into various 
adsorption sites on the carbon material).  
With the experiment CHE-01-2236 we pursued 
to investigate the alleged spillover mechanism 
in Pd-alloy doped carbon foam and carbon 
cone systems through the combination of in-
situ hydrogenation and neutron powder 
diffraction. Main aim of these measurements 
was (a) to monitor diffraction pattern changes 
upon loading the carbogenic materials with 
hydrogen (the changes at low scattering 
angles could be related to atomic hydrogen 
intercalation between graphene layers) and (b) 
to investigate bulk hydride formation (catalyst 
particles) upon hydrogenation. Both samples 
were loaded in a stainless steel cell, which was 
fixed in the beam of E6 diffractometer, and 
was connected to a gas handling system via a 
capillary. Room temperature neutron diffraction 
measurements of empty cell, outgassed 

samples and samples loaded with different 
pressures of either H2 or D2 (up to 80 bar) 
were performed. However the available 
amount of samples (and thus the quantity of 
metal catalysts) was low and the catalyst 
phases were hardly detected in the outgassed 
samples. Upon hydrogenation (deuteration) a 
large amount of hydrogen was detected as 
increased background (originating from 
incoherent scattering), however the diffraction 
patterns were qualitatively identical to the 
pattern of unloaded sample. Since the amount 
of catalyst particles was very low, possible 
alteration (hydride formation) of their phase 
could not have been observed. Additionally, 
possible intercalation of atomic hydrogen was 
not observed. It should nevertheless be 
pointed out that some broad structures at high 
d (low angles) seem to appear, indicating that 
hydrogen is located in the bulk of the material 
(surface, pores) rather than within fixed 
positions (e.g. metal particles or in-between 
graphene layers). 

 
Diffraction patterns (in d-spacing) of the carbon 
foam sample loaded with H2 (p= 50 bar) (red) and 
unloaded (blue).  Difference in green. 

This research project has been supported by the 
European Commission under the 6th Framework 
Programme through the Key Action: Strengthening 
the European Research Infrastructures.    
Contract n°: RII3-CT-2003-505925 (NMI 3). 
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Last decades nanostructured materials attract a 
special attention because their properties are 
essentially different from those of conventional 
bulk materials. In particular it is known that the 
reduction of real physical size of particles from 
the microscopic down to nanoscopic scales 
results in a change of the majority of physical 
properties of confined materials (CM). One of 
important aspects of CM is a stability of structure 
as a function of spatial dimension, geometry and 
topology of nanoparticles. There are various 
methods of preparation of such ultra-dispersed 
substances and one of them is embedding of 
materials into different porous matrices: porous 
glasses, artificial opals, chrysotile asbestos etc. It 
is known that the thin-film KNO3 exhibits 
ferroelectric properties at much lower 
temperatures than bulk material and ferroelectric 
potassium nitrate films may be used for 
fabrication memory devices. Potassium nitrate 
(KNO3) has three different structures. At low 
temperature the orthorhombic (Pmcn) α-phase is 
stable. Upon heating at ~ 401 K this phase 
transforms into the trigonal (R-3c) disordered β-
phase.  On cooling from ~ 473 K β-KNO3 
undergoes a transformation to the metastable 
ferroelectric trigonal (R3m) γ-phase at ~ 398 K 
which transforms to α-KNO3 at about 373 K on 
further cooling. It was shown that at a high 
cooling rate (~ 15 K/min) from 403 to 303 K the 
γ-phase was obtained as a pure phase at 303 K, 
but it was eventually transforms to α-KNO3 in 15 
minutes at this temperature. At a slow cooling 
rate (~ 0.5 K/min) from 403 K to 303 K the γ-
phase started to form at 391 K and transforms to 
α-KNO3 at 370 K. Both α → β and γ → α order-
disorder transitions are governed by rotations of 
NO3

- groups around the c-axis. We have studied 
the modification of structure of KNO3 confined 
within porous glasses with average pore 
diameter 320 nm in the temperature interval from 
RT up to 507 K at heating and on cooling down 
to 350 K after heating. The cooling rate from 507 
K down to 410 K was ~ 2.7 K/min. Principle 
results are: 
1 – The broadening of Bragg peaks due to size 
effect was not registered, but we have observed 

the essential broadening of elastic peaks at large 
Q due to stresses. 
2 – On cooling in a vicinity of 385 K the 
coexistence of γ and β-phases in a temperature 
interval 5-7 K is observed and the pure γ-phase 
exists below 380 K only. 
3 – The transition from γ-phase to α-phase we 
have detected below 364 K, at that at 364 K the 
coexistence of γ- and α-phases is observed. 
These results are confirmed by measurements of 
dielectric response of this CM. 
The second sample was sodium nitrite 
embedded into analogous matrices. 
We have obtained the temperature dependence 
of order parameter η(T) for this CM (Fig.1). 
It is easy to see that at low temperatures η(T) 
corresponds to the analogous one for the bulk, 
but starting from ~380 K it deviates from 
η(T)BULK, but the phase transition (PT) for CM 
remains the first order PT and TC does not 
changed. Possibly this dependence is a results 
of very wide distribution of nanoparticle sizes and 
reflects the appearance of premelted state, which 
we have observed for small particles of sodium 
nitrite above Tc [1].  
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Fig. 1 Temperature dependences of order 
parameter for the bulk (black circles), embedded 
into 320 nm porous glasses (blue circles) and 20 
nm porous glasses (red squares) 
 
[1] A. Naberezhnov et al., Eur. Phys. J. E 12, s21 
(2003) 
 
 

280 300 320 340 360 380 400 420 440 460
0,0

0 ,2

0 ,4

0 ,6

0 ,8

1 ,0

η

Τ , Κ

 η  320 nm  glass
 η  20 nm  glass
 η  Bulk

208



EXPERIMENTAL REPORT Proposal N°  
MAT-01-2314-EF 

Instrument E9 
Phase transition of shape memory NiTi wires 

Local Contact M. Tovar 
 

MAT-01-2314-EF  // k.denzer  //  29.01.09  Seite 1 von 1 

 

Principal Proposer: M. Tovar Date(s) of Experiment 
Experimental Team:  
  
  

18/01/2008 – 23/01/2008

  Date of Report: 15/01/2009 
 
Shape memory alloys like NiTi (“nitinol”) get more 
and more impact in our daily life, i.g. as flexible 
glass frames, surgical instruments or as actuators 
in robotic systems. The memory effect bases on the 
crystallographic phase transition of cubic austenite 
to trigonal/monoclinic martensite phase. The 
transition takes place over a broad temperature 
range which depends on the composition of the 
alloy. 
 
As material for studying the mechanism of the 
phase transition NiTi wires [1] were at disposal 
showing the so-called thermal shape memory effect 
(the wire remembers a beforehand given shape). 
To get information about the process on 
microscopic scale neutron diffraction experiments 
have been carried out at different temperatures and 
different heating and cooling conditions. 
 
The room temperature diffractogram of the NiTi 
wires shows the monoclinic phase P21/m 
(martensite) reported in [2]. When heated up a 
phase transition to cubic phase m3Pm  (austenite) 
[3] starts around 300°C and is finished at 400°C 
(fig. 1). In this temperature region one can emboss 
a special shape to the wire which later on the 
quenched wire remembers when warmed up again. 
 

 
Fig. 1: Diffractogram of shape memory alloy NiTi between 100 
and 600°C  
 
The sample was further heated up to 600°C and 
than cooled down to room temperature. The 
question now was: what will be the crystallographic 
phases during adjacent heat (and mechanical) 

treatment where the memory effect takes place? 
Therefore a heating run from 30° to 100°C and a 
cooling run back to 30°C were performed while 
diffraction patterns were collected every 10°. 
 
Surprisingly the starting pattern showed a phase 
mixture of martensite/austenite phase instead of 
the expected pure martensite (fig. 2, blue diagram 
at bottom). The heating scans than reveals the 
phase transformation martensite-austenite at about 
70°C and pure austenite phase at 90°C. In this 
temperature interval the thermal memory effect 
takes place (i.e. the wire remembers a beforehand 
given shape). 
 

 
Fig. 2: Heating run of NiTi from 30 to 100°C  
 
The adjacent cooling run from 100° down to 30°C 
showed that in the cooled wires the austenite phase 
is still present to a considerable fraction, while only 
slowly the martensite phase increases. This is 
surprising since the memory effect initially is related 
to a transformation from two single (pure) phases 
(martensite-austenite) but obviously works 
independently from the phase purity. Moreover it 
obviously just works with phase mixtures. 
 
  
[1] Vendor: Memory-metalle.de 
[2] Cuevas, F at al., Journal of Solid State Chemistry 
(2006) 179, 3295-3307 
[3] Parlinski, K.; Parlinska-Wojtan, M., Physical Review, 
Serie 3. B – Cond. Matter (2002) 66, 064307-1-064307-8 
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Partially yitria stabilized zirconia (PYSZ) is very 
promising ceramics material. It can be used for 
deposition of thermal barrier coatings (TBCs) 
on turbine blades (TB). This material is widely 
used for coating of TB by means of electron 
beam physical vapor deposition (EB-PVD) [1]. 
However, 4 mol% Y2O3 –ZrO2 TBCs show 
phase instability [2, 3]. Thereby, PYSZ passes 
a cascade of phase transitions, which is still 
not completely understood. This irreversible 
process is thermal activated. The fact of phase 
instability is relevant for a technical application 
of this as TBC-material. We employed neutron 
powder diffraction method in order to 
investigate a dynamic of phase transition in 
dependence of grain size in PYSZ. With high 
resolution and fast scanning time it is a good 
tool to separate several phases.  
 

 
Fig. 1. Neutron PDF pattern of PYSZ powder measured 
at room temperature with fitted lines. 
 
Powder diffraction instrument E9 (HZB, Berlin) 
with high temperature furnace (HTF) have 
been used for in-situ PDF measurements at 
temperatures from room temperature to 
1100 0C. Neutron wavelength was defined by 
(511) reflection from germanium 
monochromator of 1.797745 Å. Studied PYSZ 
powder was filled in vanadium container for the 
measurements. 

 
Rietveld refinement of the sample measured at 
room temperature is shown in Fig. 1. Analysis 
of this pattern has been detected cubic and 
monoclinic phases of ZrO2. At temperatures 
higher than 900 °C a third phase – tetragonal 
one – become visible. 
 
The results are needed to choose of optimal 
morphologies of PYSZ TBC for stabilization 
phase transition. This information will be used 
for estimation of influence of different phases 
in PYSZ on thermal resistivity and mechanical 
properties of such kind TBCs.    
 
References 
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Introduction 
 
Due to their many potential applications such 

as gas sorption, molecular separation, gas 

storage and catalysis, MOFs have been 

intensively studied1. Some of these MOFs 

show “breathing” like response2 to organics 

and are with respect to their application as 

sensors of great interest. For example, the 

structure of MIL-88 is very flexible and the cell 

constants of these materials are strongly 

dependent on the pore content2,3.The aim of 

this proposal is to study in-situ their structural 

change upon changes in atmospheres.  

 
Using the unique DEGAS equipment available 

at the BENSC, attached to the E9 instrument, 

different measurements were performed to 

follow the structural changes of MIL-88B 

during adsorption of water molecules. Due to 

                                                           
1 a) U. Mueller, M. Schubert, F. Teich, H. Puetter, K. 
Schierle-Arndt, J. Pastre, J. Mater. Chem. 2006, 16, 626; 
b) N. W. Ockwig, O. Delgado-Friedrichs, M. O'Keeffe, 
O. M. Yaghi, Acc. Chem. Res. 2005, 38, 176; c) A. K. 
Cheetham, C. N. R. Rao, R. K. Feller, Chem. Commun. 
2006, 4780. 
2 T. Loiseau, C. Serre, C. Huguenard, G. Fink, F. 
Taulelle, M. Henry, T. Bataille, G. Ferey, Chem.--Eur. J. 
2004, 10, 1373. 
3 C. Mellot-Draznieks, C. Serre, S. Surble, N. 
Audebrand, G. Ferey, J. Am. Chem. Soc. 2005, 127, 
16273. 

the large amount of powder and the relatively 

low diffusion of water through the filled sample  

cell, single steps of the structural changes 

during adsorption could not be obtained. We 

were able to record the diffraction data of the 

evacuated sample and the completely 

hydrated sample, however. (Fig 1). The 

comparison shows the significant change from 

the empty form of MIL-88B crystals a to the 

D2O filled form b. 

 

 

Figure 1: diffraction data of a: evacuated sample, 

b: sample exposed to liquid D2O. Scan time was 

different for both samples. 
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The aim of this experiment was to study 
polymer nanocomposites using neutron 
membrane diffraction and to investigate 
thoroughly the structural changes (crystallinity, 
swelling, disordering and migration of clay 
layers) as a function of the relative humidity of 
the composites. V1 diffractometer was 
extremely well suited in this respect, not only 
due to its geometry but also because of the 
unique sample environment (in terms of 
controlled relative humidity) and pertinent 
know-how available.  
Polyvinyl alcohol (Mowiol 5-88) – Bentonite 
nanocomposites films with clay loading of 5,10 
and 20% by weight with thickness of 
approximately 100μm were cut in  6 x 1cm 
rectangular shape  and placed between quartz 
plates for the measurements.  
The diffraction patterns obtained from lamellar 
and in-plane sample positions revealed that 
there is a specific orientation of bentonite 
plates, parallel to the film surface. This 
conclusion is in agreement with the results 
obtained from XRD measurements and gas 
permeability technique, in which the well 
organized and dispersed impermeable 
inorganic layers, increase the resistance in 
flow throw the nanocomposites film, acting as 
gas barriers. 
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Figure 1. Neutron diffraction pattern on PVAB20 
(20%wt of clay) at different D2O relative humidities 
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Figure 2. Neutron diffraction pattern on PVAB20 
(20%wt of clay) at different H2O relative humidities 
 
In addition, measurements on hydrated 
samples enabled us to enlighten specific 
regions of the diffraction spectra. More 
specific, hydrated with H2O samples, were 
measured in order to monitor the structural 
changes as a function of the relative humidity 
of the composites at low Q region (inorganic 
rich region). On the other hand, diffraction 
experiments on pre-equilibrated with D2O 
samples revealed the structural changes in 
polymeric matrix, due to hydration. The 
obtained peak at 0.66-0.72 Å-1 can be 
attributed to the presence of a new crystalline 
phase, presumably induced by the presence of 
the silicates. 
Finally, measurements on pure PVA samples 
revealed a gradual dissolution of the polymer 
crystallites above 55% RH. At 95% RH the 
crystalline phase is almost disappeared. On 
contrary, in the case of nanocomposites, the 
crystallinity remains unaffected of hydration up 
to 95% . 
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Strains due to sorption processes are a long 
known effect, but it is still not clear to what 
extend these strains do affect the sorption 
process itself (1). For ordered mesoporous 
materials such as SBA-15 or MCM-41, 
diffraction methods are a powerful tool for 
monitoring such strains in-situ by simply 
measuring the shift of the Bragg reflections 
from the pore lattice (2). However, due to the 
change of the scattering contrast during 
sorption, slight peak shifts due to contrast 
effects are also possible, which might obscure 
the deformation of the solid pore lattice 
Here we report new sorption experiments of 
water on SBA-15 using the DEGAS system at 
the V1 instrument at BENSC. To exclude 
contrast effects, we used a zero contrast 
mixture m(D2O)/m(H2O)=0.08/0.92 as a 
sorbing fluid. The piping of DEGAS was 
optimized for small dead volume allowing to 
measure desorption branches of the isotherm 
with high accuracy. The different pressure 
regions such as bulk condensation and 
mesopore draining are clear and reproducible. 
Small-angle diffraction patterns have been 
measured at equilibrium conditions along the 
desorption branch for two independent runs. 
Three peaks from the 2D hexagonal lattice of 
SBA-15 can be easily distinguished, although 
they are strongly broadened as compared to X-
ray measurements due to the wavelength 
spread and the divergence of the neutron beam. 
Nevertheless, strain analysis could be 
performed by calculation of the centroid of the 
first bragg peak after subtraction of a linear 
background and determination of the position 
of the primary beam for each profile. Fig. 1 
summarizes calculated strains as a function of 
the amount of absorbed fluid. A contraction is 
observed between a filling factor of 0,2 and 
close to 1, and a distinct expansion is observed 

for filling factor reaching and exceeding 1. 
This reproduces the contraction in the presence 
of menisci and the expansion due to lowered 
interfacial energy of the pore surface, already 
observed for pentane with in-situ X-ray 
scattering (2). The corresponding strains 
measured with X-rays during continuous water 
sorption are shown in the inset. This 
experiment clearly proves that these strains are 
not artifacts (no contrast changing due to zero 
contrast water), and that possible non 
equilibrium stages in the X-ray measurements 
do not influence the strain isotherms. 
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Fig. 1: Sorption strain as a function of filling factor 
for two subsequent desorptions of zero contrast 
water in SBA-15 measured with neutrons. The inset 
shows the corresponding data measure with XRD. 
 
We gratefully acknowledge the financial 
support from the Deutsche 
Forschungsgemeinschaft (SFB 448). 
 
 (1) A. Grosman, C. Ortega, Phys. Rev. B 78 
085433 (2008)  
(2) G. Günther, J. Prass, O. Paris, M. Schoen Phys. 
Rev. Lett. 101 086104 (2008) 
 
 

PHY-01-2317-EF  // k.denzer  //  02.02.09  Seite 1 von 1 
213



EXPERIMENTAL REPORT Proposal N° MAT-01-2417
Instrument V1 Functional groups and pore geometry in proton-

conducting mesoporous SO3H-MCM-41 Local Contact  
Astrid Brandt 

MAT-01-2417  // k.denzer  //  04.03.09  Seite 1 von 1 

 

Principal Proposer: Michael Wark, Leibniz University Hannover Date(s) of Experiment 
Experimental Team: Michael Wark, Leibniz University Hannover 
 Roland Marshall, Leibniz University Hannover 
 Dirk Wallacher, BENSC 

Thomas Hauss, BENSC 

22/07/2008 – 29/07/2008

  Date of Report: 07/01/2009 
 
During our recent stay at BENSC we studied Si-
MCM-41 and three samples functionalized with 
SO3H groups by co-condensation synthesis reactions. 
The linked SO3H-groups, which are supposed to be 
distributed uniformly, make the material proton 
conducting.  

 
Fig.1: N2 sorption isothems of measured samples  

(micro- and mesopore region) 

With increasing degree of SO3H-groups in the Si-
MCM-41 samples, the ratio of micro- to mesopore 
volume drastically increases, leading to higher N/N0 
ratio in N2 adsorption at low p/p0 (Fig. 1).  

 
Fig.2: Neutron scattering patterns for nano-MCM-41 

If in the pure nano-Si-MCM-41 (particle diameter: ≈ 
100 nm) the pores are filled by N2 adsorption, the 
intensity of the neutron diffraction peaks decreases 
(Fig.2). At low N2 partial pressure (p/p0 < 0.1) first the 
(110) reflection looses intensity, leading to a reversal 
of the intensity ratio of the (110) and the (200) 
reflection. The intensity of the (100) reflection, 
however, decreases significantly only when the whole 
mesopore channels are filled at p/p0 > 0.3. This 
behavior confirms a model proposed for micro-
/mesoporous SBA-15 basing on in-situ SAXS studies 
discussing as first step a growth of a liquid-like film at 
the walls.  

Our SANS investigations showed that both, the 
anchored SO3H-propylsilanes as well as the adsorbed 
N2, decrease the neutron scattering, because both 
reduce the electron density contrast between the 
channel pores and the framework walls. If 10 % of the 
wall silica atoms are linked to SO3H-propyl groups 
again first the (110) and (200) reflections are almost 
disappearing indicating changes in the pore wall layer. 
Compared to pure Si-MCM-41, the (100) reflection 
decreases in intensity at much lower N2 partial 
pressures indicating again the formation of smaller 
micropores (Fig. 3).  

 
Fig. 3: Neutron scattering patterns for 10%µm-MCM-

41 

Increasing functionalization increases the relative 
amount of micropores further and the step at  
p/p0 ≈ 0.3, indicating filling of mesopores, disappears 
(Fig. 1). Consequently, also the intensity of the (100) 
reflection, measured in vacuum, decreases and for 
40% functionalization it is completely gone. N2 
adsorption in this sample reduces the background 
scattering at s < 0.1 indicating the filling of the 
remaining micropores.  
 
In summary, by combining N2 adsorption and neutron 
scattering we could effectively discriminate between 
filling of micro- and mesopores and analyze the 
altered pore structure which is important for the 
interpretation of proton conduction in the samples.  
 
The results are included in abstracts prepared for the 
21st German Zeolite Meeting March 2009 in Kiel and 
the Bunsentagung 2009 in Cologne. 
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Portland cement reacts with water to form an 
amorphous paste through a chemical reaction 
called hydration. In concrete the formation of 
pastes causes the mix to harden and gain 
strength to form a rock-like mass. Within this 
process lies the key to a remarkable peculiarity 
of concrete: it is plastic and soft when newly 
mixed, strong and durable when hardened. The 
performance of the concrete is determined by 
quality of the paste. Creep and shrinkage of 
concrete specimens occur during the loss and 
gain of water from cement paste. In order to 
better understand the role of water in mature 
concrete, a series of quasi-elastic neutron 
scattering (QENS) experiments were carried 
out on cement pastes with water/cement ratio 
varying between 0.32 and 0.6. The samples 
were cured for about 28 days in sealed 
containers with experiments were carried out 
with an actual sample of Portland cement rather 
than with the components of cement studied by 
other workers. The details of this work is found 
in the publication H. N. Bordallo, L. P. 
Aldridge, A. Desmedt, Water Dynamics in 
Hardened Ordinary Portland Cement Paste or 
Concrete: From Quasielastic Neutron 
Scattering, The Journal of Physical Chemistry: 
B 110 (36) (2006) 17966-17976. QENS spectra 
showed behaviour that was attributed to three 
types of water (1) chemically bound water (2) 
physically bound water and (3) confined water. 
Furthermore it was found that when the pastes 
were heated at 105oC no Quasi Elastic signal 
was detected indicating that both the physically 
bound and the confined water were removed. 
However on re-hydration only physically bound 
water was found. 
 
In a follow up to this work we investigated the 
QENS spectra of cement pastes that had been 
hydrated for at least 90 days and that had been 

dehydrated by exposure to saturated solutions of 
LiCl (with RH of 11%).  
 
The Powers Brownyard model of cement 
pastes differentiates between two types of 
pores capillary pores and gel pores. The larger 
capillary pores would be expected to primarily 
hold the physically bound water while the 
confined water would be expected to be in the 
smaller gel pores which my be related to the 
interlayer water of clays. In the present work 
we have attempted to optimise the 
measurements so that we could measure the 
quasi elastic spectra of water confined in the 
gel pores.  
 
We have also measured the QENS spectra of 
re-adsorbed water as a function of time. 
Cement paste was first heated at ~ 105 and it 
was confirmed that there was no quasi-elastic 
scattering. Then water was added and the spectra 
were measured. The spectra could be interpreted 
as showing that at first there was only 
physically bound water and that it took an 
appreciable time (hours) for the spectra of the 
physically bound water to become evident.  
 
The results are rather surprising and highlight 
how little is known about the position of water 
in cement pastes. The role of water in the 
pastes is critical to controlling the shrinkage of 
the pastes and also the transmission of ions 
through the pastes. This is of some 
environmental importance as cements are used 
in repositories to contain radioactive wastes 
and this confinement will be controlled by the 
movement of water in the cement pastes. 
 
We are now processing the results and fitting 
the data and hope to have this work competed 
in the near future. 
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The diffusion of liquids and gasses is an 
important question for the prospective 
applications (e.g. separation processes, catalytic 
substrate) of porous metallic membrane with 
oriented pore structure. Understanding the 
diffusion can help to optimize the fabrication of 
the membrane by selective phase dissolution. In 
the initial experiment, we intended to observe the 
kinetics of the H2O and D2O diffusion through the 
membrane. D2O lowers the scattering contrast 
when filled into the pores of the Ni3Al (γ’) 
membrane, H2O increases it. The degree of 
filling of the pores and thus diffusion rate could 
be in principle determined when performing a 
time–resolved experiment. 
The 0.7mm thick porous membrane (based on 
CMSX4 superalloy) was tested at several Q-
ranges in order to select the most suitable one 
for the kinetics experiment. The fluid was filled in 
the reservoir of a special cell on one side of the 
porous membrane and was allowed to flow 
through the pores under ambient pressure. It 
was, however, found that the pores are occupied 
very quickly, already during the time between the 
reservoir filling and the measurement start, i.e. in 
the time span of less than 20s. A similar test as 
with water was done with silicon oil but with the 
same result. 
After removal of D2O from the reservoir (i.e. both 
surfaces are on air), the evaporation of liquid 
from the pores occurs. Due to the enormous 
scattering from the freed pores, the scattering 
intensity increase can be clearly observed as the 
evaporation proceeds. It can be estimated, that 
0.5 μm depth (per surface) is emptied each 
minute. Although only very rough estimation of 
the diffusion is obtained, the data can be used for 
microstrucural characterization of the membrane 
and for the determination of the scattering length 
density (SLD) of the porous membrane walls 
(originally γ' rafts of CMSX4 alloy). 
Some of the measured and fitted V4 data are 
depicted in Fig. 1. The subsequent measurement 
at the double-bent-crystal SANS facility (NPI 
Řež) enabled to determine the average distance 
between the longitudinal pores (4770 Å; the 
interparticle interference maximum from Bragg-

like scattering on the ordered rafts clearly visible 
in Fig.1). When employing this value, the V4 
SANS data can be evaluated in more detail. By 
combining data from both facilities, the average 
thickness of the rafts was found to be 2800 Å 
and its volume fraction 64%. Consequently, the 
volume fraction of pores should be around 36%. 
The specific interface between γ' phase and the 
pores was determined to be 49000 cm2/cm3. SLD 
of the γ' rafts was determined to be 73.0×109 cm-

2 (assumed SLD of the CMSX4 alloy 67.27×109 
cm-2, calculated from the composition). 
Consequently, SLD of the γ matrix can be back-
calculated: 57.3×109 cm-2. 
The model of the pore microstructure resulting 
from the optimum fit is also depicted in Fig. 1. 
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Fig. 1. Top: V4 data for unfilled (left) and D2O 
filled (right) membrane. Gray scale map shows 
measured 2D data and the white equi-intensity 
lines depict the fitted curve. Bottom: The 
projection of the 3D microstructure model fitted to 
the data (left) and scattering curve for D2O filled 
pores (right). Sx(Qx) is the cross-section 
dΣ/dΩ(Qx,Qy) integrated over the vertical angular 
component. 
 
This experiment was supported by EC under FP6 
through the project RII3-CT-2003-505925 (NMI 
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Small-angle neutron scattering (SANS, V4) with 
in-situ high temperature furnace (HTF-1) was 
employed for study of porosity in turbine blade 
coatings (TBC) samples. Material of samples 
was partially (7 mol%) and fully (14mol%) 
stabilized by yittria zirconia (PYSZ and FYSZ 
respectively) which have been prepared by 
electron beam physical vapor deposition (EB-
PVD) method [1]. The measurements have been 
conducted at V-4 instrument with neutron 
wavelength of λ=6.05 Å and sample-detector 
(SD) distances 1, 4 and 16 m. Temperature 
program was as following: room temperature, 
500 0C, 700 0C, 900 0C, 1000 0C, 1100 0C, 
cooling down, room temperature. The samples 
were kept at all temperature points for 1 hour, 
cooling down took about 5-7 hours.  In-situ 
thermal treatment was done in vacuum. 
Fitting of the SANS data has been done using   
SASPROFIT software [2], with free size 
distribution of ellipsoidal particles. A model of 
prolate ellipsoids (with aspect ration R/r=ν>1) 
has been chosen for the simultaneous fitting of 
SANS data taken at sample to detector distances 
(SD) 1 m and 4 m. At these distances SANS 
instruments covers Q range which mainly 
corresponds to small pores and influence on 
scattering of very large pores (intercolumnar) is 
negligibly small.  
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Fig. 1. Changing of pores anisotropy in standard 
PYSZ TBC sample during temperature 
treatment. 
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Fig. 2. Specific surface of pores in standard 
PYSZ sample measured by SANS in 
dependence on temperature. 
  
Fitted free output parameters – overall aspect 
ratio and specific surface – are shown in Fig. 1 
and Fig. 2 respectively for standard (rotation 
speed during EB-PVD was 12 rpm) PYSZ TBC. 
Both characteristics have irreversible 
dependence. The aspect ration remains constant 
up to 900 0C than decreases and keeps same 
value during cooling down. However, specific 
surface has different behaviour during thermal 
aging – it starts to decrease from very beginning 
of heating. Analysis of these data permits us to 
describe thermal aging process and compare it 
for PYSZ and FYSZ TBCs. 
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Small-angle neutron scattering (SANS) 
technique was employed for investigation of 
porosity in turbine blade coatings (TBC). 
Partially (7 mol%) and fully (14mol%) stabilized 
by yittria ZrO2 samples (PSYZ and FSYZ 
respectively) have been grown by electron 
beam physical vapor deposition (EB-PVD) 
method for this measurements.  We used 
matching liquid in order to distinguish open 
and close porosity contribution in scattering 
since the porous microstructure is rather 
complex in such TBCs [1]. Measurements 
have been carried out at neutron wavelength 
of λ=6.05 Å and sample-detector (SD) 
distances of 1 m and 4 m. Mixture of D2O (89 
wt%) and H20 (11 wt%) was used for 
“shadowing” of open pores since it has the 
same scattering length density value 
(SLD=55.5*1010 cm-2) as the ceramic matrix. 
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Fig. 1. SANS scattering of FYSZ TBC sample measured 
in air (squares) and in matching liquid (circles).  
 
Apparent Porod constants (APC) were 
obtained from radial averaged SANS data 
measured for virgin (as-deposited) and 
thermally aged (100h at 1100 0C in air) PYSZ 
and FYSZ TBCs. The rotation speed 
influences porous microstructure in TBC [2]. 
Dependences of these APC values on rotation 
speed during deposition for FYSZ are shown in 
Fig. 2. High-Q region of SANS data 

(Q>0.5 nm -1) were used for fitting. Incoherent 
background was included in scattering 
procedure for data measured in D2O/H2O. 
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Fig. 2. Apparent Porod constants for virgin (a) and aged 
(b) FYSZ TBCs measured by SANS in air (squres) and in 
matching liquid (circles). 
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The purpose of our experiments is to measure 
the cross-sectional water distributions within 
the layers of PEM fuel cells under different 
conditions 
For these experiments, we designed and made 
a very simple PEMFC. The water and air are 
supplied into the each channel. At the initial 
stage, the water will only occur on local areas 
of GDL nearby the channel and then it may 
propagate into the larger area of the GDL. With 
conventional physical-models, it is difficult to 
estimate the water fraction at each layer and 
its propagation length accurately enough. 
Moreover, the water in-depth position is also 
important.  

 
a)  b) 

 
c) 

Fig. 1. Test result of horizontal case, a) before supplying, b) 
after 1000 sec, and c) after 5400 sec 
Figs.1 and 2 are test results of horizontal and 
vertical cases, respectively. Black area at 
processed neutron image means low water 
and blue means high water. Although there 
exists some water before supplying the 
hydrogen and air into PEMFC as shown as 
Fig.1-a), the water propagation was well 
visualized from channel to MEA by neutron 
imaging technique when comparing from 
Figs.1-a), 1-b) to 1-c). Especially since the 
thickness of MEA is less than 300 μm, the 
maximum thickness of water at MEA is less 

than 300 μm and the water distribution and 
behavior was well measured. It shows the 
power of neutron imaging technique. 
When checking the Fig.1-c), the propagation 
length between higher part and lower part is 
different. The propagation length of lower part 
is bigger than that of higher part. It seems that 
the gravitational force might affect the water 
distribution and propagation. These results 
conform by the Fig.2-c). Since gravitational 
force is same between right and left part for 
the vertical case, the propagation length is 
similar. 
 

 
a)   b) 

 
c) 

Fig. 2. Test result of vertical case, a) before supplying, b) after 
1000 sec, and c) after 6300 sec 
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Both the uneven fluid distribution and the 
concentration decrease of the reactants over the 
active area along the flow field channels lead to a 
pronounced inhomogeneous current distribution as 
well as to a power loss and increased ageing of 
direct methanol fuel cells. With the knowledge of 
the local distribution and transport phenomena of 
CO2 bubbles and water droplets at different 
operation modes, investigations on the 
improvement of cell components and design are 
possible. 
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Measurements using segmented circuit boards 
provide insight into the current distribution of the 
whole active area. To find the reason for this 
distribution, a further measurement technique is 
mandatory, detecting the CO2 and water 
distribution. Neutron radiography has shown to be 
an applicable method (1, 2). As the neutron 
radiation is strongly attenuated by hydrogen-rich 
liquids and less affected by the solid cell 
components, areas filled with water can easily be 
distinguished from areas filled with CO2. Applying 
exposure times of about 10 s, the resolution of 
through-plane radiographs is up to 45 µm. A 
combination of neutron radiography and segmented 
current measurement results in an in situ 
correlation of the current and fluid distribution. 
 
Measurements with different flow field geometries 
confirmed the suitability of the combination of these 
two in situ measurement techniques. The 
measurements were carried out during DMFC 
operation at varying cell currents and stoichiometric 
factors. Applying exposure times of 10 s, the 
development of CO2 bubbles on the anode side and 
the formation of water droplets on the cathode side 
could be well observed. 
An exemplary result shows a flooding effect: 
Special conditions lead to a flooding of the cathode 
channels with water (Fig. 1) causing a depletion of 
oxygen and therewith a reduction of current at the 
flooded areas (Fig. 2). 
 
 
 

air supply 

 

CO2

  methanol supply 

Fig. 1: Normalized neutron radiograph, 
300 mA/cm2, λair = λmethanol = 4, 70 °C 

 
Fig. 2: Local current distribution, 

300 mA/cm2, λair = λmethanol = 4, 70 °C 
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Objectives  
 
The goal of the proposed experiment is the 
verification of enhanced neutron transmission 
through strong absorbing boron alloyed steels 
caused by hypothetical boron inhomogeneities 
as expected from our Monte Carlo MCNPX 
simulations. An intense monochromatic beam 
was chosen to avoid beam hardening effects 
and to reduce background effects. 
 
Achievements  
 
The transmission measurements at V12a were 
successfully performed up to a thickness of 11 
mm at a neutron wavelength of 0.5244 nm, 
and then the transmission through the boron 
alloyed steels reached the background limit. 
We found systematic deviations from the 
exponential transmission law, as expected 
from the Monte Carlo simulations. Then the 
measurements were repeated using a 
collimator in front of the samples and placing 
the steels directly on the scintillator screen to 
achieve the best spatial resolution of 200 
micron. No difference in the transmission 
curves were found, this proves that scattering 
corrections are negligible in the strong 
absorbing steels. We also found no regions of 
reduced absorption in the steel. This confirms 
previous measurements at the Atomic Institute 
with thermal neutrons down to 100 µm 
resolution. We could repeat transmission 
measurements at a wider wavelength range 
from 0.25 – 0.52 nm at CONRAD instrument 
V7. First results at 0.25 nm wavelengths are 
promising even at 11 mm thickness we 
achieved sufficient transmission above the 
background limit. In all measurements 
pronounced deviations from the exponential 
transmission law have been detected.  

 
 
Fig.1. Left; the transmission values for one 
plate with 0.137 cm thick scanned from 0.25 to  
0.6 nm neutron wavelength at CONRAD 
instrument compared with calculated 
exponential law and simulated transmission 
values versus given wavelength while the 
deviation from exponential law is clearly 
detected. Right; transmission of boron steel 
alloy plates with monochromatic neutron beam 
at 0.5244 nm compared with simulated model 
which describes inhomogeneities of boron 
distribution in steel matrix. 
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A low temperature PEM fuel cell, which is very close 
to a commercial one, was tested.  

A long term observation has been carried out. Neutron 
radiography (NR) was used for the visualisation of the 
liquid water evolution in the cell. In parallel, an 
electrochemical impedance spectroscopy (EIS) over 
the whole cell was measured. 

The cell temperature was 53°C. On cathode side the 
utilisation was set to 60% and the humidification 
temperature of the air was also constant at 35°C. On 
the anode side, hydrogen was humidified with 25°C 
and utilization was 20%.  

For calculating the intensity, which is an indicator for 
the amount of water, the current images were divided 
by a dry cell image. Also a beam correction was done 
every 15 min. 

For the interpretation of EIS data a larger variety of 
equivalent circuit diagrams are known which describe 
the performance of a PEM- fuel cell (s. fig.1). 
Physical meanings and values are assigned to the 
electrical components. The EIS measurements were 
done with a Zahner IM6 / EL 300 in a range from 100 
mHz to 10 kHz. 

 
Fig 1: Simple example of an PEMFC equivalent 
circuit 

Figure 2 shows the recorded spectra. The frequencies 
increase from the right to the left site. The 
measurement points at high frequencies give the value 
for the membrane resistant RΩ, which is strongly 
influenced by the membrane water content. On the 
right site of the diagrams the diffusion limitation can 
be derivate.  

Figure 2 A gives an idea of the behaviour at different 
current densities. At high current densities the 
membrane gets wetter and wetter (decreasing of RΩ,), 
and the diffusion limitation increases. 

Figure 2 B shows the difference between low and high 
humidification conditions.  

In this images the global amount of water is available, 
but only in 2-D. This makes it difficult to differentiate 
between the water in the gas diffusion layer (GDL) / 
membrane and the water in the gas channels. The 
combined measurement of NR and EIS makes this 
possible. 

 
 
 
 
 

A

B 

Fig 2: Results of the spectroscopy 

In Figure 3 the images show the difference between 
2000 and 5000 A/m2. Note that the operating 
conditions are chosen in a way, that under ideal 
conditions the air outlet flow should have the same 
humidification and should be below 100% r. h.    

          

A B 

Fig. 3: 2000 A/m2   5000 A/m2

A first result indicates that the gas flow velocity has 
much more on the equilibrium water content in the 
GDL as the current density has. One reason can be the 
convective entry in the GDL at higher flow rates 
(drying the GDL). 

To insure the reproducibility the problem occurs that 
the experiment before us had an influence of the used 
beam. So a suitable compensation of this effect is 
under development. This will help for a much more 
detailed analyse of the data. 
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Energy selective neutron imaging has been 
performed at cold neutron imaging beam line 
CONRAD (V7 instrument) of HZB. Samples of 
different structures and purposes were investigated in 
order to understand their scattering behavior in 
transmission mode with high spatial resolution. 

Powders, powder mixtures and polycrystals of 
different materials were scanned in the broad energy 
range to investigate scattering cross sections and 
sample structures. In the Fig. 1. examples of Fe and 
Cu are shown together with theoretical evaluations 
and experimental data from the cold neutron imaging 
beam line ICON (PSI, CH). It can be seen that 
experimental data agree well in first order with 
theoretical predictions and deviations indicate textures 
in materials (the absence or suppression of the first 
Bragg egde). The objective of this investigation was 
to confirm scattering cross sections of different 
materials for the application in the quantitative 
radiography and tomography.  

In welded materials energy selective neutron 
imaging at specific neutron energies can detect 
structural changes in details (Fig. 2). Measured 
images do not show any similarities to any other 
available imaging technique (e.g. optical). The 
objective of this part of the experiment was to 
investigate structural changes in industrial materials 
during manufacturing processes.  

In the third part of the experiment the mosaicities 
of several single graphite monocrystals were 
measured. The objective of this investigation was a 
development of the energy selective option for the 
polychromatic neutron beam. It was shown that the 
mosaicity is conveniently given by the Gaussian 
function of the neutron transmission trough the crystal 
as a function of the angle θ which corresponds to the 
neutron wavelength λ (λ=2dsinθ, d-the distance 
between planes in the crystal). The minimum of the 
Gaussian function θc is the rotation angle of the 
crystal in respect to the initial polychromatic neutron 
beam direction for which the corresponding 
wavelength λc is the most atenuated by the crystal. 
Using at least two crystals and changing the value θc 

of each crystal enables an extraction of the wanted 
wavelength λ (Fig 3). 
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Fig 1. Comparison of the experimental data (HMI, PSI) with 
theoretically evaluated data (CRIPO) for Fe and Cu. The 
presence of textures are shown. 

                  
 
Fig 2. Left: Neutron image of X-type of weld at a single 
energy. Right: Optical image of the same weld. The difference 
in the images is clearly shown. 

   

all λ values λi 

1 2

θc1 θc2 

 

10 15 20 25 30 35 40 45 50 55 60
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

T
0i

Tch
i

θ
i
 (λ

i
)

θ
c2i

Tr
an

sm
is

si
on

 T

θ [o] 

 T of the first crystal
 T of the second crystal
 T of the crystal pair

θ
c1i

 
 
Fig 3. The principle of the extraction of the wanted wavelength 
λi from the initial polychromatic neutron beam. Transmissions 
of single crystals are given by their mosaicities (red and blue 
lines). The resulting transmission of the crystal pair is shown 
with open symbols. 
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In a previous study [1], magnetic-field-induced 
strain (MFIS) had been measured for a Ni-Mn-Ga 
single crystal in a rotating magnetic field of 0.97 
T for a total of 100 million cycles. The MFIS 
increased from below 0.5% during the first 
20,000 magneto-mechanical cycles to above 
1.2% at 250,000 cycles. After a maximum MFIS 
of 2.1 % at 0.6 million cycles was reached, the 
MFIS decreased slowly and stayed nearly 
constant for the final 30 million cycles. After the 
test was stopped, cracks were found on the 
surface of the sample. In the present work, these 
cracks were examined using x-ray micro 
computer tomography and optical microscopy.  
The sample was examined for cracks with micro 
computer tomography (Fig. 1) and optical 
microscopy (Fig. 2) after it had been cycled for 
100 million cycles in a 0.97 T magnetic field.  

 
 
Figure 1: Micro computer tomography 
micrographs after 100 million magneto-
mechanical cycles. Slice (a) represents a cross 
section close to the surface of the sample, slice 
(b) a cross-section in the center of the sample, 
and slice (c) a cross-section at the side opposite 
to slice (a). 
 
In the lower and upper quarter of the sample, all 
cracks are found to be parallel to each other, 
while in the center, cracks are also seen that are 
perpendicular to each other. The distance 
between parallel cracks longer than 1 mm is 0.5 
mm or more. All cracks form an angle of 
approximately 45° with the lateral surfaces and, 

therefore, are parallel to {110}. The micro 
computer tomography slices reveal pores in the 
sub-100 µm range marked with arrows in Fig. 1 
(a). However, pores do not seem to be 
nucleation sites of cracks. Fig. 1 (c) is a slice 
taken close to the surface shown in Fig. 2.  
 

 
 
Figure 2: Optical micrograph of the surface after 
100 million magneto-mechanical cycles.  
 
Cracks are visible over the entire surface, with a 
higher density in the center of the sample. A 
static magneto-mechanical experiment 
(performed at Boise State University) with linear 
magnetic field is showing a recoverable strain 
increasing from less than 1% at 0.3 T to 5.9% at 
1 T. These results were submitted for publication 
[2]. 
MC acknowledges funding from DFG SPP 1239 
and the US Department of Energy, Office of 
Basic Energy Sciences Contract DEFG-02-
07ER46396. 
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In a previous study [1], magnetic-field-induced 
strain (MFIS) had been measured for a Ni-Mn-
Ga single crystal in a rotating magnetic field of 
0.97 T for a total of 100 million cycles. After a 
maximum MFIS of 2.1 % at 0.6 million cycles 
was reached, the MFIS decreased slowly and 
stayed nearly constant for the final 30 million 
cycles. After the test was stopped, cracks were 
found on the surface of the sample. In the 
present work, these cracks were examined 
using x-ray micro computer tomography [2].  In 
this study, the dependency of initial thermo-
mechanical training was investigated on four 
samples. The micro computer tomography 
instrument uses a Hamamatsu flat panel 
detector and a micro focus tube with 100 kV 
acceleration voltage and a spot size of 7 µm. A 
200 µm beryllium and a 1 mm aluminum filter 
were used to define the energy-range of the x-
ray spectrum. The micro computer tomography 
slices reveal pores in the sub-100 µm and 100 
µm range marked before (a) and after (b) 
thermo-mechanical training for all samples 
(sample 1 shown in Fig. 1, sample 3 in Fig. 2) 

 
 

Figure 1: Micro computer tomography 
micrographs of sample 1 before (a) and after 
(b) thermo-mechanical training. 

It is very interesting that no growth of cracks 
and no initialization of new cracks at pores, 
edges or other parts of the sample is visible 
after the thermo-mechanical training. Further 
investigations regarding subsequential 
mechanical training as well as magneto-
mechanical cycling have to be performed to 
detect the crack initialization point of time that 
leads to cracks seen in [2]. 

 
 

Figure 2: Micro computer tomography 
micrographs of sample 3 before (a) and after 
(b) thermo-mechanical training. 
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Objectives  
The goal of the proposed experiment is the 
verification of enhanced neutron transmission 
through strong absorbing boron alloyed steels 
caused by hypothetical boron inhomogeneities as 
expected from our Monte Carlo simulations. An 
intense monochromatic beam was chosen to avoid 
beam hardening effects and to reduce background 
effects. 
 
Achievements 
The transmission measurements at V12a were 
successfully performed up to a thickness of 11 mm 
at a neutron wavelength of 0.5244 nm, and then the 
transmission through the boron alloyed steels 
reached the background limit. We found systematic 
deviations from the exponential transmission law, 
as expected from our Monte Carlo simulations. 
Then we repeated the measurements using a 
collimator in front of the samples and placing the 
steels directly on the scintillator screen to achieve 
the best spatial resolution of 200 micron. No 
difference in the transmission curves were found, 
this proves that scattering corrections are negligible 
in the strong absorbing steels. We also found no 
regions of reduced absorption in the steel. This 
confirms previous measurements at the Atomic 
Institute with thermal neutrons down to 100 µm 
resolution. We could repeat transmission 
measurements at a wider wavelength range from 
0.25 – 0.52 nm at CONRAD instrument V7. First 
results at 0.25 nm wavelengths are promising even 
at 11 mm thickness we achieved sufficient 
transmission above the background limit. In all 
measurements pronounced deviations from the 
exponential transmission law have been detected.  

Fig.1. Left; the transmission values for one plate 
with 0.137 cm thick scanned from 0.25 to 0.6 nm 
neutron wavelength at CONRAD instrument 
compared with calculated exponential law and 
simulated transmission values versus given 
wavelength while the deviation from exponential 
law is clearly detected. Right; transmission of boron 
steel alloy plates with monochromatic neutron 
beam at 0.5244 nm compared with simulated model 
which describes inhomogeneities of boron 
distribution in steel matrix. 
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Fiber reinforced ceramic matrix silicon carbide 
composites (SiCf/SiC) are ideal candidate 
materials for fusion reactor and high 
temperature structural applications because of 
their radiation resistance and high-temperature 
stability. Porosity within the SiCf/SiC composite 
materials arise due to manufacturing process 
and can not eliminated with any procedure. 
The porosity reduces most of the outstanding 
properties of the composites such as thermal 
conductivity and stability. Therefore, it is 
necessary to characterize the type of the 
porosity in the composites to increase the 
stability and life time under harsh environment. 
In this work the high temperature 
performances of the SiCf/SiC composites have 
been investigated using ultra-small angle 
neutron scattering (USANS).  The structure 
change of the composites has been resolved 
before and after heat treatment.  Four 
conditions were studied to understand high 
temperature effect on the composites, heat-
treated at 1200 °C for 5 and 8 hours, heat 
treated at 1700 °C for 1 hour and at 1900 °C 
for 1 hour. 
 
First, one heat-untreated composite was 
measured. The same composite was 
investigated again under identical 
measurement condition after heat-treated at 
1200 °C for 5 and 13 hours to understand the 
microstructure change within the composite. 
We observed that the microstructure of the 
composite was not significantly altered with 
increasing treatment time as seen in Figure 1. 
The three scattering curves are similar in the 
whole q-range. Subsequently, the composite 
was heat -treated at 1700 °C and 1900 °C for 1 
hour. The scattering at the lowest Q values is 
related of the larger pores, and from the small 
pores at low Q. Figure 2 shows progressively 
increases scattering from small pores at 
middle and high Q values with increasing heat-
treatment temperature from 1200 °C to 1900 
°C.  As a result the heat treatment processes 
give rise to decrease the amount of large 

pores within the composite, i.e the population 
of the small pores increases with increasing 
temperature from 1200 to 1900 °C. 
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In order to improve the level of knowledge 
concerning the causes of distortion an intensive 
characterization of residual stress states in parts is 
done by XRD. However, this method is not able to 
give information from the bulk without any 
destructive operations. Neutron diffraction method 
was therefore required for complementary 
investigations. The aims of the conducted 
experiments were to characterize the residual 
stress state in machine components for the 
validation of FEM calculations and additionally to 
receive more information on the active mechanisms 
responsible for the distortions.  

Discs 
This geometry is studied as a simplified model for 
gears. The first RS measurements were made on 
the machined state (turned). A grid of points along 
the radius of the disc and for several axial positions 
with a total number of 33 positions was measured 
in axial, radial and hoop direction. One problem 
occurred during the measurement of the radial 
component.  Measurements were done through the 
aluminium sample holder for several positions and 
contrarily to our assumption; this caused a 
displacement of diffraction lines leading to unusable 
data. A reiteration of these measure-ments with an 
appropriate sample holder is necessary to conclude 
precisely on the residual stress state. However, it 
could be seen that variations of the peak positions 
were present along the radius, which could be due 
to the inhomogeneous chemical composition 
(presence of banded structure) or to micro RS. 
Complementary measurements are required to 
clarify these assumptions. 
A hardened disc has also been measured and the 
results obtained may explain the origin of so called 
“dishing” phenomena occurring during the 
hardening process of these discs. As presented in 
Figure 1 the RS distribution is very inhomogeneous 
and may be correlated to the fibre flow pattern of 
the cross section. Complementary investigations 
will be necessary to confirm these results especially 
in measuring a spray formed disc presenting a very 
homogeneous macrostructure. 
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Figure 1: Residual stress measured along the radius of a 
hardened disc and the corresponding macrostructure 

Rings 
Cylindrical and tapered rings were measured in 
different material states. Results obtained for the 
machined state confirm the tendency already 
observed in previous experiments. The residual 
stresses produced during turning are confined in a 
very small surface layer of several hundred microns 
and the bulk of the material is not affected (almost 
no residual stresses are present). The RS states in 
retained austenite and martensite have also been 
measured in a hardened tapered ring but only at 4 
positions. The comparison with FEM calculations 
will require some more measurements along the 
cross section.  

Instrument 
Thanks to the improvement of the E3 instrument, 
500 measurements could be performed during the 
allocated beam time of 8 days. That is why we 
would like to especially thank the BENSC crew. 
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30/10/2007 – 06/11/2007
18/02/2008 – 24/02/2008
23/07/2008 – 24/07/2008

  Date of Report: 18/08/2008 
 
Motivation 
Monofilament reinforced composites are used 
as high conducting heat sink materials in novel 
fusion reactor systems. A low coefficient of 
thermal expansion is important to reduce 
thermal fatigue damage during operation. High 
conducting copper is reinforced with SiC fibers. 
Titanium interface coatings are developed to 
improve bonding quality resulting in an 
improved thermal stability of these systems. 

Experiment 
Residual stresses caused by a big thermal 
expansion mismatch between copper and the 
SiC fibers show the bonding quality and matrix 
damage during thermal cycling. In situ stress 
measurements were made on the E3 
instrument during cycling up to its operation 
temperature. For this purpose cylindric 
CuCrZr/SiC/10-30m samples with different 
interfaces and fiber volume fractions were 
heated up to 550°C with a thermocoax and the 
stresses in the copper matrix were measured 
under similar conditions. 

Results 
Compressive matrix stresses during the first 
two cycles in the CuCrZr of up to -500 MPa 
were generated (Fig.1 left). The stresses in the 
sample without Ti interlayer decreases after 
the first cycle.  

 
Figure.1.: 

 
Residual stresses evaluated during 2 cycles between RT 
and 550°C in fiber direction. After 50 cycles on the right. 

The same samples were cycled 50 times ex 
situ between RT and 550°C and measured 
under similar conditions again (Fig.1 right). 
The stress amplitude shows a low decrease 
from ~700 MPa to ~600 MPa and the mean 
value shifts up out of the compressive regime 
to almost 0. 
Figure.2.: 

 
A SEM image of extruding fibers on the sample surfaces. 
Fiber fragmentation in the MFRM can be expected. 
During thermal cycling fiber extrusion could be 
investigated (Fig.2). On both ends of the 
samples the fibers got extruded from the 
surface due to fiber fragmentation during 
thermal cycling. 

Conclusions 
High amounts of residual stresses (~600MPa) 
are built up in the CuCrZr matrix. The un-
coated fibers show stress relaxation caused by 
debonding already in the second cycle. The Ti 
coated fibers prove thermal stability. A shift of 
the stress mean value during cycling is a result 
of plastic matrix deformation. Thermal fatigue 
damage is caused by debonding as well as 
fiber fragmentation. The residual stresses are 
not significantly affected by fragmentation. 
Complementary in situ synchrotron 
tomography will be made to investigate the 
fiber fragmentation process during cycling. 

Acknowledgement 
This research project has been supported by the European 
Commission under the 6th Framework Programme through the 
Key Action: Strengthening the European Research 
Infrastructures.    

Contract n°: RII3-CT-2003-505925 (NMI 3). 
Least but not last I would like to thank Tobias Poeste and Robert 
Wimpory for their professional support at the E3 instrument. 

231



EXPERIMENTAL REPORT Proposal N° MAT-01-2260
Instrument E3 Micro stress accumulation in multiphase 

superalloys Local Contact  
Robert C. Wimpory 

MAT-01-2260  // k.denzer  //  03.02.09  Seite 1 von 1 

 

Principal Proposer: J. Repper, FRM II, TU München, D-85747 
Garching Date(s) of Experiment 
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EXPERIMENTAL. All measurements were made 
on tensile test samples of IN718 as shown in 
Figure 1. We explored three sample sets differing 
in microstructure. The first set consists of 
samples made from ingot material of IN718 used 
in industry (Sample AZ). The other two sample 
sets consist of thermal treated ingot material. 
The first thermal treatment propagates the 
precipitation of the brittle δ-phase (Sample 112). 
The second treatment (Sample 118) is equivalent 
to the standard treatment of IN718 also used in 
industry and propagates the precipitation of γ’- 
and γ’’- phases. The measurements on all three 
sample states were carried out at the neutron 
residual stress diffractometer E3 at BENSC at 
HZB with a 50kN stress rig from FRM II, 
Garching. The wavelength  was λ  = 1.486 Å with 
a gauge size of 4 x 4 x 6 mm³. Due to the 
restricted 2θ range of the instrument set up only 
four Bragg reflections of the fcc Ni-matrix ((200), 
(220), (311), (222)) were observable. The 
scattering angle coverage of the detector allowed 
the observation of one Bragg reflection per 
measurement only. Therefore, four identical test 
specimen for each sample state were used to 
investigate the behaviour of four Bragg 
reflections. During the in situ measurements the 
applied load was increased continuously with a 
velocity of vF = 5 N/s.  
RESULTS AND DISCUSSION. The stress-strain 
diagrams for all reachable Bragg reflections and 
all three sample states could be measured. An 
example can be seen in figure 2. A macroscopic 
Young’s modulus of E = 194 ± 5 GPa was 
determined for all sample sets. The microscopic 
Young’s modulus could be determined for each 
crystallographic direction The values fit well with 
values for the microscopic Young’s moduli for a 
pure Nickel matrix calculated based on the 
Kröner model [1] using the XEC [2] program. The 
accumulated micro strains after a macroscopic 
unloading of the sample are determined. For all 
three sample states the reflections with the 
highest accumulated micro strains are the (200) 

(tensile strains) and the (220) (compressive 
strains) reflections. This result is in accordance 
with literature [3].  In contrast the results for the 
(311) and the (222) Bragg reflections. In these 
cases differences in the mechanical behaviour 
between the different sample states could be 
seen. 
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The requirements on cast parts especially in 
the automotive sector strongly have increased 
in recent years. Applications are e.g. engine 
blocks with different composite casting 
concepts like aluminium-magnesium [1] or cast 
iron-aluminium combinations. Due to different 
thermal expansion coefficients and cooling 
rates of the materials residual stress [2,3] and 
distortions occur during solidification. A DFG 
project [4]  deals with the evaluation of residual 
stress distribution in composite casting test 
specimens (see fig. 1).  
 

 
Fig. 1: test specimen consisting of steel insert 
(S235) and casted aluminium (AlSi9Cu3) 
 
Figures 2 and 3 show the strain in submerged 
steel ring in the casting (strain and stress 
respectively). Strain measurement in the 
aluminium was not possible due to grain size. 
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Figure 2. Strain in submerged steel ring 
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Figure 3. Stress in submerged steel ring 
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Motivation 
Diamond (CD) reinforced metals are 
investigated concerning their thermal 
properties to improve the performance of IGBT 
modules by a superior thermal management. 
Goal is to develop a MMC to substitude 
commonly used AlSiC with a composite of 
higher thermal conductivity and a comparable 
low coefficient of thermal expansion. 

Experiment 
In situ neutron diffraction during thermal cycling 
was made to evaluate the micro stress 
evolution during changing temperatures. 
Experiments similar to those on AlCD 
(FRM2/ESRF) were made on the CuCD 
system at E3 on HMI. 

Results 
The micro stresses in an Al/CD/60p composite 
with isolated particles are compared in Fig.1 
(left) to an AlSi7/CD/60p composite measured 
at the Stress Spec instrument on FRM2. 

 
Figure 1: Compressive stresses are generated during heating in 
the AlSi7 matrix by a connected network of CD-Si 
reinforcements. Tensile stresses dominate in the weakly bonded 
Al matrix. Changes in void volume fractions are due to stress 
induced matrix creep. 

Tensile stresses in Al/CD/60p are generated in 
the sample center regions where the particle 
concentration is higher than close to the 
surface. Small micro stresses at the interfaces 
are superposed. Compressive stresses 
dominate in the AlSi7 matrix. Two different 
types of reinforcement architectures are 
responsible: isolated particles in the Al/CD/60p 
and a system of a reinforcement network in the 

AlSi7/CD/60p with diamonds connected by Si 
bridges like in AlSi7Mg/SiC/70p. Synchrotron 
tomography (at ID19 on ESRF) was made to 
determine the changes in void volume fractions 
by stress induced matrix creep during thermal 
cycling shown in Fig.1 (right). 

The copper diamond system investigated on 
E3 showed high micro stress levels at the 
interfaces for good bonding superposing the 
macro stresses. Tension was identified during 
heating for weak bonding caused by 
macroscopic sample effects. 

 
Figure 2: Weakly bonding for the PM Cu/CD is proven by 
dominating macro stresses. Debonding after the first cycle can 
be observed for the squeeze cast CuB0.1/CD by a stress shift 
into the tensile regime. The stresses in the good bonded 
CuB6/CD appear more stable. 

Conclusions 
Diamond reinforced copper has promising 
thermal properties but the long term stability is 
problematic due to its reinforcement by isolated 
particles. The poor wettability of the diamond 
crystals with the copper matrix complicates the 
production. Boron content in the matrix was 
proven to increase bonding quality but does 
not connect the particles to a 3D network (like 
Si in Al). A good interface bonding alone is not 
sufficient to provide the thermal fatigue 
resistance under cycling thermal load. 
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  Date of Report: 04/04/2008 
 
With the aim to determine the residual stresses 
behaviour in CFC-Cu joining brazed to CuCrZr 
alloy, we have been carry out the diffraction 
measurements with the E3 instrument on two 
different samples. Each of these two samples is 
constitute by a two layer. The first one is graphite 
while the other layer is a Copper-Chromium-
zirconium alloy. These two layers are connected by 
a pure copper interface and other two interlayer of 
brazing alloy made by 87.75% Cu, 12% Ge and 
0.12% Ni of 60 μm thickness (fig.1). The difference 
between these two samples is that one of them was 
submitted to thermal treatment. The brazing process 
consists in a heat treatment at 970-980°C for 30 
min (heating rate 30°C/min), a rapid cooling 
(>1°C/s) from this temperature to 475°C, and a 
isothermal treatment at 475°C for 3h and finally an 
isothermal treatment at 350°C for other 3h in 
vaccum. 
 

 
Fig. 1 - Geometry of the samples and measured 
points in the CuCrZr alloy. Example of 
transmission measurements for stress in X 
direction, corresponding to the Longitudinal 
direction for the stresses. 
 
 
All the measurements have been executed with a 
beam wavelength of 1.486 Å and a gauge volume 
of 1x1x1mm^3, selecting the primary and 
secondary slit of 1mm. Concerning the d0 value for 
the CuCrZr alloy we have been carry out the 
measurements in a CuCrZr reference sample while 

for the graphite we have considered the value 
obtained in the point much far from the interface. 
The results obtained for the stress in CuCrZr alloy 
and graphite of the not treated sample are reported 
in the following graphs. To obtain the values of the 
stresses has been utilized the following mechanical 
parameters: E(CuCrZr)=137000(MPa) and 
υ(CuCrZr)=0,36. Concerning the elastic constants 
of CFC, the bulk ones were used because they take 
into account the fibre orientation, unlike the DEC 
for ( 101 ) reflection of graphite. Starting from the 
values of the elastic constant of CFC for each 
measured direction, the values of the compliance 
has been obtained and than the residual stresses was 
calculated.  
 

 
 
Fig 2 – Result for the stresses in the not treated 
sample. 
      

 
       
Fig 3 – Results for the stress in the treated sample 
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Experimental Team: Wimpory R., HMI, Berlin 
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17/03/2008 – 20/03/2008

  Date of Report: 14/05/2008 
 
The industrial reactor VVER-1000 vessel is 
covered by built-up stainless steel welding for 
corrosion resistance. Since the vessel is made of 
ferritic steel the ferrite - austenite interface forms 
residual stresses. Tensile stresses in ferrite can lead 
to corrosion cracking. So it is very important to 
know stresses under the built-up welding. 
In this investigation the residual strains were 
measured under interface in a template (Fig. 1) 
cutted from the real VVER-1000 reactor vessel. 
Normal residual strains perpendicular to the 
interface (see Fig. 1) and tangential ones were 
measured by E3 spectrometer. Data for normal 
component is presented in Fig. 2. It was assumed 
that two components of tangential strains (in x and 
y directions) are equal. So we measured residual 
strains only in x tangential direction (Fig. 2). 
The residual stresses under the built-up welding 
were calculated on the basis of measured data (Fig. 
3). These stresses are compressive in tangential 
direction which prevents fracturing in this direction. 
The stresses in normal direction are tensile and it 
can contribute to the possible exfoliation of 
stainless steel layer. 
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Fig. 1: Scheme of sample. 
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 Fig. 2:  Residual strains in normal and transverce 
directions. 
 

0 5 10 15 20 25 30 35

-40
-20

0
20
40
60
80

100

-150

-100

-50

0

50

100

150

Distance from interface austenit/ferrit, mm

Tr
an

sv
er

se
 s

tre
ss

N
or

m
al

 s
tre

ss

Fig. 3: Residual stresses in normal and transverce 
directions. 
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24/01/2008 – 27/01/2008

  Date of Report: 13/01/2009 
 
A textured Mg AZ31 sample has been 
investigated using neutron diffraction and 
Bragg edge transmission. The crystallographic 
orientation distribution was analysed on E3 
(BER-II) as well as on STRESS-SPEC 
instrument (FRM-II) by the conventional 
diffraction method. The sample (shown in 
figure 1) was cut into two similar pieces to 
allow parallel studies using Bragg edge 
transmission on CONRAD (V7) [1].  

 
Figure 1: Extruded Mg AZ31 sample - RD, TD and ND 
represent the rolling, transverse and normal direction. 

 
The extruded specimen was expected to have 
local texture changes around the bend. 
Therefore, we selected three different local 
positions around the bend, as indicated in 
figure 1, to capture the crystallographic 
orientation information. A Eulerian cradle 
supported by an integrated x-y-z-table was use 
to drive to the selected positions. The 
measured diffraction intensities have been 
transformed into pole figures (see figure 2) to 
visualise the local texture changes. 
The resulting pole figures show the orientation 
variation depending on the local position. The 
first pole figure shows the basal planes being 
arranged perpendicular to the rolling direction 
(RD), which changes with position as can be 
seen in the second pole figure. If we re-
arrange the coordinate system by changing 
normal and transverse direction for the 3rd 
position (see TD and ND labelling in the last 

pole figure), similarities to a cold rolling texture 
[2] can be seen. 
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Figure 1: Pole figures of (002) reflection showing 

the measurement position 1, 2 and 3. 
The results of this measurement providing the 
dataset of a sample local texture changes will 
be used as a reference to promote the 
development of the Bragg edge transmission 
method mentioned above. 
[1] M. Boin, BENSC report, MAT-04-1633-EF 
[2] A. Styczynski et al. / Scripta Materialia 50(2004) 943–947 
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Experimental Team: M. Sc. Jeremy Epp 
 Dr. Ing Tobias Poeste 
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Dr. Robert Wimpory 

24/11/2008 – 01/12/2008

  Date of Report: 15/01/2009 
 

Neutron diffraction experiments have been 
done on several discs made of carburizing 
steel 20MnCr5 after heat treatment. The aim of 
the investigations was to control the residual 
stress state of the discs after case hardening 
and blank hardening. The results obtained 
were compared to those obtained for the 
previous experiment (MAT 01-1987), which are 
presented in figure1. These results are from a 
blank hardened disc which has been quenched 
in gas nozzle field.  
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Figure 1: Residual stresses along the radius of a blank 
hardened disc and the corresponding macrostructure 

The distribution of the residual stresses along 
the radius presents a strong drop 15mm from 
the surface. The cause of this distribution may 
be the inhomogeneous macrostructure 
obtained after forging, or the quenching 
process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Heat transfer coefficients at the surface of 

a disc quenched in gas nozzle field  

Figure 2 presents the heat transfer coefficients 
obtained for the quenching in gas nozzle field. 
Every red area corresponds to a nozzle. 
Strong differences in cooling rates are present 
between the zones, which could induce the 
creation of discontinuous residual stresses 
distribution.  

Other discs which were not quenched in gas 
nozzle field, but with a gas streaming coming 
from the lateral area of the discs were 
investigated. Residual stress distributions 
presenting a drop like shown before were not 
found.  In figure 3, the residual stress state 
measured along the radius of a case hardened 
disc is presented with the corresponding 
macrostructure. Only small periodic variations 
can be seen, but no drop. The variations may 
come from the chemical and microstructural 
inhomogeneities (banded structure), which can 
induce different stress-free lattice spacing.  
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Figure 3: Residual stresses along the radius of a case 
hardened disc and the corresponding macrostructure 

The fact that no similar residual stress state 
could be observed for both discs indicates that 
the quenching process may be the cause of 
the different distributions. 
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EXPERIMENTAL REPORT Proposal N° MAT-01-2432
Instrument E3 Measurement of reference d0 samples for 

improved residual stress characterisation of Al 
alloys 

Local Contact  
Robert Wimpory 
  

Principal Proposer: J.S. Robinson, University of Limerick, Ireland Date(s) of Experiment 
Experimental Team: J.S. Robinson, University of Limerick, Ireland 
 Robert Wimpory, HZB, Berlin 
  

02/10/2008 – 08/10/2008

  Date of Report: November 2008 
 
Four high strength heat treatable aluminium 
alloy IDHD cores were examined on the E3 
instrument at HMI between the 2nd and the 8th 
of October 2008. The lattice parameter 
variation along all 4 cores in three orthogonal 
directions was measured. The {311} aluminium 
matrix peak was used for all measurements. A 
gauge volume of approximately 3x3x3mm3 
was used for all measurements as it was found 
this volume gave an acceptable diffraction 
peak in a reasonable length of time (~800-
1400 seconds). 
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The lattice parameter was found to vary along 
the length of the cores. When converted to an 
equivalent residual stress (assuming a 
constant d0) the stresses were found to vary 
between -100 and +100 MPa although this 
was dependent on the alloy type with the more 
quench sensitive 7075 displaying the greatest 
variation for edge to centre. 
 
In addition, a Jominy end quench sample was 
measured with a known cooling rate variation 
along its length (fig. 1). Multiple measurements 
were made on this sample to assess the 
quenched end face residual stress in some 
detail. This will enable comparison with x-ray 
residual stress measurements to be made. 
The “pseudo” strain effect from the gauge 
volume emerging from the sample was also 
assessed for the Jominy sample to permit the 
“real” effect of the cooling rate on the lattice 
parameter to be determined close to the edge 
of the sample (Fig. 2). 
 
All measurements were analysed and 
converted to strains and stresses at the HZB 
during the 6 days of beam time. There were no 
problems with hardware or software and the 
experiment was successful. It is anticipated 
these data will be incorporated into two journal 
papers to be submitted in 2009. 

 
 

Figure 1. Jominy end quench sample 
 
 

 
 
Figure 2. Variation in residual stress along the 

Jominy end quench sample 
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Instrument E3  

Residual strain/stress distribution in friction stir 
welded aluminium plates 

Local Contact  
Robert Wimpory 
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Principal Proposer: Fabrizio Fiori, Univ. Politecnica delle Marche Date(s) of Experiment 
Experimental Team: Vittorio Calbucci, Politecnica delle Marche
 Adrian Manescu, Politecnica delle Marche 
 Robert Wimpory, HMI Berlin 

30/08/08 – 07/09/08 

  Date of Report: 23/09/2008 
 
With the aim to determine the residual stresses 
behaviour in two different aluminium alloys plates, 
each of them realized by joining two plates of the 
same alloy by Friction Stir Weld, we carried out 
diffraction measurements using the E3 
diffractometer. The first sample was a Al-6056 
alloy while the second specimen was a Al-2139 
alloy, differing from the first also for the Friction 
Stir weld parameter, like the pin velocity. In each 
sample has been considered one line in the middle 
of the sample and in each line 25 point were 
measured.  
 
 

 
Fig. 1 - Geometry of the samples and measured 
points in the FSW alloy. In the picture are also 
reported the measured directions. 
  
All the measurements have been performed with a 
beam wavelength of 1.486 Å and a gauge volume 
of 1.5x1.5x1.5mm^3, selecting primary and 
secondary slits of 1.5mm. As two theta, we 
considered the value 2θ = 74.6°, which corresponds 
to the (311) Aluminium reflection. Assuming a 
biaxial stress field (due to the sample geometry), 
the strain/stress state was determined in the 
longitudinal and transversal direction, with respect  
to the weld seam (x and y in fig.1, respectively). 
The unstrained interplanar distance d0 was obtained 
by imposing, for each measured point, the stresses 
in the z direction to be zero: 
 

 
 

              
)1(

)()1(
0 ν

νν
+

++−
= yxz ddd

d  

 
To obtain the stress values we used the following 
mechanical parameters: E = 69GPa and υ=0.35. 
 
In the figure 2 below, we plotted the evolution of 
the stresses across the welding for the Al-6056 
sample. 
 

 
 
Fig 2 – Residual stresses in the Al-6056 specimen 
      
The data analysis for the Al-2139 is still under 
evaluation. 
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EXPERIMENTAL REPORT Proposal N° MAT-01-2435
Instrument E3 Strain/stress analysis in Nb3Sn/metal matrix 

composite superconducting cables for nuclear 
fusion technology 

Local Contact  
Robert Wimpory 
  

Principal Proposer: Adrian Manescu, Univ. Politecnica delle Marche Date(s) of Experiment 
Experimental Team: Vittorio Calbucci, same as above 
 Robert Wimpory, HMI Berlin 
  

30/06/08 – 07/07/08 

  Date of Report: 23/01/2009 
 
The residual stress state was measured in Nb3Sn-
based superconducting strands, embedded in a 
metal matrix to form a sort of composite cable to be 
used for the future ITER fusion reactor. This stress 
state is mainly due to the difference in thermal 
expansion coefficients of the various materials in 
the composite. The average stress in the Nb / 
Nb3Sn strands and in the Cu / bronze matrix has 
been evaluated in different spatial directions and 
the experimental results will be used in order to 
validate models developed to simulate the material 
performance under operating conditions in the 
ITER environment. 
The measurements were performed on the E3 
diffractometer. Two different specimens were 
investigated during the experiment, one having 9 
strands embedded in a bronze matrix and the other 
having 48 strands (16 of them being empty strands 
– just the bronze matrix). SEM images of these two 
samples are reported in Fig 1. 
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Fig. 1 – SEM images of the 9 and 48 strands 
specimens. 
 
Axial symmetry was assumed due to the geometry 
of the specimen, so that it was sufficient to 
determine the interplanar distance d  for only two 
different orientations: the axial and the radial one. 
The unstrained interplanar distance has been 
evaluated assuming the cylindrical symmetry and 
the existence in the wire of a longitudinal stresses 
induced by the extrusion treatment. In this case has 
been possible to use the Poisson relation 

ar νεε −=  between the axial and radial strains. 
Solving this formula the relation for the d0 in 
obtained: )1/()(0 νν ++= ar ddd .  

For the 9 strands specimen the measurements were 
done in 2 different positions along the z axis, while 
for the 48 strands specimen 3 different positions 
were considered.  
In Table 1, the residual stresses in the axial and 
radial directions for the two z positions in the 9 
strands specimen are presented.  
 

Material Position aσ  
[Mpa] 

aδσ  
[Mpa] 

rσ  
[Mpa] 

rδσ
[Mpa] 

z = 40 -96 11 -16 7 
Bronze 

z = 2 -37 7 11 6 

z = 40 -42 30 215 34 
Cu 

z = 2 -209 32 -166 30 

z = 40 -156 16 22 17 
Nb 

z = 2 -119 15 45 16 

z = 40 379 21 -42 14 
Nb3Sn 

z = 2 318 18 -35 12 

 
Table 1. Residual stress in the axial and radial 
directions for the 9 strands specimen 
 
These results show a relatively large difference in 
strain and stress values obtained in the two different 
sections that we analysed, especially for the Cu and 
bronze reflections. This might be due to the non-
uniform structure of the specimen (the strands are 
twisted during manufacturing).  
The same behaviour (even more pronounced due to 
a higher non-uniformity introduced by the 16 
“empty” strands) was observed for the 48 strands 
specimens. 
Moreover, d0 determination needs further analysis. 
An option would be to perform a measurement 
using the so called sin^2psi technique that allows 
the evaluation of the residual stresses without the do 
value.  
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MAT-01-2440-EF 

Instrument E3 Measurement of residual stress in drawn 
wires Local Contact  

Robert Wimpory 
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Principal Proposer: Robert C. Wimpory (HZB) Date(s) of Experiment 

Experimental Team: Robert C. Wimpory (HZB), Peter Tierman and 
Noel O´Dowd (University of Limerick) 

  
  

07/07/2008 – 10/07/2008
19/12/2008 – 20/12/2008

  Date of Report: 12/01/2009 
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MAT-01-2442-EF 

Instrument E3 Mosaic width as indicator of crystal quality 
during the life of Ni-Mn-Ga single crystals Local Contact  

Robert Wimpory 
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Principal Proposer: 
Markus Chmielus (HZB), Katharina Rolfs (HZB),  
Peter Müllner (Boise State University),  
Rainer Schneider (HZB) 

Date(s) of Experiment 

Experimental Team: Robert Wimpory (HZB) 
 Tobias Poeste (HZB) 
 Markus Chmielus (HZB) 

04/12/2008 – 14/12/2008

  Date of Report: 14/01/2009 
 
Magnetic shape memory alloys (MSMA’s) tend 
to deform up to 10% in a rotating magnetic 
field [1]. However, this magnetic field-induced 
strain (MFIS) strongly depends on 
composition, crystal structure, crystal quality, 
and training. Additionally, samples with similar 
composition and training still show different 
MFIS and very different fatigue behavior. 
Therefore, it is of great importance to 
investigate the crystal quality after production, 
training, and magneto-mechanical cycling of 
the specimen. To quantify the crystal quality of 
a single crystal the mosaic width of structure 
peaks can be compared. Therefore, E3 was 
used to initially (not trained) analyze the 
structure (Fig. 1) and mosaic width of Ni-Mn-
Ga MSMA. The martensite structure could be 
identified as 14M. 

 
 

Figure 1: Neutron diffraction pattern of the 
specimen (self accommodated, 14M). 
 

After the initial structure and mosaic width 
analysis, the sample was thermo-mechanically 
(TM) trained at the HZB and the mosaic width 
was measured again. After that, five 

mechanical softening (MS) cycles followed at 
Boise State University, Boise, ID, USA, to 
reduce the twinning stress. The mosaic width 
was measured again at E3 and after several 
more compressions performed directly at E3. 
For a preliminary evaluation, the resolution of 
E3 is assumed as being 0.28° for the TTHS of 
the here evaluated (4 2 0) peak (Fig. 2). 
 

 
 

Figure 2: Preliminary evaluation of mosaic 
width at the initial (1st) condition, after TM 
training (2nd), after MS (3rd) and after additional 
compressions (4th). 
 

The preliminary evaluation is inconclusive. The 
mosaic width of the 2nd and 4th measurement is 
higher than the initial mosaic width but the 3rd 
is again similar to the 1st measurement. 
Additionally, the absolute measured FWHM is 
very close to the resolution of E3. Twinning 
leads to overlapping of peaks on the detector 
which leads to increased errors during data 
analysis. This indicates a good crystal quality. 
MC acknowledges funding from DFG SPP 
1239 and the U.S. Department of Energy, 
Office of Basic Energy Sciences, Contract 
DEFG-02-07ER46396. 
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EXPERIMENTAL REPORT Proposal N°  
MAT-01-2443-EF 

Instrument E3/E7 

Martensitic Structure of Co-alloyed Ni-Mn-Ga Local Contact  
Robert C. Wimpory 
  

Principal Proposer: Katharina Rolfs, Helmhotz-Zentrum Berlin für 
Materialien und Energie GmbH Date(s) of Experiment 

Experimental Team: Katharina Rolfs, HZB 
 Robert C. Wimpory, HZB 
  

02/08/2008 – 09/08/2008

  Date of Report: 15/01/2009 
 
The magnetic shape memory effect has been 
observed in several alloys like NiCoGa, FePd 
and FePt. The effect requires a high mobility of 
the twinboundaries in der martensitic phase as 
well as a high magnetic anisotropy. Ni-Mn-Ga is 
a material-system which  exhibits both 
properties. Since the magnetic field induced 
strain in Ni-Mn-Ga is, up to now, only reported for 
the non-stoichiometric ferromagnetic modulated 
tetragonal and orthorhombic structures, 
exhibiting a periodicity of 10 (10M) and 14 (14M) 
layers, respectively, the effect is limited by the 
phasetransition-temperature from the martensitic 
modulated structure to the cubic austenitic phase 
and the Curie-temperature.   

In order to increase both phasetransition-
temperatures, Ni-Mn-Ga was alloyed with 
different Cobalt-contents [1]. Using the Slag 
remelting and Encapsulation – technique [2] 
single crystalline samples with 5% and 6% 
Cobalt have been grown successfully. 

No. Co  

[at-
%] 

Ni  

[at-
%]  

Mn 
[at-
%] 

Ga  

[at-
%] 

Mn/Ga 

ratio 

1 6.2 44.4 28.3 21.1 1.34 

2 6.2 44.9 29.1 20.1 1.45 

3 4.9 45.1 30.9 19.1 1.62 

4 4.9 44.7 31.7 18.7 1.70 
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Table 1: Composition of Ni-Co-Mn-Ga samples 
determined at E3 and e7 

To determine the influence of Cobalt on the 
structural properties, the hk0 planes of several 
samples have been measured (see Table 1). 

  
Fig1. Hk0-plane of Ni44.7Co4.9Mn31.7Ga18.7

Two different martensitic structures have been 
determined at roomtemperature. Samples with a 
lower Mn/Ga ratio show a nonmodulated 
tetragonal structure, which is well known from 
several Ni-Mn-Ga.alloys. With increasing Mn/Ga 
ratio, the structure changes to a nonmodulated 
orthorhombic structure (see Table 2). However 
the volumes of the unitcells are slightly bigger 
than in Ni-Mn-Ga due to the size of the Cobalt-
atoms. 

Table 2: Unitcellparameters of Ni-Co-Mn-Ga 
samples 

The author appreciate the support of this work by 
grants of the Deutsche Forschungsgemeinschaft 
(SPP1239, grant No. Schn 1106/1). 

[1] V. Sánchez-Alarcos J. I. Pérez-Landazábal, 
V. Recarte, C. Gómez-Polo, J. A. Rodríguez-
Velamazán, Acta Materialia 56 (2008) 5370–
5376 

[2] A. Mecklenburg, S. Fiechter, H. P. Nabein, 
R. Schneider, DE102004018664A1 (2005) 

Sample a [Å] b [Å] c [Å] structure 

    1 6.54 5.49 5.49 tetragonal 

    2 6.52 5.62 5.52 orthorhombic 

    3 6.62 5.85 5.48 orthorhombic 

    4 6.29 5.73 4.79 orthorhombic 

14M       

   [10]     

6.10 5.85 5.56 Pseudoorthorh
ombic 
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Instrument E7 Residual strain-stress in anisotropic cold-rolled 
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Principal Proposer: Sumin V., JINR, Russia Date(s) of Experiment 
Experimental Team: Wimpory R., HMI Berlin 
 Sheverev S., JINR, Russia 
  

10/03/2008 – 20/03/2008

  Date of Report: 14/05/2008 
 
A common approach for strain and stress 
determination uses the so-called “  method” 
(Christenson & Rowland [1]). When intergranular 
stress exists, however, the “  versus ” may 
become strongly non-linear. Also the texture 
contributes significantly to this non-linearity. This 
gets to ambiguities in determination of strain-stress 
tensors.  Popa & Balzar [2] proposed an alternative 
method to accurately model diffraction line-shift in 
a Rietveld refinement program for all Laue 
symmetries without making Voigt or Reuss 
approximations. They defined a texture-weighted 
strain orientation distribution function (WSODF) 
and performed the spherical-harmonics analysis of 
this function for all crystal symmetries. 

Ψ2sin

d Ψ2sin

 
Zr-alloys with strong texture needs this method. As 
estimated earlier, Zr-samples have cylindrical 
symmetry of texture. The determination of strain 
tensor requires measuring only azimuthal 
dependence of dhkl - dhkl(γ). Measurements were 
performed on E7 spectrometer. 
 
Two studied samples have had difference in 
preceding handling: one (number 0) was only cold 
worked, another (number 1) underwent annealing at 
600 ºC after cold working. Measurements were 
carried out by revolving the sample in the plane of 
diffraction vector with the step of 10 degrees. 
Range of displacement came to 90 degrees: from 
the position where diffraction vector and axis of 
texture are parallel (0º) to the position where they 
are perpendicular. 
 
Annealed Zr1 and cold worked Zr0 samples 
showed quite different behavior in dhkl(γ) for all 
studied plains (100), (002) and (101) (Fig. 1 – 3). 
But in order to correctly calculate full strain tensor 
by method [2] we need to measure more other 
reflections. 
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Fig. 1:  dhkl(γ) dependence for (100) plane. 
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Fig. 2: dhkl(γ) dependence for (101) plane. 
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Fig. 3: dhkl(γ) dependence for (002) plane. 
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Instrument E3 TG4 Stress Relieved Specimen Measurements 
and grain size effect Local Contact  

Robert C. Wimpory 
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Principal Proposer: Robert C. Wimpory, (HZB) Date(s) of Experiment 
Experimental Team: Robert C. Wimpory, (HZB) 
  
  

14/11/2008 – 16/11/2008

  Date of Report: 13/01/2009 
 
The European Network on Neutron 
Techniques Standardization for Structural 
Integrity (NeT) facilitates the application of 
novel predominantly neutron-based techniques 
to structural integrity related questions 
applicable to processes/components relevant 
for nuclear power production [1]. The aim of 
the fourth Task Group (TG4) within NeT is to 
undertake 3-dimensional analyses of residual 
stresses in a three-pass slot weld specimen by 
both experimental and numerical means. 
 
The planned weld specimens consist of a plate 
with a groove filled with three weld beads. A 
total of 12 specimens will be produced of 
which 7 are available for round robin 
measurements (4 for non-destructive, 2 for 
destructive, and 1 for contour measurements 
and d0 and comb manufacturing) [2] 
 
The E3 measurements were the first to be 
made on the specimens, specimen 4-1A being 
a stress-relieved plate before the introduction 
of welding. The aim was to see if the 
manufacturing stresses had been indeed 
relaxed.  
 
A gauge volume of 3×3×3 mm3 was used on 
the austenitic (311) reflection. It was found that 
the specimen was strain and hence stress 
free. The specimen was grainy with a typical 
standard deviation of 0.0125 degrees about 
the strain free 2θ angle compared to a fitting 
uncertainty of 0.008 degrees. Simulation of the 
grain size effect (figure 1) shows that 0.0125 
corresponds to 33 grains being seen within ± 
1SD under the Bragg peak (=±0.147 degrees 
in this case). The probability of a grain 
appearing within ± 1SD on the detector has 
been estimated to be 1 in 488 (for hkl 311, 
multiplicity 24). Therefore the grain size can be 
estimated to be ≈(gauge volume/number of 
grains)0.333. This is ≈ (30003/488/33)0.333 ≈ 120 
microns. This agrees well with the actual size 
of the grains observed [3]. 
 

It was found that rocking the specimen 
appeared to average things out a bit better. In 
this case the average fitting errors agreed 
better to the overall standard deviation of each 
data set.  
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Figure 1. Simulation of grain size uncertainty 
on E3 
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Instrument V7 Identification of Hidden Object of 

Archaeological Interest 
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Principal Proposer:  
 R. Triolo, University of Palermo Date(s) of Experiment 

Experimental Team: 
 

V. Benfante  
R. Triolo,  
I. Sciacca,  
I. Ruffo 

  
  

15/03/2007 – 18/03/2007
19/05/2007 – 26/05/2007
10/04/2008 – 17/04/2008 

  Date of Report: June 2008 
 
 When objects of artistic or archaeological interest are 
studied, the fragility, the historic and even the economic 
value of samples analyzed must be taken into account. 
Neutron tomography in conjunction with other methods 
(i.e. neutron diffraction), seem to be an useful technique 
for testing objects of artistic or archaeological interest. 
Neutron tomography (NT) is a non invasive technique 
and thermal neutrons are able to penetrate thick layers of 
sample. Therefore, samples of greater mass than the ones 
allowed with other probes can be investigated. Recently 
at the University of Palermo (Italy) we have started a 
research program with the aim to obtain tomographic 3D 
reconstructions on a selection of ancient artillery and 
other objects recovered from ship wrecks in several 
locations close to Sicily shoreline (Sicily channel and 
Tyrrhenian sea). In particular some of these ship wrecks 
have been found near the south coast (approximately 1 
mile from the shoreline) where there is, still nowadays, a 
very dangerous cliff (Scoglio della Bottazza). Most of 
the objects found belong to ships operating in the 
Mediterranean sea between  the 4th  century A.D. and the 
17th century A.D.. Indeed near Scoglio della Bottazza, in 
shallow waters, it has been possible to spot, during a   
preliminary investigation, part of the artillery weapons 
and other arms used for self defense. The artillery parts 
recovered are clearly indicating that we are in presence 
of bulky metallic objects embedded in a thick calcareous 
concretion matrix (sea shells in many cases are clearly 
visible). Typical objects are swivel guns, long range 
cannons, various ammunitions and connection parts very 
well conserved, swords and simple parts.  
We have performed measurements on a large number of 
small finds and on the handle of a sword for which little 
information was available because of the thick 
calcareous concretion surrounding the arm. The sword is 
made of three pieces (the handle and two additional 
pieces which should make the entire arm). Surprisingly 
clear images of the handle have been obtained, despite 
the difficulty of the experiment given the strong 
adsorption of the find which would have prevented the 
use of other probes. Even in such difficult experimental 
conditions Neutron Tomography (NT) has shown to be 
of extreme importance for obtaining the digital 3D 
reconstruction of the objects before the restoration work. 
In the following figure (Fig. 1) the reconstructed image 
(right) is the result of 3D reconstruction by using 2D 
projections (shown in the middle) taken at equidistant 

rotation of the sample at 180 degrees. The original 
handle is also shown on the left. More data are being 
analysed, and more experiments are needed on the 
remaining pieces. Still there are many other objects that 
need to be recovered from the sea and the NT technique 
might help in building a database for identifying the 
correct historical frame period. 

 
Fig.1 Investigation of late roman sword (left) by NT 
technique. A two-dimensional transmission image by 
neutrons is shown in the middle. A single slice from the 
3D-tomographic volume is shown on the right. The color 
scale corresponds to the presented attenuation 
coefficients for neutrons from blue (hollow space) to red 
(iron). The green part represents the distribution of 
diffused iron (Iron oxide).   

 
Fig. 2 The three parts of the sword were investigated by 
neutron tomography. The inner structure of the preserved 
layers under the thick calcareous concretion matrix is 
clear visible. 
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Principal Proposer: C. Neumann – HU Berlin Date(s) of Experiment 
Experimental Team: N. Kardjilov – HMI, Berlin
 A. Hilger – HMI, Berlin 
  

03/11/2007 – 06/11/2007

  Date of Report: January 2008 
 
Introduction 
Neutron and x-ray computed tomography methods were 
used for morphological investigation of fossil and recent 
traces and malformations produced by endoskeletal 
symbionts in the hardparts of their echinoderm hosts. 
The non-destructive visualization of these traces 
provides clues for the evolution of host-symbiont 
systems in deep time. Application of neutron 
tomography proved to gain the best results from fossil (= 
diagenetically altered) samples (fig. 1) whereas high-
resolution micro-focus x-ray tomography achieved very 
good results from recent samples (fig 2).  This way the 
advantages of the two techniques were demonstrated. X-
rays provide high spatial resolution for density changes 
in small samples (1-2 cm) while the neutrons help to 
transmit bulky samples of up to 10-20 cm and provide 
unique contrast for hydrogenous minerals.  
Experiment 
The neutron tomography experiments were performed at 
V7 (CONRAD) instrument using its dedicated high-
resolution option providing a spatial resolution of 100 
µm/pixel.  
The X-ray tomography investigations were performed at 
the new CT scanner having a micro-focus tube of 150 
keV and beam spot size of 5 µm. The achieved spatial 
resolution was between 20 µm and 30 µm (flat-panel 
detector) in dependence on the used magnification ratio 
provided by the cone-beam geometry.  
For each sample a defined number of projection images 
over 360° rotation angle was used – 300-600 projections 
in case of neutron tomography and 600-1000 in case of 
X-ray method.  
The obtained data were reconstructed by filtered back-
projection algorithm [1] and visualized and processed by 
volume rendering software VG Studio Max 2.1[2]. 
Results 
The complementarity between X-ray and neutron 
tomography was proved in the first step. Best contrast 
was achieved in bulky fossil samples by neutron 
tomography when the symbiont-produced cavity in the 
calcitic host skeleton was filled with a silicilastic matrix 
(fig 1). In this case, only poor results were achieved 
using x-ray tomography. In contrast, high resolution x-
ray tomography is more applicable measuring recent 
(=less dense) samples (fig. 2) where excellent results 
reveal details even of the ultrastructure of the host 
skeleton. 
 

          
 
Fig. 1 left: External view of a crinoid stem (15 mm in 
diameter) of Rhodocrinites from the Early Carboniferous of 
England infested by the endosymbiontic coral Cladochonus . 
right, Neutron tomography experiments revealing coral growth 
modus.  

         
Fig. 2 Male and female of the gall-inducing parasitic gastropod 
Sabinella sp. from West Australia. Micro x-ray tomography 
showing the parasites in situ in the host sea urchin spine (10 
mm in diameter). 
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Neutron Tomography (NT) experiments have 
been performed on three different woods 
treated with different impregnating solutions. 
One was a fir sample (A) while the other two 
were different kind of Oak Chestnut samples 
(B and C). Neutron Radiography has been 
performed “in vivo” during the uptake of the 
solutions. For the NT experiments dry or wet 
samples have been equilibrated with 10% 
solutions of PEG 400 (solution 1), PEG 1500 
(solution 2)  in D2O. Solution 3 is a 1:1 mixture 
of solution 1 and 2. 
 
Table 1 describes the experiments performed.  
Treatment Range of Attenuation 

Coefficient (cm-1) Volume %

Dry  wood A with
solution 1  

 1.90 - 2.78 11.0 

Dry  wood B with
solution 1  

 1.90 - 2.80 9.5 

Dry  wood C with
solution 1  

 1.90 - 2.89 11.0 

Dry  wood A with
solution 2  

 1.90 – 3.66 20.0 

Dry  wood B with
solution 2  

 1.90 – 2.65 4.5 

Dry  wood C with
solution 2  

 1.90 – 2.85 8.4 

Sample A - Wet
wood with solution 2 

 1.90 – 2.28 1.8 

Sample B - Wet 
wood equilibrated
with solution 2  

 1.90 – 2.36 1.0  

Sample C - Wet
wood with solution 2 

 1.90 – 2.37 0.6  

Sample A with
solution 3 

 1.90-2.23 1.7 

Sample B with
solution 3 

 1.90-2.27 4.0  

Sample C with
solution 3 

 1.90-2.91 22.0  

 
From the NT data the distribution of PEG 
inside the samples has been obtained. By 
comparing surface slices with inside slices it 
appears evident that the low molecular weight 
PEG (PEG 400) penetrates deeper and more 
uniformly than the high molecular weight PEG 

(PEG 1500). The latter has tendency to form 
layers on the surface of the samples. The 
following figure compares a surface slice and a 
centre slices for different samples and 
impregnating solutions. Further analysis is in 
process.  
                  Sample dry A equilibrated with PEG400 
                   Surface Slice                  Centre Slice 

               

 

  
 

Sample dry B equilibrated with PEG400 
                 Surface Slice                     Centre Slice 

                    
 

           Sample dry C equilibrated with PEG1500 
                 Surface Slice                    Centre Slice 
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  Date of Report: January 2009 
 
When buried in the ground or in water, wood is 
well known to decay under combined biological 
and chemical attack. A successful conservation 
strategy depends strongly upon the original wood 
structure and the kind of treatment. Here we 
report Neutron Tomography (NT) and Neutron 
Radiography (NR) measurements on several 
wood samples “naturally” and artificially 
deteriorated, before and after treatment with 
impregnating materials. In particular six Pine 
samples naturally deteriorated by the Brown Rot 
have been measured as received, then after 
solvent extraction and finally after equilibration 
with solutions of Klucel in D2O, Ethanol and 
Acetone and Colophony in Ethanol and Acetone. 
Figure 1 shows two internal sections of a wood 
sample before (left) and after(right) equilibration 
with a solution of Colophony in ethanol. From 
these sections the histograms derived are shown 
below. A clear increase of the component with 
high attenuation factor (the Colophony) is a 
consequence of the filling of the voids. Clearly, a 
comparison of the histograms of the different 
sections gives information on the efficiency of the 
treatment and on the penetrability of the 
impregnating medium.   
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Figure 1 Dry vs. Impregnated Pine sample 
 

Because of the smaller number of days granted 
with respect to the proposal request, experiments 
with samples “in situ” impregnated with Paraloid 
B72 have not been performed. Neutron 
Tomography data and X ray Tomography (XT) 
data for a Pine sample are compared In figure 2. 
               

 X T 

       
 
Figure 2     NT and XT on a Pine sample  
 
Comparison of the histograms obtained from NT 
and XT indicates that, in this case, neutron data 
are richer in details (and therefore in information) 
then X-ray data, even if the resolution of the XT 
data is higher. This is due to the particularly high 
sensitivity of neutrons to hydrogen. Of course, 
the situation would be different if NT and XT data 
for other systems would be compared. For 
example, in the case of marbles, XT data are 
richer in details than NT. In that case the higher 
space resolution of the XT data gives more 
detailed information than NT.  In our case, as 
most of the consolidating media are highly 
hydrogenated materials, NT data may play a 
significant role. 
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Nov. 2006 

  Date of Report: 17 December 2008 
 
The autoradiographs of this painting reveal that 
Bordone altered the position of the bodies, heads 
and arms several times during the paintings 
process. In one of the earlier versions the man on 
the left was positioned closer to the edge of the 
painting; his coat covered the bench he was sitting 
on. The lower part of the gown seems to have 
extended beyond the left border of the painting. 
The upper left edge of the table, now covered by 
his elbow, was visible. Straight thin lines, visible 
both in the autoradiograph and in the x-ray 
radiograph, can be interpreted as incisions in the 
ground delineating the contour of this coat. 
 
As this version is visible in the x-ray radiograph as 
well as in the first autoradiograph we may conclude 
that the colour of this coat was light brown. This fact 
is confirmed by the structure of the paint layer. 
Optical examination of the area revealed that there 
is an underlying brown paint layer. 
 
In another version the man was positioned where 
he is today. However, his coat extended further to 
the left near the bench, which suggests he may 
have been sitting in a more bent position. The 
contour of the back of his gown is clarified with a 
thin line of paint containing copper. A tile had to be 
added in the now uncovered floor.  
 
A minor adjustment was made to the position of his 
right arm, which was located slightly lower as his 
hand. Interestingly, this hand either once held the 
tissue now in the hand of his counterpart or maybe 
both gamblers were in the need of a tissue. 
 
His head was depicted more in profile; a fact that 
can be observed better in the x-ray radiograph.  
 
The figure on the right hand side also underwent 
subsequent changes. His shoulders were originally 
broader, suggesting a frontal view. Both his arms 
and hands were altered several times. His left arm 
was shown extended and directed downwards, a 
hand with or without tissue. His right arm was in two 
of the previous versions more angled and the hand 
also shows several revisions. In one version, the 
pawn was held higher and diagonal, as if he was 
unsure where to place it. The sleeves and collar 
were painted in the same copper green that has 
been found in the folds under the shoulder of his 
opponent. 

In the background several changes can be 
observed. Important for the interpretation is the 
substitution of an object that appears to be a 
fountain on the x-ray radiograph by a group of men 
gambling at a table in the garden and thus 
repeating the theme of the painting. 
 
The architecture was painted originally with higher 
and more delicate columns on a floor with smaller 
tiles. In the lower half of the painting Bordone had 
removed paint with a broad spatula. 
 
In summary, we can state that the visual 
information provided by the autoradiographs and 
the x-ray radiograph are in accordance with the 
findings in other Bordone paintings. The basic 
contours of the figures appear to have been 
indicated with thin calligraphic lines. Various 
revisions were made before the figures had been 
finally positioned: the man on the left is set more in 
profile, whereas his opponent could be viewed 
more in a frontal position. 
 
Special importance was laid on defining the two 
players and by accentuating the manoeuvre by 
which one of them will win. The viewers’ attention is 
drawn to the meaning of the composition by the 
group of gamblers in the background. 
 

 
 
Kat. N° 169 - Paris Bordone: The two Chess Players, 
1550 – 55, Canvas, 112 x 181 cm 
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Spatial Distribution of Neutrons Scattered by 
Vibrating Crystals Local Contact  

Norbert Stüßer 

Principal Proposer: E. Raitman, L.A.S., Latvia Date(s) of Experiment 
Experimental Team: E. Raitman, L.A.S. Latvia  

 V. Gavrilovs, L.A.S., Latvia 
Norbert Stüßer, HMI, Berlin 

19/05/2008 – 26/05/2008

  Date of Report:  
 
The dynamical diffraction and inelastic scattering 
of neutron in perfect and bent silicon single 
crystals undergoing to the ultrasonic excitation 
were studied and the so-called Kato’s profiles 
were observed. As preliminary calculations of the 
Kato’s equation (taking into account ultrasonic 
excitation) have shown, one can expect for regime 
of small ultrasound waves amplitudes the fine 
oscillations in spatial neutron intensities 
distribution, and sharp increase of intensity in the 
Bormann triangle center for the high level 
ultrasonic excitation depending on the ultrasound 
frequency and samples thickness. 
 
The aim of the experiments was to determine how 
high frequency vibrations introduced into a perfect 
crystal effect on the Kato’s profiles in thick 
crystal. 
 
The experiments were carried out on BENSC E6 
diffractometer. As a sample very high quality Ge 
single crystal with thickness T=2,2 cm was used. 
The intensities of diffractions for (111) reflections 
depending on the acoustic waves (AW) amplitudes 
(hf-generators voltage) were measured. The 
scanning was realised by using high sensitive PSD 
detector. The narrow forming slit with width 1.0 
mm was used for higher collimation 
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Transverse acoustic waves (ks ⊥ H, where ks is 
acoustic waves number) in the sample were 
excited by applying hf-voltage to the quarc piezo 
transducer (fs =39.5 MHz) glued with salol to the 
sample surface. The self-resonance conditions for 
Ge was found by tuning to the maximum of 
diffraction intensity responding to the frequency 
changes. 
 
The main results are shown on Fig. 1:  
 
Fig.1. Kato’s profiles for a Ge 22mm thick crystal 
in the 2ΘB-space: 1- (−) - without sound, 2-(−)-
with hf-generator voltage V

It is shown that 
 

i) for relatively small AW amplitudes at 
least 3-4 “sound” fringes (oscillations) 
(curve 2) are pronounced and their 
sizes agrees with evaluations. The 
resolutions was not enough but the 
situation can be improved by using 
more narrow slits and small scanning 
steps. 

ii)  ii)  the intensities of the Kato’s profile 
center sharply increases with AW 
amplitudes growth and gain factor of 
5.5 was achieved for VG=5.0 V. These 
results may be promising for an 
intensity –to- resolution governed by 
ultrasound monochromator creating. 
However, it needs further 
investigations. 
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 A. Hilger, N. Kardjilov, (HZB) 
  

26/11/2008 – 27/11/2008

  Date of Report: January 2009 
 
Coherent scattering of neutron wave is induced by 
interaction with periodic structure of materials. The 
phenomena observed in a single crystal may be 
detected by monochromatic neutron imaging. The 
single crystal having lattice plane distance (dBE) is 
applied to neutron imaging for computed 
tomography as shown in Fig. 1. 
 
The coherent scattering condition may be 
represented by the Bragg’s equation of 
 

λ = 2 dBE sin ( φ + ( 90 – θ )) sin ( 90 – ζ ). 
 
The relation between parameters is shown in Figure 
2. When φ1 and φ2 satisfy Bragg condition, ( φ1 + φ2 
)/2 = φBE gives direction of Bragg-cut-off plane. 
When we find ζ by any additional process, all the 
relation among wavelength, lattice plane distance 
and CT rotation angle can be determined. 
 
Experiments had been conducted by using the 
neutron imaging facility CONRAD at HZB, which 
has a tunable monochromatic neutron beam. A 
single crystal of nickel ( dBE = 2.01A) was used as a 
sample for neutron computed tomography. Rotation 
angular range was 180 degrees by a step of 1 
degree. The 9 kinds of projection datasets were 
obtained in a range of neutron wavelength from 
3.00A to 4.20A by a step of 0.15A. 
 
From the 9 kinds of projection datasets, all 
crystallographic parameters concerned to the single 
crystal of nickel have been evaluated as shown in 
Figure 3. 
 
Further analysis of projection datasets has been 
intensively continuing to propose the concept and 
to establish the mathematical treatment for the 
coherent scattering CT-reconstruction as well as the 
conventional CT-ones. 
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Fig. 1 Concept of coherent CT set-up for single 
crystal. 
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Fig. 2. Determination of coherent scattering points. 
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Fig.3. Results of coherent scattering parameters 
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Vertebral pathology in an ornithopod dinosaur: A hemivertebra in
Dysalotosaurus lettowvorbecki from the Jurassic of Tanzania
The Anatomical Record 291 (2008), 1149 - 1155
Wolff, M.; Steitz, R.; Gutfreund, P.; Voss, N.; Gerth, S.; Walz, M.; Magerl, A.;
Zabel, H.
Shear induced relaxation of polymer micelles at the solid - liquid
interface
Langmuir 24 (2008), 11331 – 11333
Zabler, S.; Rack, A.; Manke, I.; Thermann, K.; Tiedemann, J.; Harthill, N.;
Riesemeier, H.
High-resolution tomography of cracks, voids and micro-structure in
greywacke and limestone
Journal of Structural Geology 30 (2008), pp. 876 - 887
Zaharko, O.; Mesot, J.; Salguero, L. A.; Valenti, R.; Zbiri, M.; Johnson, M.;
Filinchuk, Y.; Klemke, B.; Kiefer, K.; Mys'kiv, M.; Straessle, Th.; Mutka, H.
Tetrahedra system Cu(4)OCl(6)daca(4): High-temperature manifold of
molecular configurations governing low-temperature properties
Physical Review B: Condensed Matter 77 (2008), 224408-1 - 224408-11
Zhou J.; Wang B.; Tong W.; Maltseva E.; Zhang G.; Krastev R.; Gao C.;
Möhwald H.; Shen J.
Influence of assembling pH on the stability of poly(L-glutamic acid)
and poly(L-lysine) multilayers against urea treatment
Colloids and Surfaces B: Biointerfaces 62 (2008), 250 - 257

V6

Zizak, I.; Darowski, N.; Klaumünzer, S.; Schumacher, G.; Gerlach, J.W.;
Assmann, W.
Ion-beam-induced collective rotation of nanocrystals
Physical Review Letters 101 (2008), 065503/1 - 4
Zrnik, J.; Strunz, P.; Maldini, M.; Wiedenmann, A.; Davydov, V.
Small-angle neutron scattering investigatin of gamma' precipitate
morphology evolution in creep-exposed single-crystal Ni-base
superalloy CMSX-4
Journal of Physics: Condensed Matter 20 (2008), 104261 – 1 - 7
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Invited Talks
2005 (supplement)

Brandt, A.
BENSC User Service
26th HMI Tutorial Session on Neutron Scattering, Berlin, Germany,
2/21/2005 - 2/25/2005
Brandt, A.
ADSO-SE
1st BENSC Adsorption workshop, Berlin, Germany, 9/21/2005 - 9/21/2005

2006 (supplement)

Brandt, A.
BENSC User Service
29th HMI School on Neutron Scattering, Berlin, Germany,
3/3/2006 - 3/7/2006
Brandt, A.
BENSC User Service
27th HMI Tutorial Session on Neutron Scattering, Berlin, Germany,
2/27/2006 - 3/3/2006
Matsushima, U.; Kardjilov, N.; Hilger, A.; Herppich, W.B.; Nishizawa, T.;
Kawamitsu, Y.
Jyusuiwo mochiita reicyuseishi imagingniyoru
tomatonaejyousanryuno kashika (Japanese)
nougyoukankyokougakukanrengakkai 2006nen godotaikai, Sapporo, Japan
9/11/2006 - 9/15/2006

V7

2007 (supplement)

Aldridge, L.; Bordallo, H.; Desmedt, A.
Water transport in concrete using inelastic neutron scattering
4th ECNS, Lund, Sweden, 6/25/2007 - 6/29/2007

V3

Rüegg, C.
Exploring novel quantum order and dynamics: Neutron scattering
under extreme conditions
4th ECNS, Lund, Sweden, 6/25/2007 - 6/29/2007

V2
NMI3: 1127
NMI3: 1006
IHPII: 543

2008

Baran, S.; Gondek, L.; Arulraj, A.; Penc, B.; Stüsser, N.; Szytula, A.
Frustrated magnetic ordering in RTX rare earth intermetallics with the
hexagonal ZrNiAl-type structure
13th Int. Seminar on Neutron Scattering Investigation in Condensed Matter,
Poznan; Poland, 5/8/2008 - 5/10/2008
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Bordallo, H.
Natural Soil Environments: The role of cations and superparamagnetic
iron oxides
SF1 Seminar Series, HZ Berlin, Berlin, 10/30/2008 - 10/30/2008
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Bordallo, H.
Natural Soil Environments: The role of cations and superparamagnetic
iron oxides
Deutschen Neutronenstreutagung 2008, Garching, Germany,
9/14/2008 - 9/17/2008
Bordallo, H.; Boldyreva, E. V.; Kolesov, B.; Landsgesell, S.; Buchsteiner, A.;
Juranyi, F.; Koza, M. M.; Straessle, T.
Temperature and pressure effects on the reorienational dynamics of
amino acids, a neutron study
XXI Congress and General Assembly of the international Union of
Crystallography, Osaka, Japan, 8/23/2008 - 8/31/2008
Brandt, A.
BENSC User Service
BENSC Day 2008, Berlin, Germany, 6/16/2008 - 6/16/2008
Chmielus, M.
Influence of Surface Preparation and Training on the Properties of
Magnetic Shape-Memory Alloys
Seminar Talk of the Materials Science & Engineering Department of Boise
State University, Boise, Idaho, USA, 10/21/2008 - 10/21/2008
Dalle-Ferrier C.; Eibl S.; Pappas C.; Alba-Simionesco Chr.
Temperature dependence of three point correlation functions of
viscous liquids: case of glycerol
7th Liquid Matter Conference, Lund, Schweden, 6/27/2008 - 7/1/2008

V5

Davies, C.; Wimpory, R.
Influence of Crack Growth and Specimen Sectioning on Residual
Stresses
VAMAS TWA31 Annual Meeting, Imperial College London,
5/19/2008 - 5/19/2008
Denks, I.
Problems related to near surface residual stress analysis by means of
diffraction methods - comparison of angle- and energy-dispersive
techniques
11th European Powder Diffraction Conference (EPDIC ), Warsaw, Poland,
9/19/2008 - 9/22/2008
Denks, I.; Manns, T.; Genzel, Ch.; Scholtes, B.
An experimental approach to the problem of transforming stress
distributions from the LAPLACE - into real space
11 European Powder Diffraction Conference, Warsaw, Poland,
9/19/2008 - 9/22/2008
Fery A.; Dönch, I.; Möhwald, H.; Laschewsky, A.; Ott, P.; Köhler, R.;
Krastev, R.
Micromechanics of polyelectrolyte multilayer
Kolloquium, Dresden, Germany, 4/22/2008 - 4/23/2008
Feyerherm, R.
Interplay between rare earth and manganese magnetism and its effect
on ferroelectricity in or-RMnO3
Deutsche Neutronenstreutagung 2008, Garching, Germany,
9/15/2008 - 9/17/2008
Genzel, Ch.
Messung innerer Spannungen in Werkstoffen und Bauteilen mit
Röntgenstrahlen - Stand und Perspektiven
Industrieforum 2008, DESY, Hamburg, Germany, 11/5/2008 - 11/5/2008

285



BENSC Experimental Reports 2008 Part II, List of Publications

Glavatskyy, I.; Glavatska, N.; Soderberg O.
Crystal and magnetic structure temperature evolution in Ni-Mn-Ga
magnetic shape memory martensite
Jim Krumhansl Symposium 2008, Osaka, Japan, 11/10/2008 - 11/15/2008

E2

Glavatskyy, I.; Glavatska, N.; Soderberg O.
Thermal evolution of the crystal, magnetic and electronic structure of
the Ni-Mn-Ga martensites
Jim Krumhansl Symposium 2008, Osaka, Japan, 11/10/2008 - 11/15/2008

E2

Hauß, T.
Neutron Scattering as a Probe for Biology
29th Berlin School on Neutron Scattering, Berlin, 3/3/2008 - 3/7/2008
Hauß, T.
Untersuchungen zur Struktur und Dynamik von biologischen
Membranen mittels Neutronenstreuung.
Kolloquium des Clemens-Schöpf-Institut, Darmstadt, Germany,
4/7/2008 - 4/7/2008
Hauß, T.
The application of neutron scattering techniques in membrane
biophysics
2nd European Conference on Metallobiolomics, Berlin, Germany,
12/3/2008 - 12/4/2008
Hauß, T.; Pieper, J.; Buchsteiner, A.; Lechner, R.E.; Dencher, N.A.
Observation of transient modulations in protein dynamics during the
photocycle of bacteriorhodopsin
Biological Physics at Large Facilities, Grenoble, Fance,
10/19/2008 - 10/23/2008
Hoell, A.
Anomalous Small Angle X-Ray Scattering and some applications in
material science
Bhabha Atomic Research Centre (BARC), Mumbai, India,
1/11/2008 - 1/11/2008
Hoell, A.
Anomalous Small Angle X-Ray Scattering and some applications in
material science
Material  Science Division, Kalpakkam, India,1/7/2008 - 1/7/2008
Hoell, A.; Haas, S.; Heinemann, A.; Tatchev, D.; Kranold, R.; Goerigk, G.;
Müller, M.; Banhart, J.
Anomalous Small Angle X-ray Scattering and its Application to
photochromic Glasses
Fourth Balkan Conference on Glass Science and Technology, Varna,
Bulgaria,9/27/2008 - 10/1/2008
Jauch, W.;Reehuis, M.
Charge density in ferromagnetic iron and nickel from gamma-ray
diffraction
5th European Charge Density Meeting, Gravedona, Italy,
6/6/2008 - 6/11/2008
Kasyutich, O.I.; Sarua, A.; Figueiredo, W.; Tatchev, D.; Hoell, A.; Haas, S.;
Schwarzacher
3-dimentional nano-particle arrays produced by protein crystallisation
Nanoscale Phenomena and Structures in Bulk and Surface Phases, Sofia,
Bulgaria, 2/26/2008 - 3/2/2008
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Lake, B.
Magnetic Excitations in Spin-1/2 Antiferromagnetic Spin-Chains and
Ladders.
SC08 Workshop on Strong Fluctuations in Low Dimensional Systems,
Montauk, Long Island, USA, 9/2/2008 - 9/5/2008
Manke, I.
Bildgebende Verfahren in der Brennstoffzellen-Forschung
Materialwissenschaftliches Kolloquium an der Universität Darmstadt,
Darmstadt, Germany, 1/21/2008 - 1/21/2008
Nowicki, W.; Darul, J.; Yokaichiya, F.
Synthesis, structure and magnetic properties of Fe-doped tetragonal
Li0.95Mn2.05O4
11th European Powder Diffraction Conference, Warsaw, Poland,
9/19/2008 - 9/22/2008

E9

Pappas, C.
Neutron Properties and Sources
5th LANCE Neutron School 2008, Los Alamos, New Mexico, USA,
7/23/2008 - 8/1/2008
Pappas, C.
Neutron Instrumentation
5th Los Alamos Neutron School 2008, Los Alamos, New Mexico, USA,
7/23/2008 - 8/1/2008
Pappas, C.
How much Larmor Precession affords Chirality?
Neutronenseminar - TU München, Germany, 11/17/2008 - 11/17/2008
Pappas, C., Cywinski, R.; Pickup, R.; Farago, B.; Fouquet, P.; Falus, P.
Generalized approach to non-exponential relaxation
International Symposium on Neutron Scattering, Atomic Research Centre,
Mumbai, India, 1/15/2008 - 1/18/2008
Pappas, C.; Lelièvre-Berna E.; Bentley P.; Moskvin E.; Farago B.; Falus P.;
Krist Th.; Grigoriev S.; Dyadkin V.
Challenges in Neutron Spin Echo Spectroscopy
Polarized Neutrons in Condensed Matter Investigations, Tokai, Japan,
9/1/2008 - 9/5/2008
Reehuis, M.; Ulrich, C.; Fujioka, J.; Miyasaka, S.; Tokura, Y.; Keimer, B.
Neutron diffraction study of hole-doped vanadates Y1-xCaxVO3
16th International Conference on Ternary and Multinary Compounds, Berlin,
Germany, 9/15/2008 - 9/19/2008

E5

Reichenauer, G.
Length change upon ad-/desorption in mesopores
3rd BENSC Adsorption Workshop, Berlin-Wannsee, Germany,
10/1/2008 - 10/2/2008

V4

Rolfs, K.
Co-Doping: Tuning Ni-Mn-Ga for Actuator Applicaton?
Seminar-Vortrag TU München, Munich, Germany, 10/21/2008 - 10/21/2008
Rolfs, K.
NiCoMnGa - a new smart material?
SF1 - Seminar at Helmholtz-Zentrum Berlin für Materialien und Energie,
HZB, Berlin, Germany, 10/23/2008 - 10/23/2008
Rolfs, K.
Development of MSMA-DRIVEN actuators based on standardization of
single crystal growth, treatment and quality assessment
SPP 1239 Evaluation, Dresden, Germany, 3/12/2008 - 3/12/2008
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Rule, K.
What high magnetic fields and low temperatures have revealed to me?
Invited talk, ANSTO, Sydney, Australia, ANSTO, Sydney, Australia,
6/18/2008 - 6/18/2008
Rule, K.
How Frustrating! A look at recent neutron scattering results from the
frustrated pyrochlores Tb2Ti2O7 and Tb2Sn2O7
Invited talk at UNSW, University of New South Wales, Sydney, Australia,
6/17/2008 - 6/17/2008
Rule, K.
How Frustrating:  A look at recent neutron scattering data in the
frustrated pyrochlores TbTiO and TbSnO
Invited talk at LLB, Saclay, France, LLB, Saclay, France,
6/5/2008 - 6/6/2009
Schierle, E.
Interplay of Dy and Mn magnetic moments in multiferroic DyMnO_{3}
27th BESSY Users' Meeting, Berlin, BESSY, Germany,
12/4/2008 - 12/5/2008
Schneider, R.
Neutrons and Photons in Service for Industry: 3D Structure
Visualization and Characterization- Strategy to Establish the Reference
for NDE and FE-Simulations
Second US-China Workshop on Scientific and Industrial Applications Using
Neutrons, Muons and Protons, Dongguan, Guandong Province, China,
11/7/2008 - 11/10/2008
Schneider, R.
Industrial Use of Neutrons
CIAE Seminar, Beijing, China, 5/28/2008 - 6/10/2008
Schneider, R.; Boin, M.; Kardjilov, N.; Haibel, A.
Tomography Techniques Using Different Probes: Neutrons and
Photons
Seminar CIAE, Beijing, China, 5/28/2008 - 6/10/2008
Schneider, R.; Chmielus, M.; Rolfs, K.; Mecklenburg, A.; Guldbakke, J.-M.;
Raatz, A.;
Route to Commercial Use of MSM Actuators: Noval Crystal Growth and
Treatment
China Institute of Physics, Beijing, China, 6/8/2008 - 6/8/2008
Schneider, R.; Hoffmann, J.-U.; Hohlwein, D.; Prandl, W.
Investigation of Short-Range Magnetic/Strutural Order by Diffuse
Neutron Scattering
CIAE Seminar, CIAE, Beijing, China, 5/28/2008 - 6/10/2008
Schneider, R.; Wimpory, R.; Hofmann, M.
Residual Stress Analysis Using Neutrons
Seminar CIAE, CIAE, Beijing, China, 5/28/2008 - 6/10/2008
Schneider, R.; Wimpory, R.; Hofmann, M.
Residual Stress And Texture Analysis at the Research Reactors BER-II
and FRM-II
PTB Seminar, PTB Berlin, Germany, 9/26/2008 - 9/26/2008
Schneider, R.; Wimpory, R.; Hofmann, M.
Neutrons and Photons: A Unique Tool for the Engineer
China Institute of High Energy Physics, Beijing, China, 6/6/2008 - 6/6/2008
Schneider, R.; Wimpory, R.; Hofmann, M.
Neutron Instrumentation for Residual Stress Analysis:
Monochromators
CIAE Seminar, Beijing, China, 5/28/2008 - 6/10/2008
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Schneider, R.; Wimpory, R.; Hofmann, M.; Ohms, C.
STRAINET: Standardization of Interfaces to Promote International Co-
Operation in Neutron Diffraction
IAEA Expert Meeting, Vienna, Austria, 12/10/2008 - 12/12/2008
Steiner, M.
Perspectives of extreme sample environment in neutron scattering and
consequences for instrumentation
International Symposium on Neutron Scattering (ISNS2008), Mumbai, India,
1/15/2008 - 1/18/2008
Steitz, R.
Reflectivity & GISAS
Workshop zum Thema Streumethoden, SPP 1273 Kolloidverfahrenstechnik,
Universität Bayreuth, Germany, 9/29/2008 - 9/30/2008
Szytula, A.; Arulraj, A.; Baran, S.; Gondek, L.; Penc, B.
Magnetic properties of the hexagonal RTIn rare earth intermetallics
with frustration
16th Int. Conf. on Solid Compounds of Transition Elements, Dresden,
Germany, 7/26/2008 - 7/31/2008

E6
NMI3: 1303
NMI3: 1026
NMI3: 1255
NMI3: 1348

Tatchev, D.
Small-Angle Scattering and Anomalous Small-Angle X-ray Scattering
in Materials Science
externer Vortrag an University of Aberystwyth, Aberystwyth, Wales, UK,
2/7/2008 - 2/7/2008
Vierke, J.; Schumacher, G.; Denks, I.; Wanderka, N.; Wollgarten, M.;
Banhart, J.; Zizak, I.; Pilyugin, V.P.; Balog, M.; Nagy, J.; Simancik, F.
Strain- and Temperature-induced Glass-to-Crystal Transformations in
Al-Ni-La Glass
1/9/2008 - 1/9/2008
Wimpory, R.C and Hofmann. M.
Net Task group 1, 2 and 4
13th NeT Steering Committee Meeting at INSA-Lyon, INSA, Lyon, France,
6/9/2008 - 6/11/2008
Wimpory, R.C.
Things that you may have wondered about measuring residual
stresses but were probably too shy to ask ...
SF1 seminar, HZB, Berlin, Germany, 5/22/2008 - 5/22/2008
Wimpory, R.C.
Around the Weld in a few minutes
NUM Seminar PSI, PSI, Switzerland, 3/19/2008 - 3/19/2008
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Talks
2006 (supplement)

Matsushima, U.; Kardjilov, N.; Hilger, A.; Ueno, M.; Kawamitsu, Y.;
Nishizawa, T.; Herppich, W.B.
8th world conference on neutron radiography
8th world conference on neutron radiography, Gaithersburg, MD, USA,
10/16/2006 - 10/19/2006

V7

Sikolenko, V.; Sazonov, A.; Efimov, V.; Krivencov, V.; Darowski, N.;
Vyalikh, D.
Neutron diffraction and synchrotron radiation studies of La1-xSrxCoO3
magnetic properties
International Conference on Magnetism, Kyoto, Japan,
8/20/2006 - 8/25/2006

2007 (supplement)

Berti, D.; Baldelli Bombeli, F.; Betti, F.; Milani, S.; Baglioni, P.
Self-assembly of nucleolipids: insights from neutron scattering
ECNS, Lund, Sweden, 6/25/2007 - 6/29/2007

V1, V4
NMI3: 1022
NMI3: 1106
NMI3: 1207

Brandt, A.
DEGAS - the story so far
2nd BENSC Adsorption workshop, Berlin. Germany, 2/1/2007 - 2/2/2007
Guidi, T.; Carretta, S.; Santini, P.; Amoretti, G.; Copley, J.; Qiu, Y.;
Caciufo, R.; Hiess, A.; Timco, G.; Winpenny, R.
Quantum Oscillations of the total spin in a heterometallic
antiferromagnetic ring: Evidence from neutron spctroscopy
ECNS, Lund, Sweden, 6/25/2007 - 6/29/2007
Iolin, E.; Rusevich, L.; Strobl, M.; Treimer, W.; Mezei, F.; Mikula, P.
Application of ultrasound to multi crystal neutron diffractometer
ECNS, Lund, Sweden, 6/25/2007 - 6/28/2007

V3, V12a
IHP: 462
IHP: 570

Kessner, D.; Kiselev, M.; dante, S.; Hauß, T.; Wartewig, S.; Neubert, R.
New insights into the structure of the Stratum Corneum lipid model
matrix by neutron diffraction
ECNS, Lund, Sweden, 6/25/2007 - 6/29/2007

V1

Lefmann, K.; Schober, H.; Kleno, K.H.; Mezei, F.
A cold neutron chopper spectrometer for the ESS long-pulse target
station
ECNS, Lund, Sweden, 6/25/2007 - 6/29/2007
Matsushima, U.; Kardjilov, N.; Herppich, W.B.; Hilger, A.
Visualization of water flow in small plants using neutron imaging
Estimation of flow rate and influence of neutron and D2O
The first annual meeting of Japanese Society of Agricultural, Biological and
Environmental Engineers and Scientists, Osaka, Japan,
6/25/2007 - 6/27/2007

V7

Mezei, F.
Continous, short pulse and long pulse sources: the numbers behind
the quantum leap in beam power
ECNS, Lund, Sweden, June 2007
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Pappas, C.; Cywinski, R.; Pickup, R.
A novel approach to modelling non-exponential relaxiation in glasses
and spin-glasses
ECNS, Lund, Sweden, 6/25/2007 - 6/29/2007

V5

Pieper, J.; Hauß. T.; Buchsteiner, A.; Ollivier, J.; Lechner, R.; Renger, G.
Time-resolved QENS studies of a native photosystem
4th ECNS, Lund, Sweden, 6/25/2007 - 6/29/2007

V3

Russina, M.; Kemner, E.; Celli, M.; Ulivi, L.; Lokshin, K.; Mezei, F.
Semi-calssical dynamics of confined molecular hydrogen in water
clathrates
4th ECNS, Lund, Sweden, 6/25/2007 - 6/29/2007
Sel, Ö.; Thommes, M.; Brandt, A.; Wallacher, D.; Smarsly, B
Investigations of pore hierarchy inmesoporous silicas by in-situ
SAXS/SANS sorption studies
19. Deutsche Zeolithtagung, Leipzig, 3/7/2007 - 3/9/2007

V4

Sel, Ö.; Thommes, M.; Brandt, A.; Wallacher, D.; Smarsly, B.
On the nitrogen sorption mechanism in silica with hierachical
mesoporosity studied by in-siti small-angle neutron scattering
9th international conference on fundamentals of adsorption, Giardini Naxos,
Sicily - Italy, 5/20/2007 - 5/23/2007

V4

Siemensmeyer, K.; Wulf, E.; Flachbart, K.; Gabani, S.; Matas, S.; Priputen,
Shitsevalova, N.
Neutron diffraction study of a Shastry Sutherland magnet in the
plateau regime
ECNS, Lund, Sweden, 6/25/2007 - 6/29/2007
Sitepu, H.; Garbe, U.; Brokmeier, H.-G.; Law, R.
Quanatitative teyxture analysis of deformed natural quartz vein from
Torridon area in NW Scotland with neutron diffraction
ECNS, Lund, Sweden, 6/25/2007 - 6/29/2007
Thielemann, B.; Rüegg, Ch.; Ronnow, H.M.; Mesot, J.; McMorrow, D.F.;
Krämer, K.W.; Gvasaliya, S.; Habicht, K.; Boehm, M
Continous spin-excitation spectrum in a novel spin ladder
ECNS, Lund, Sweden, 6/25/2007 - 6/29/2007

V2
NMI3: 1127

Treimer, W.; Kardjilov, N.; Hilger, A.; Manke, I.; Strobl, M.
Radiography with polarised neutrons
ECNS, Lund, Sweden, 6/25/2007 - 6/29/2007
Triolo, A.; Russina, M.; O.; Di Cola, E.; Perroud, O.
Morphology of homo- and block-polymers in environmentally
responsible room temperature ionic liquids: a combined SANS and
SAXS study
ECNS, Lund, Sweden, 6/25/2007 - 6/29/2007

V4
NMI3: 1208
NMI3: 1176

von Klitzing, R.; Steitz, R.; Wong, J.
Kinetics of water uptake and release of polyelectrolyte multilayers
4th ECNS, Lund, Sweden, 6/25/2007 - 6/29/2007
Wallacher, D.
DEGAS today
2nd BENSC Adsorption workshop, Berlin, Germany, 2/1/2007 - 2/2/2007
Wiedenmann, A.
Low temperature dynamics of magnetic colloids studied by time-
resolved Small Angle Neutron Scattering (SANS)
Inter. Conf. Magnetic Fluids, Kosice, Slovakia, 7/23/2007 - 7/27/2007

V4
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Wiedenmann, A.
Small Angle Neutron Scattering: A non-destructive nano-analytical
technique
Workshop on Research Reactor Utilization, Sao Paulo, Brasil, 12/3/2007 -
12/6/2007

2008

Balanda, M.; Baran, S.; Arulraj, A.; Penc, B.; Szytula, A.
Magnetic properties of  TbNi1-xAuxIn compounds
The European Conference PHYSICS OF MAGNETISM 2008, Poznan,
Poland, 6/24/2008 – 6/27/2008

E6
NMI3: 1348

Boin, M.; Kardjilov, N.; Schneider, R.; Edwards, L.
Strain and Texture Analysis using Bragg Edge transmission
NEUWAVE (workshop on NEUtron WAVElength dependent IMAGING),
Garching, Munich, Germany, 4/21/2008 - 4/24/2008
Bordallo, H.; De Souza, J.; De Tarso, P.; Argyriou, D.
Structural Isotopic Effects in the smallest chiral amino acid:
Observation of a structural phase transition in fully deuterated alanine.
2008 APS March Meeting, New Orleans, Louisiana, USA,
3/10/2008 - 3/14/2008
Buchsteiner, A.; Stüßer, N.
Optimizations in neutron powder diffraction by using divergent beam
geometries in angular dispersive techniques
11th European Powder Diffraction Conference, Warsaw, Poland
9/19/2008 - 9/22/2008
Darowski, N.
Magnetism in thin film multilayers - a depth-selective study with x-ray
magnetic circular dichroism
Colloquium of the Institute of Ion Beam Physics and Material Research,
Research Center Rossendorf FZD, Rossendorf, 5/19/2008 - 5/19/2008
Darowski, N.
Reorientation transition in Fe/Pt multilayers studied by means of
depth-selective x-ray magnetic dichroism
72ste Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Berlin,
2/25/2008 - 2/29/2008
Dawson, M.; Kardjilov, N.; Hilger, A.; Manke, I.; Banhart, J.
Neutron imaging at HMI
NeuWave Imaging, Garching, Germany, 4/20/2008 - 4/24/2008
Dorbandt, I.; Zehl, G.; Bogdanoff, P.; Wippermann, K.; Haas, S.; Hoell, A.;
Wollgarten, M.; Fiechter, S.
Preparation strategies and structural characterization of selenium
modified ruthenium nano-particles as cathode catalyst
for PEM fuel cells.
213th ECS Meeting, Phoenix (AZ,) USA, 2008 5/18/2008 - 5/22/2008
Flemming, S.A.; James, J. A.; Schneider, R.; Wimpory, R. C.; Hofmann, M.;
Schobert, M.; Randau, C.; Holstein, F.; Weiss, T.
The Open Inspire Architecture for Control, Data Reduction and
Analysis
NOBUGS 2008 Conference
November 3-5, 2008 at ANSTO, Sydney, Austrailia, 11/3/2008 - 11/5/2008
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Haas, S.; Heinemann, A.; Kranold, R.; Tatchev, D.; Goerigk, G.; Müller, M.;
Hoell, A.
Nanostructure of silver-free photochromic glasses studied by
anomalous small angle X-ray scattering
IUCr2008 - XXI Congress and General Assembly of the International Union
of Crystallography, Osaka, Japan, 8/23/2008 - 8/31/2008
Hartnig, Ch,: Lehnert, W.; Manke, I.; Banhart, J.
In situ observation of liquid water evolution and transport in PEM fuel
cell
European Fuel Cell Technology and Applications, Rome, Italy,
12/11/2008 - 12/14/2008
Hauß, T.; Pieper, J.; Buchsteiner, A.; Lechner, R.E.; Dencher, N.A.
Real-time monitoring of modulations in the protein dynamics during
the photocycle of bacteriorhodopsin by quasielastic neutron scattering
13th International Conference on Retinal Proteins, Barcelona, Spain,
6/15/2008 - 6/20/2008
Hilger, A.; Kardjilov, N.; Manke, I.; Strobl, M.; Banhart, J.
Investigation of magnetic fields at the neutron radiography station
CONRAD at HMI
Workshop on NEUtron WAVElength dependend IMAGING (NEUWAVE
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