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Summary
The Research Centre FZ-Jülich is offering its neutron research facilities to a growing national
and international user community for the benefit of their research using neutron beams. FZJülich operates a 23 MW DIDO reactor that delivers a total neutron flux of 2.9 u 1014 n/cm2s
(undisturbed) for a comprehensive suite of 17 instruments installed at 5 individual thermal
beam tubes and, in addition, 5 external cold neutron guides.
In the year 2004 the reactor was in operation for 208 days and we are happy to announce that
more than 150 individual experiments (constituting 61 % of the total) were carried out by a
large external user community from 85 institutions all over the world. In close collaboration
with internal staff the study of soft matter systems took the largest stake. In addition, subjects
of biology, magnetism and engineering were among the other main topics of the experimental
programme.
We gratefully acknowledge the funding programme “Jülich Neutrons for Europe” under the
European initiative NMI3 that enables numerous external users from the EU and associated
countries to come over, visit Jülich and perform their experiments.
This book comprises the scientific reports of the experiments completed in 2004. We wish to
thank all external users, local applicants, instrument responsibles, and technical staff for their
joint efforts and contributions to the success and progress of the Jülich Neutron Research
Facility.
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Introduction
With the FRJ-2 research reactor and the ELLA external neutron guide laboratory, the
Research Centre Jülich (FZJ) is operating a powerful neutron source with a special priority in
the field of cold neutrons. At a thermal power of 23 MW, the FRJ-2 reaches a maximum
thermal neutron flux of 2.9 u 1014 neutrons/cm2s (undisturbed) in the heavy water moderator.
The liquid hydrogen cold source is located close to the reactor’s flux maximum and three
neutron guides supply the instruments at the ELLA external neutron guide laboratory with
cold neutrons of 3–15 Å wavelength. As a member of the German Helmholtz Association FZJ
is committed to open its research facilities to scientists from Germany, Europe and across the
globe for the benefit of their scientific research goals. The FZJ gratefully acknowledges
complementary funding support from the EU that helps to fulfil our goals, namely providing
large-scale research equipment for a wide range of scientific applications in the university and
non-university sector far beyond the Research Centre itself.
The total number of reactor operation days was 208 days in the year 2004, again exceeding all
equivalent numbers of the years before since the re-commissioning of the reactor in 1996. In
total, 249 individual experiments were completed in 2004. This is a 24 % rise in comparison
to last year´s performance, in which 200 experiments were done. This rise was mostly due to
external proposals (national and international) which now make up for 61 % of all
experiments. Fig. 1 shows the number chart of the experiments per instrument. Concerning
the number of experiments the small-angle scattering machine KWS-1 clearly stands out. This
is partly due to the fact that SANS experiments are usually shorter but also because it is a
technique which is favoured by external users. The comparatively smaller use of the SANS
camera KWS-2 was due to its temporary unavailability because of refurbishment and
upgrade.
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Figure 1: Experiments performed in the year 2003 on the neutron scattering
instruments at FRJ-2
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Figure 2: Geographical pattern of FRJ-2 users and type of their home institution according
to the number of experiments in the year 2004
Fig. 2 shows the geographical and institutional distribution of the user groups visiting Jülich.
17 countries were represented in 2004 of which nine do not have their own national neutron
scattering installations. Although the absolute numbers of German institutions remained
unchanged their share decreased due to the strongly increased number of non-German
European proposers. Among those France and Italy were particularly active. The largest
number of experimental groups is from universities. This stresses the importance of the FRJ2 facility in the academic community and across the European landscape of neutron sources.
In order to provide the increased number of external users with optimal support during their
experiments a dedicated User Office was founded in 2002. Details about its work and the user
access possibilities are summarised at the end of this report.
The largest share of the experiments was on soft matter systems as in the last years.
Nonetheless, structural investigations of hard matter and magnetism are well represented, too.
In 2004 the European user programme “Jülich Neutrons for Europe” (which exists since
2001) slightly changed its organisational structure. With the beginning of the 6th Framework
Programme of the EU it became an activity of NMI3, the Integrated Infrastructure Initiative
for Neutron Scattering and Muon Spectroscopy. For the users this did not make any change.
Proposals accepted under the programme benefit from funding by the European Commission
(travel expenses for users). Unfortunately, due to financial reductions the programme’s
contractual volume was reduced by 12 % to 116 instrument-days per year. In contrast, the
amount of beamtime applied for increased by more than a factor of two from an average of
472 days in the last years to 802 in 2004. This corresponds to an overload factor of nearly 7
compared to the contractual beamtime! In order to cope with this situation more than twice as
much time was given as required by the programme (265 days, corresponding to an overload
of 3). Nevertheless, the selection had to be very strict and many scientifically qualified
proposals had to be turned down just because of lack of beam time. In addition to the EU
programme, the existing support for German university users is continued.
Several instrumental improvements took place in 2004: among them the renewal of the
detector system of KWS-2 making it as powerful as KWS-1, the commissioning of the tripleaxis spectrometer SV-30, and the completion of the chopper system of SV-29 the thermal
time-of-flight spectrometer.
Last but not least, in 2004 the 8th International Neutron Laboratory Course took place in
Jülich. This training course for students was now supported by the NMI3 as the successor of
the European Neutron Round Table. The number of applications rose to an all-time high of
156. In consequence the course was extended by a new experiment allowing now 55 students
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to be trained on 11 different instruments. Still, several highly qualified applicants had to be
rejected. Among the selected participants 27 came from outside Germany and 26 were
female—a fraction close to parity.
The year 2004 was also one of fateful decisions for the reactor FRJ-2. After the startup of the
new FRM-II reactor, there are presently four medium flux reactors in Germany: the FRM-II
in Garching, FRJ-2 in Jülich, FRG-1 in Geesthacht and BER-II in Berlin. Despite the request
from the European user community, the German federal government will at most support the
operation of two German neutron sources in the long term: FRM-II as the most modern
research reactor and BER-II with its specialisation in extreme sample environment, in
particular high magnetic fields. Therefore, it was decided that the FRJ-2 will be shut-down for
good in May 2006. This closing of a major European facility will have a significant negative
impact on European research activities with neutrons just at a time, when the American
spallation source SNS will start operation. Does this imply the end of neutron research in
Jülich? Not at all!
Jülich is determined to remain a leading centre of research with neutrons even without its own
source. The “Jülich Centre for Neutron Science” will be founded, which comprises the
operation of instruments at external sources, instrument development and in-house research.
At SNS (Oak Ridge, USA) we plan to build a beyond-state-of-the-art neutron spin echo
instrument with unprecedented resolution in the µs spin-echo time regime with 6 orders of
magnitude in dynamical range. This instrument will open access to the first MW spallation
source for German users.
The operation of instruments at Institut Laue-Langevin (Grenoble, France), namely the tripleaxis spectrometer IN12 and the NSE spectrometer IN15, will also be maintained in this
context.
With the Technical University of Munich TUM, a collaboration agreement was signed in June
2004. With joined forces of TUM and FZJ FRM-II will be the leading German user facility
and one of the leading centres for research with neutrons world-wide. An independently
operating outstation of FZJ with its own personnel housed in a dedicated building will be
established at FRM-II (JCNS-FRMII).
Some of the best Jülich instruments will be upgraded and relocated to FRM-II: the SANS
machines KWS-1, KWS-2, KWS-3, the cold and thermal TOF-spectrometers DNS and SV29, the spin echo instrument NSE, a reflectometer with polarisation analysis based on
HADAS, and finally a backscattering spectrometer with phase space transformer which is
currently being built in Jülich with funding from the federal government for Munich. While
1/3 of the beam time on these instruments will be reserved for in-house research, 2/3 will be
allocated to external users through a proposal system.
To conclude: while the FRJ-2 as an important neutron source in Europe will shut down in the
near future, Jülich will remain a major centre for research with neutrons due to its dedicated
commitment at ILL, SNS and FRM-II.
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This document comprises the experimental reports from experiments carried out at FRJ-2 in
the year 2004 and publications of the past five years that are related to FRJ-2 experiments.
The reports are grouped by instrument1 and preceded by a tabular description of the
instrument parameters. Detailed descriptions of the instruments can be found in the
instrument handbook “Neutron Scattering Experiments at the Research Reactor in Jülich” or
the web site www.neutronscattering.de .
Reiner Zorn and Holger Tietze-Jaensch

1

The SANS proposals are labelled by the instrument they originally applied for. Some experiments were
transferred between KWS-1 and KWS-2 because of better feasibility or availability. The instruments E-NMR,
SV-30, EKN, LAP-ND are not represented here because they are under construction, only used for test purposes,
or not demanded during 2004. Nevertheless, their specifications can be found in the instruments handbook and
on the web site.
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Twin Diffractometer (SV7)

Instrument Parameters
Monochromators
- standard:
- optional:
Monochromator angles:
Wavelengths:
Collimators
- primary beam:
- scattered beam (optional):
Max. beam size:
Mean sample volume (cylinder):
Scattering region:
Detectors:
Max. neutron flux at sample:
d-spacings:
Mean resolution 'd/d:

Sample environment:

Ni (220), PG (002)
Ni (200), Cu (111), Pb (311), Ge (111)/(311)
52° and 40°
1.0 Å d Od 2.3 Å
Soller: 12 min
radially oscillating
25 u 40 mm2
10 mm , 30 mm high
0° d 24 d 90°
linear JULIOS units
106 n/cm2 s
0.7 Å d d d 35 Å
102
Closed cycle He-cryostat: 4 ... 293 K; He-bath cryostat:
1.5 ... 4.2 K; He-3 cryostat: 0.3 ... 293 K; Split coil magnet
cryostat: 0 ... 7 T, 4 … 293 K; cryofurnace 4 ... 400 K; Full
circle goniometer with external Z-rotation: 293 K; Flow
cryostat containing full circle goniometer: 4 ... 293 K

Instrument Responsible
Dr. Jens Walter
Rolf Skowronek

Tel. +49-(0)2461-61-6024
Tel. +49-(0)2461-61-3639
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Email: j.walter@fz-juelich.de
Email: r.skowronek@fz-juelich.de
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Institut für Festkörperforschung
Forschungszentrum Jülich GmbH
D-52425 Jülich

Experimental Report
of Neutron Scattering Experiments
at the FRJ-2 Reactor
Proposal number:

SV7-02-003

Experiment title:

Magnetic structures of three compounds of the brownmillerite series
Ca2(Fe2-xAlx)O5

Dates of experiment:

10d, Jan 2002

Experimental team:
Names
G. Redhammer
(G. Roth)

Date of report:

6.3.2003

Addresses
Institut für Kristallographie
RWTH Aachen
Jägerstr. 17-19
52056 Aachen

R. Skowronek

MIN/ZFR (Univ. Bonn)

Local Contact:

W. Schäfer

Experimental report text body
On the structure
Brownmillerite, chemical formula Ca2(FeAl)O5 is one of the four main components of Portland cement
clinkers. Brownmillerite itself is one composition of the solid solution series Ca2Fe2O5 - Ca2Al2O5. Under
ambient conditions, there is a complete solid solution series for compositions Ca2Fe2-xAlxO5 up to x = 1.4. Pure
Ca2Fe2O5, also known under its mineral name srebrodoskite, is orthorhombic and crystallizes in space group
Pnma at 25°C, lattice parameters are a = 5.4260(1) Å, b = 14.7631(1) Å and c = 5.5969(1) Å (from powder Xray diffraction).
The crystal structure of Ca2Fe2O5 at room temperature was first determined by Bertaut et al. (Acta Cryst. 12
(1959) 149) and then refined several times, e.g. by Coville (Acta Cryst. B25 (1970) 1469) and very recently by
Redhammer et al. (Acta Cryst. B, in preparation). The structure consists of alternate layers of Fe3+O6 octahedra
sharing corners and Fe3+O4 tetrahedra sharing corners interleaved by Ca2+ iones surrounded by eight O2- ions.
Each octahedron shares two corners with tetrahedra in adjacent layers.
The Fe3+-ions are equally distributed on two a-c planes which contain either octrahedrally or tetrahedrally
coordinated sites and which are alternatively stacked along the b-direction.
On the magnetic order
According to Geller et al. (Progr. Sol. State Chem. 5 (1971) 1-26) Ca2Fe2O5 is antiferromagnetically ordered
below 720 K. The magnetic structure has been determined by crystal - chemical considerations in analogy to
Sr2Fe2O5. The spins lie in a plane perpendicular to the b axis and parallel to the a - axis. The magnetic space
group Pcm´n´ was proposed. Even if the principal magnetic structure of Ca2Fe2O5 is known, no detailed information concerning spin arrangements, on variation of the intensity of magnetic Bragg - reflections as a function
of temperature, and concerning the magnetic (and crystallographic) structure at 295 K and very low
temperatures (4 K) is known.
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Mößbauer measurements on Ca2Fe2O5 at 295 K reveal well ordered magnetic subspectra for both, the octahedral and tetrahedral site in this compound. 57Fe hyperfine parameters are in the typically range for high spin
Fe3+ in octahedral and tetrahedral coordination, area ratio of both subspectra is 1:1.
The situation - however - becomes much more complicated when Fe3+ is replaced by Al3+. Line broadening and
appearance of a second Fe3+ component for the tetrahedral site are observed in the Mößbauer spectra of the Al3+
substituted compounds. This is indicated in Figure 2 for the most evident parts in the Mößbauer spectrum by
arrows. To our opinion, these effects are due to magnetically different environments around the Fe3+ probe
nucleus. In literature there are no clear information concerning the magnetic structure of Al3+ substituted
Ca2Fe2O5. Knowledge of the magnetic structure - however - is the key in interpreting the Mößbauer spectra of
the samples along the brownmillerite solid solution. Thus, powder neutron diffraction experiments are needed.
Neutron measurements
We have synthesized a total of 16 polycrystalline samples along the Ca2Fe2-xAlxO5 solid solution series up to x
= 1.4 at 1673 K. Out of these samples, three compositions were synthesized in larger amounts as 15 g batches
suitable for neutron powder diffraction measurements (x = 0.0, 0.5 and 1.0). So far, diffraction patterns have
been collected on SV7 at 293 K and 4.2 K using wavelengths of 1.095 Å and 2.332 Å (Fig. 1).

Fig. 1: Neutron diffraction patterns (2.332 Å) collected at 293K (top) and 4.2K (below) on Ca2Fe2-xAlxO5 with
x=0.0 (left), x=0.5 (middle), x=1.0 (right). The spectra contain both nuclear and magnetic reflections.
Additional measurements at about 800 K, i.e. above the
magnetic phase transitions are planned, using the new
furnace which has been constructed for SV7.
Data evaluation using full-pattern Rietveld refinements
has been started on the pure Ca2Fe2O5 compound (see
Fig. 2). The magnetic structure is antiferromagnetic for
both the tetrahedral and octahedral planes. The spins are
oriented along a and perpendicular to b with moment
values of P = 4.5(1) PB and 3.3(1) PB in the terahedral and
octahedral sublattices, respectively.
The partial substitution of Fe by Al results in significant
changes of the magnetic structure as becomes obvious by
a comparison of the diffraction patterns in Fig. 1. The
changes concern both spin directions and moment values.
So far, however, the structures are not finally solved.

Fig. 2: Rietveld-plot of the room-temperature
pattern (x=0.0) and wavelength of 1.095 Å
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Institut für Festkörperforschung
Forschungszentrum Jülich GmbH
D-52425 Jülich

Experimental Report
of Neutron Scattering Experiments
at the FRJ-2 Reactor
Proposal number:

SV7-03-012

Experiment title:

Experimentelle Bestimmung der Gleitsysteme von Hämatit: Verformungen bei T >
400° C und Stauchachsen senkrecht zu Rhomboederflächen

Dates of experiment:

12.01.04 – 19.01.04
23.01.04 – 26.01.04
12.03.04 – 15.03.04

Date of report:

10.02.2005

Experimental team:
Names
H. Siemes *
B. Klingenberg

Addresses
Institut für Mineralogie und Lagerstättenlehre
RWTH-Aachen, Bunsenstr. 8, 52056 Aachen

(E.Rybacki)
(M. Naumann)

Geoforschungszentrum Potsdam, Projektbereich 3.2: Rheology and Tectonophysics
Telegrafenberg D429, 14474 Potsdam

(K. Kunze)

Geologisches Institut, ETH Zentrum, EBSD-Labor
CH-8092 Zürich

Local Contact:

E. Jansen

* Förderung DFG Si209/32-2

Experimental report text body
Dieser Report erweitert und ergänzt den Report aus dem Jahre 2003: Proposalnummer SV7-03-001
Motivation
Experimentelle Bestimmungen der Gleitsysteme an Einkristallen von Hämatit unter definierten Bedingungen
der Temperatur (25°C, 200°C, 400°C), Manteldruck (400 MPa) und Verformungsrate (~10-5s-1) und der
Bestimmung der Zwillingspannungen bzw. kritischen Schubspannungen lagen bisher nur von Hennig-Michaeli
& Siemes (1982) [1] vor. In Verformungsversuchen an Einkristallen soll die Kenntnis der Gleitsysteme von
Hämatit zu höheren Temperaturen ausgedehnt werden.
Ausgangsmaterial und Verformungsversuche
Die für die Versuche verwendeten Einkristalle und die Herstellung der Proben wurden in den Reports SV7-02005 und SV07-03-001 beschrieben. Nachdem in den vorherigen Untersuchungsperioden Versuche bei 600°C
bis 800°C in 5 verschiedenen Orientierungen ausgeführt wurden, werden in diesem Projekt vorzugsweise
Kristalle mit der Orientierung der Längsachse senkrecht zu einer r-Rhomboederfläche hergestellt. In dieser
Orientierung sollte bevorzugt c-Zwillingsgleitung und c-Deformationszwillingsbildung eintreten. Die Kristalle
wurden bei Temperaturen zwischen 200 und 800° mit einer Verformungsrate von 10-5 s-1 und einem Manteldruck von 300/400 MPa in einer Paterson-Apparatur [2] verformt. Von fünf der neun verformten Kristalle
wurden Neutronentexturaufnahmen [3] angefertigt.
Kristalle mit {r} A zur Stauchachse:
200°C: H33R1, H34R1, H34R2
400°C: H32R2 , H33R2
600°C: H32R1, H33R3
800°C: H34R3
Kristalle mit (c) A zur Stauchachse:
200°C: H52C1.

Form Version: 19.02.03
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Auswertung der Messungen an einer der verformten Proben:

Die Abb. zeigt die fünf Polfiguren der Probe H33R1, die als Beispiel für eine Auswertung gewählt wurden.
Texturaufnahmen der unverformten Kristalle hatten gezeigt, dass diese Bi-Kristalle sind, deren Teilvolumina in
c-Wachstumszwillingsorientierung stehen. Ein Teil des Kristalls (Wirtkristall) wurde senkrecht zu r{012} und
der andere Teil (c-Zwilling) senkrecht zu r’{102} gestaucht. Die theoretischen Polpositionen für die beiden
Teilkristalle sind in der unteren Bildhälfte eingetragen. Nicht alle Positionen finden sich in den Neutronenpolfiguren wieder. Der Wirtkristall ist mit drei r-Zwillingen vertreten während der c-Wachstumszwilling mit
zwei r-Zwillingen vertreten ist. Ergänzend zu den Neutronentexturaufnahmen wurden die Kristalle lokal mit
Hilfe von EBSD-Messungen [4] und mikroskopisch intensiv im Auflichtmikroskop untersucht.
Die nebenstehenden Abbildungen zeigen ein Mikrofoto der {a}-Oberfläche
der verformten Probe und von der gleichartigen Probe H34R2 eine EBSDAufnahme. Neben den r-Zwillingen, deren Spuren unterschiedlich, entsprechend der Orientierung der Teilkristalle verlaufen, kann man in beiden
Abbildungen jeweils einen c-Zwilling erkennen. Diese c-Deformationszwillinge kann man natürlich in den Neutronentexturaufnahmen nicht von
den c-Wachstumszwillingen unterscheiden. r-Zwillinge kann man in allen
bis 800°C verformten Proben in beiden Teilbereichen mit Hilfe aller drei
Methoden nachweisen. Überraschend ist, dass in dem Teilbereich, der
senkrecht zu {r} gestaucht wurde, r-Zwillingslamellen auftreten, obwohl die
Orientierungsfaktoren Null oder geringfügig negativ sind. Im Bereich der
senkrecht zu {r’} gestaucht wurde, sind die auftretenden r-Zwillinge mit
positiven Orientierungsfaktoren belegt. c-Deformationszwillinge treten nur
in den Teilkristallen auf, die senkrecht zu {r} gestaucht wurden. Die Anzahl der c-Deformationszwillinge nimmt mit steigender Temperatur ab. Bei
800°C wurden keine mehr gefunden. Dieser Sachverhalt wird so interpretiert, dass die kritische Schubspannung für die c-Deformationszwillinge
annähernd konstant bleibt oder sich nur geringfügig verändert, während die
kritische Schubspannung für die r-Zwillingsbildung sehr stark mit der
Temperatur abnimmt.
Wir danken der Deutschen Forschungsgemeinschaft für die Mittel zur
Durchführung dieses Projektes.
Literaturangaben: siehe SV7-03-001
Form Version: 19.02.03
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Institut für Festkörperforschung
Forschungszentrum Jülich GmbH
D-52425 Jülich

Experimental Report
of Neutron Scattering Experiments
at the FRJ-2 Reactor
Proposal number:

SV7-04-002

Experiment title:

Magnetic properties of DyMgIn and HoMgIn

Dates of experiment:

03.07.04 – 22.07.04

Experimental team:
Names
R. Kraft
D. Kurowski
R. Pöttgen

Date of report:

21.02.2005

Addresses
Institut für Anorganische und Analytische Chemie
Westfälische Wilhelms-Universität Münster
Corrensstrasse 36
D-48149 Münster
Germany

W. Kockelmann

ISIS Department Rutherford Appleton Laboratory

Local Contact:

R. Skowronek, Dr. J. Walter

Experimental report text body
Introduction and Experimental
DyMgIn and HoMgIn were prepared by reaction of the elements in sealed tantalum ampoules at about 1400 K.
The tubes were subsequently annealed at 870 K for six hours. The indides were investigated by X-ray
diffraction on powders and the structure was refined from rietveld X-ray data: P-62m, a = 749.7(1), c =
464.75(7) pm for the dysprosium compound and a = 747.0(1), c = 464.08(7) pm for the holmium one. Both
crystallize with a ternary ordered variant of the Fe2P type structure. The indium atoms have a trigonal prismatic
environment of either 6 rare-earth or 6 magnesium atoms. 3 atoms of the remaining sort form distant
neighbours, thereby capping the trigonal prisms [1] (Fig. 3). Magnetic measurements carried out on those
samples showed antiferromagnetically behavior with Neel temperatures TN equal to 22(1) K for the dysprosium
compound and 12(1) K for the holmium one.
5 g of both compounds were prepared by the above stated preparation synthesis procedure in form of singlephase material.
Objectives
In order to further analyze the magnetic properties of said compounds neutron scattering data should be
employed to reveal magnetic structures which are undetectable by X-ray analysis.

Form Version: 19.02.03
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Results
Fig. 1 and 2 present the neutron diffraction patterns of DyMgIn and HoMgIn above and below the transition
temperatures. The diffraction patterns are clearly different indicating different structures. As of yet the complete
datasets have not been analyzed so a full testament of the acquired information can not yet be given.
Conclusions
The different diffraction patterns at temperatures above and below the ordering temperatures of the standard
magnetic measurements indicate that the existence of different magnetic structures at low temperatures is a
valid claim.

Fig. 1: Neutron diffraction diagram at 1.6 and 26 K.

Fig. 2: Neutron diffraction diagram at 1.5 and 22 K.

In
Mg
b

a
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Fig. 3: Structure of DyMgIn or HoMgIn.

References
[1] R. Kraft, M. Valldor, D. Kurowski, R.-D. Hoffmann, R. Pöttgen, Z. Naturforsch. 59b (2004), 513-518.
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Institut für Festkörperforschung
Forschungszentrum Jülich GmbH
D-52425 Jülich

Experimental Report
of Neutron Scattering Experiments
at the FRJ-2 Reactor
Proposal number:

SV7-04-003, SV7-04-007

Experiment title:

Neutron diffraction studies of magnetic transitions in TmNi4Al

Dates of experiment:

19.01.04 – 22.01.04
25.04.04 – 26.04.04
04.10.04 – 09.10.04

Experimental team:
Names
T. ToliĔski
A. Kowalczyk,

Date of report:

08.01.2005

Addresses
Institute of Molecular Physics
Polish Academy of Sciences
Smoluchowskiego 17
60-179 PoznaĔ, Poland

A. Hoser
R. Skowronek

Institut fuer Krystallographie, RWTH Aachen
MIN/ZFR (Universität Bonn)

Local Contact:

R. Skowronek, Dr. A. Hoser

Experimental report text body
We have recently carried out the comprehensive studies of the RNi4Al and RNi4B compounds (R = Y or rare
earth) [1-6]. In the case of RNi4Al the magnetic characterization has been supported by the neutron diffraction
measurements [4-6]. The RNi4Al compounds crystallize in the hexagonal CaCu5-type structure, point group
P6/mmm. Ce occupies the 1a site (0,0,0) and Ni(1) the 2c site (1/3,2/3,0). Ni(2) and Al are statistically
distributed on the 3g site (1/2,0,1/2) [4].
Our previous neutron diffraction investigations of RNi4Al for R = Nd, Tb, and Dy have shown that the
magnetic moments are ordered within the hexagonal plane [4-6]. Both the values of these moments and the
ordering temperatures were found to be in agreement with the results of the magnetometric measurements.
In 2004 we performed the first part of the measurements on TmNi4Al using the SV7 instrument [7]. The
polycrystalline TmNi4Al compounds were synthesized by the induction melting under an argon atmosphere. As
the ingot a stoichiometric amounts of the Tm, Ni and Al were used. The neutron wavelength was 1.096 Å. The
sample was contained in a cylindrical vanadium can mounted (1) in a refrigerator cryostat and (2) in a
cryomagnet with external magnetic fields up to 5 T perpendicular to the horizontal diffraction plane.
Tm and its alloys are known to create the numerous non-collinear magnetic phases, therefore this same can be
expected in the case of TmNi4Al. Indeed, we have observed that this compound, contrary to the other RNi4Al
representatives, exhibits a double phase transition (see Fig. 1). Magnetization curves as well as the neutron
diffraction pattern do not provide any evidence of the antiferromagnetic order. There is only an increase of the
intensities observed between 4.2K and 1.8K (Fig. 2). Therefore, the two peaks in the ac susceptibility may be
due to a switch between two various slightly non-collinear orders of the magnetic moments.
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The analysis of the neutron diffraction results by the full-pattern Rietveld refinements using FULLPROF
(Fig. 4) reveals a magnetic moment of about 4PB, which is larger than the value determined from the
magnetization measurements (2.6PB/fu). In these compounds the magnetic moment is only due to the rare earth,
the Ni atoms provide a negligible contribution [1-6].
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Fig. 1. Magnetic ac susceptibility. The absorption component
exhibits two peaks.
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Fig. 2. Magnetization curve measured measured in the
paramagnetic region (30K), between the two peaks of Fig.1
(4.2K), and below the lower peak (1.75K).
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Fig. 4. The neutron diffraction pattern at 4.2K refined by
FULLPROF.
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Experimental report text body
We carried out experiments with magnetic structures and phase transitions of four La1-xSrxMnO3 samples (x =
0.55; 0.65; 0.875; 0.95) on Neutron Powder Diffractometer SV7 at Research Center Jülich. The aim of
experiment was to verify the proposed phase diagram at, to fill it for x=0.95, and to search for magnetic phase
separation: ferrones in AFM matrix [2]. In our opinion it is possible to obtain the effect is coming from
ferrones. It shows in changing of magnetic peaks intensity at low temperature area which is far from the phase
transition point. It is a result from ferrones growing with the temperature increasing.
Despite a low intensity of neutron beam at SV7, it possible to illuminate some results from experiment on SV7:
1.

Our LSMO samples are showing magnetic structure: there are two low-q neutron diffraction data, which
are including peaks depends of temperature (see Fig. 3).

a

b

Fig. 3. Temperature dependence of intensity of the magnetic peaks (001) and (111) of La0.45Sr0.55MnO3 sample
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2.

The magnetic structure of the samples is changing with increase of strontium concentration. It results
from difference of magnetic peaks of different samples. The sample with x = 0.55 shows two magnetic
peaks (see Fig. 3a.), for x = 0.65, the picture is the same, but the intensity of (111) peak is lower.
However, for samples with 87.5 and 95% of strontium we have another one (1¼1) (or (¼11)) magnetic
peak, which have not at low doping samples (x = 0.55 and 0.65) (see Fig. 4.). It is very difficult to say
from our experiments which variant of indexes for this peak is correct because their d-factors are very
close to each another.

a
b
Fig. 4. Temperature dependence of intensity of the magnetic peak (1¼1) (or (¼11)) of La0.125Sr0.875MnO3
sample
3.
We found that for samples with 87.5 and 95% of Sr, transition temperature, is less than given by the
phase diagram. The same behavior of transition temperature is described at [3]. Of course it necessary to
understand this moment, but if it is true the transition line at the concentration range between 85 and
100% of strontium is looking much different that at phase diagram (see Fig. 5.).

Fig. 5. The phase diagram of LSMO (Phys. Rev. B 66, 094410(2002)). The magenta line is the transition line
result from our experiment.
This data is not enough to make any decision about physics of the phase separation and the phase transition in
complex manganites of lanthanum-strontium. Therefore that it necessary to make another experiment with
neutron powder diffraction instrument with higher intensity of neutron beam.

1.
2.
3.

Journal of Solid State Chemistry 146, 1-5 (1999)
Uspekhi Fizicheskikh Nauk 166-8, 833-858, (1996)
Physical review B 67, 094431 (2003)
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Experimental report text body
Analysis of microstructures and crystallographic preferred orientations (CPO) of quartz domains can resolve
questions about single- and polyphase deformation along ductile shear zones. The simple shear deformation
acting on quartzites induces systematic modification of the crystal lattices and results in a preferred orientiation
of crystallographic axes.
One of the prominent zones of movement in the Western Alps, the Combin zone, both possesses an unresolved
kinematic history and a thin layer of mylonitic Quartzites at its base. Along this layer, the Cimes Blanches
nappe, high-grade metamorphic ophiolitic rocks of the Zermatt zone are juxtaposed to structurally higher lowgrade metasedimentary rocks and ophiolites of the Tsaté nappe. The hiatus between eclogite- and greenschistfacies metamorphism suggests a considerable amount of offset along this zone. During the first campaign
samples were taken in the Valtournenche (Italy) north of Perreres/Varcoyes from the lower parts of the Combin
zone.
During a second campaign, samples were collected in the region of Zermatt/Saas Fee/Täsch (CH) where the
Cimes Blanches nappe contains almost continuous lenses of quartzitic rocks. The CPO patterns of nine samples
were measured and compared to microscopically visible lattice and grain shape features.
For samples CB5 and CB14 top-NW shear is both observed under the optical microscope and in the CPO
patterns. The thin section of sample CB4 shows similar top-NW shear sense. In contrast, the CPO pattern shows
a top-NE shear sense. For sample CB33 both investigation methods consistently give top-E shear sense.
From microscopic features an obvious top-NW shear sense could be deduced in samples CB7, CB8, and CB36.
However, the CPO patterns are contradictional and give, after the rotation of CPOs around the z direction of
strain, top-SE and top-SW, or even top-SW shear sense with supposedly top-SE overprinting. For sample CB3
a top-W shear sense is witnessed in thin section by the preferred grain shape structure, but the CPO pattern
indicates top-E shear.
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The CPO patterns of samples CB7, CB8, and CB36 were rotated around the z-axis of strain, i.e. the normal to
the foliation plane of these rocks, until the a-axes came to lie on the periphery of the {110}-plot. The aberration
between the orientation of the macroscopically visible stretching lineation and the shearing direction as
indicated by the CPOs implies that both features are related to different increments of deformation.
These complex data concerning the shear senses result from several phases of faulting and folding that each
could have left its overprint in the quartz microstructures, probably not beeing completely overprinted itself.
Generally, the new samples support the working hypothesis evolved after investigating the samples of the first
campaign, i.e. the Combin zone first acted as a NW-directed shear zone which later was inverted to a SEdirected normal fault zone. Hence, the context appears to be somehow more complicated in detail.
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Experimental report text body
The textures of twelve quartzitic mylonites from the Monte Rosa nappe (Penninic Alps, Southern Switzerland/Northern Italy) have been analysed in order to compare the development of textures related to three
subsequent deformation stages which have been recognised by structural geologic field work. These deformation phases D1, D2, and D3 are characterised by top-to-the-north(west), top-to-the-south to -west, and top-to-thesoutheast shearing, respectively. MR140, MR126, and MR146 are samples from the nappe’s roof in the upper
Sesia valley where D1 to D3 are connected with greenschist-facies metamorphism. In the texture of MR140,
{c}, {a}, and {m} tend to form girdle distributions only disconnected close to the centre of the diagrams
(Fig.1A). The {c} maximum and the {a} maximum lie at the periphery rotated in a clockwise sense from the
vertical and the horizontal direction, respectively, and give a top-to-the-northwest shear sense (D1). The {c}
maximum corresponds to dominant basal ¢a² slip which is typical for greenschist-facies conditions. Prominent
{c} maxima of MR126 (Fig.1B) in the upper left and lower right quadrants between the centre and the edge
may have formed by rhomb ¢a² slip. The asymmetry of the {c} pole figure and the position of the absolute {a}
maximum shallowly inclined to the left with respect to x confirm top-to-the-south shearing (D2). The texture of
MR146 (Fig.1C) was formed during D3. The c-axis girdle shows a tendency to branch into a cross girdle, and
the obliquity of the {c}, {a}, and {m} pole figures display dextral shearing.
MR160, MR167, and MR173 were taken from the Stellihorn shear zone that roughly corresponds with the
boundary between greenschist- and amphibolite-facies metamorphism within the upper and lower part of the
Monte Rosa nappe, respectively. The texture of MR160 (D1, Fig.1D) is very similar to that of MR140 and analogously interpreted. MR167 comes from a quartzitic vein within a whiteschist. The {c}pole figure, tending to
form a girdle, and {a} indicate top-to-the-west D2 shearing under greenschist-facies conditions (Fig.1E). However, the strong c-axis maximum close to the centre of the diagram may be an inherited element of the highergrade, i.e. older, metamorphic history when prism ¢a² slip was active. D2 shearing accommodated by basal ¢a²
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slip only is revealed in the texture of MR173 (Fig.1F).
Sample MR87 (Fig.1G) was taken from the structurally deepest tail-shaped northeastern continuation of
the Monte Rosa nappe (“root” zone) parallel to the Insubric Line. In this area, amphibolite-facies deformation
took place in the Monte Rosa nappe. The {c} pole figure shows a strong maximum in the centre and was formed by prism ¢a² slip which is active under higher temperatures than basal ¢a² and rhomb ¢a² slip. Neither from
this {c} maximum nor from the {a} maxima regularly distributed at the periphery of the pole figure a shear
sense can be deduced. The much weaker second maximum of {c} at the periphery, however, indicates dextral
shearing. Since the rock lies in an overturned position this shear sense is well compatible with D1. MR118 is an
exception insofar as the sample was taken from the Sesia nappe which structurally overlies the Monte Rosa
nappe. The texture (Fig.1H) shows an incomplete cross girdle of {c} which is dominated by an absolute maximum near the centre, and an {a} maximum which prooves dextral top-to-the-northeast shear sense again
ascribed to D1. Compared to MR87, the texture seems to be affected by lower-grade metamorphism. This might
imply that the Monte Rosa and Sesia nappes experienced D1 under different metamorphic conditions and were
juxtaposed only later during D2 and D3.
Since many of the textures shown here seem to contain remnants formed during earlier strain increments
(i.e. connected with higher-grade metamorphism) whose macroscopic structures are not bequeathed (e.g.
MR167, MR118), grain-shape analyses will be carried out in the further course of our studies in order to better
understand the overprinting effects.
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Experimental report text body
Ammine copper(I) cyanamide, Cu4(NCN)2NH3, was obtained as a white powder from the reaction between
CuCl and H2NCN in concentrated ammonia solution. X-ray and neutron diffraction experiments yield the
hexagonal system with space group P63mc (no. 186) and a = 5.7661(1) Å, c = 10.7817(3) Å, and Z = 2. The
structure is characterized by layers of monovalent copper ions with an average Cu–Cu distance of 2.89 Å, and
the layers are connected through two crystallographically independent NCN2– units. While one Cu(I) is linearly
bonded to an NCN2– unit and an additional NH3 molecule, the other Cu(I) is also linearly coordinated but by
two NCN2– groups; the Cu–N bonds lie between 1.86–1.98 Å. The C–N bond lengths and angles evidence both
NCN2– groups as essentially linear cyanamides.
An overview of the crystal structure of Cu4(NCN)2NH3 is offered in Figure 1. The Cu atoms are found in sheets
along the hexagonal c axis, connected by two crystal-lographically different NCN2– units. A single neutral NH3
molecule augments empty coordination sites. Although the averaged Cu–Cu distance of 2.89(1) Å is truly
larger than the corresponding one within metallic copper (2.56 Å), this does not necessarily rule out weakly
attractive d10–d10 interactions between the monovalent cations (see discussion below). The deviation from the
almost planar hexagonal arrangement of the monovalent copper atoms within the sheets is caused by the small
shift of the coordinates of the Cu2 atom (0.837, 0.673, 0.232) from the ideal position (5/6, 2/3, 1/4).
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Figure 1: Crystal packing of Cu4(NCN)2NH3 with Cu atoms as large open circles, N atoms as medium-sized
open circles, C atoms as black filled circles, and H atoms as small open cirles. The unit cell is indicated with
dotted lines, and hydrogen bonds are given with dashed lines.

Table 1. Crystallographic data for Cu4(NCN)2NH3.
Formula; molar mass:

Cu4(NCN)2NH3; 351.28 g/mol

Lattice parameters:

a = b = 5.7661(1) Å
c = 10.7817(3) Å
Ȗ = 120°

Cell volume:

310.45(1) Å3

Space group; formula units:

P63mc (no.186); 2

Number of reflections:

91 (X-ray), 184 (neutron)

Rp, Rwp, RBragg (X-ray):

0.041, 0.054, 0.057

Rp, Rwp, RBragg (neutron):

0.032, 0.044, 0.126
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Experimental Report:

The magnetism of rare earth (R) – transition metal (TM) compounds with the tetragonal ThMn12 type latticestructure can be varied by substitution of magnetic TM-ions with other TM or simple metals (M). In particular,
Fe-rich compounds can be stabilised only by admixtures of other elements on the Fe-site. Such compounds
have been studied widely owing to their attractive features as materials for high-temperature. At lower
concentrations of Fe, the partial disorder leads to complex magnetic properties. These magnetic structures are
interesting to study the interplay between R-TM magnetic systems and disorder.
We have investigated the compound DyFe6Al6, which crystallises in the partially disordered CeMn4Al8- type
structure. The parent ThMn12 type structure exhibits one crystallographic site for the R (2a in Wyckoff
notation) and three different crystallographic sites for TM and M (8f, 8j and 8i). In these RFe6Al6 compounds,
the 8j site is occupied by Fe, and the 8j site partially by Fe and Al, whereas the 8i site is fully occupied by Al.
DyFe6Al6 orders ferrimagnetically (Curie temperature (TC) of 340 K). Ferrimagnetic order was also found in
RFe6Al6 compounds with R = Tb, Ho, Er [1]. Due to the high Fe content, Dy and Fe order simultaneously at TC
in contrast to DyFe4Al8 compounds (see e.g. [2]). The low temperature behaviour of DyFe6Al6 is anomalous
with vanishing spontaneous magnetisation (Msp) for T < 40 K (see e.g. [3]). The macroscopic magnetisation
behaviour at these low temperature is antiferromagnetic. In particular, no saturation can be achieved in fields up
to 45 T [4].
We performed neutron diffraction experiments on powder material to clarify the magnetic ordering at low
temperature. The sample was prepared by arc melting, melt spinning, and annealing (for details see [5]).
Neutron diffraction measurements of the DyFe6Al6 powder were performed on instrument SV7 using wave
length of λ = 1.0959 Å in the angle range 2Θ = 3° – 90°. Fixed temperature diffractograms were measured at
different temperatures T = 400, 293, 220, 150, 40 and 4 K. The nuclear and the magnetic structure is analysed
by Rietveld refinements using FULLPROF [6].
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The crystallographic refinement confirms the occupation of Dy on 2a, Fe on 8f, Fe (46 at%) and Al (54 at%)
on 8j and Al on 8i as was found in [1]. In addition, a small amount (3 wt %) of AlFe (B2-structure) impurity
was identified. The crystal parameters of the tetragonal lattice cell for DyFe6Al6 (space group I4/mmm) at
293 K were determined as a=8.635(2) Å and c=5.020(2) Å. The diffraction pattern at 4 K is shown in Figure 1
along with a refinement and the difference between refinement and measured data (lower curve). Figure 2
shows the temperature dependence of the integrated intensities of the magnetic 110, 101 and 211 peaks.
Measurement
Refinement
Difference
position of Bragg peaks (structure, magnetic, AlFe)

600

Intensity of magnetic reflections

Intensity [arb. units]

Intensity [arb. units]

3
λ = 1.0959 Å
T=4K

2
1
0
-1
5

101
110
211

400

200

0

10 15 20 25 30 35 40 45
angle 2Θ [°]

0

Figure 1: Measured and refined diffraction pattern at
4 K. Vertical lines indicate the positions of the
nuclear reflections, the magnetic lattice and the AlFe
(B2-structure) impurity.

100

200
300
Temperature [K]

400

Figure 2: Temperature dependence of some magnetic
reflections (101, 110, 211) of DyFe6Al6

The refinement of the magnetic structure was performed by assuming a ferrimagnetic ordering in the
tetragonal basal plane (perpendicular to the c axis).
Fe 8f / 8j [µB]
Temperature [K]
Dy 2a [µB]
Consistent fits were obtained by constraining the
293
2.2(9)
-1.6(7)
magnetic moments of the Fe ions on the 8f and 8j
220
5.3(6)
-1.8(5)
sites antiparallel to the Dy moments. The direction of
150
6.9(5)
-2.4(4)
magnetisation was restricted to the a axis (equivalent
40
11.3(4)
-2.6(3)
to b). The values of magnetisation of the magnetic
4
10.7(4)
-2.8(3)
ions are shown in the table at different temperatures:
The ordered magnetic moments increase with decreasing temperature in contrast to the macroscopic M(T)
measurements and the observed Msp(T) (see [3,4,7]), but the ordering is sluggish on both sublattices indicating
a influence of disorder. The (local) ferrimagnetic ordering persists down to the low temperature region. This
result rules out a spin-glass state at low temperatures. A modulated state with non-collinear magnetic order
within each sublattice (similar to the helical order in DyFe4Al8 at low temperatures) can explain the observed
macroscopic behaviour [4]. However, no additional magnetic Bragg-peaks or satellites intensities/satellites due
to an antiferromagnetic ordering were observed at low temperature. Therefore, the modulation appears to have
a long-period or cannot be observed by magnetic neutron diffraction data. The magnetic structure may consist
of locally collinearly ordered ferrimagnetic regions modulated by the effect of disorder in a non-periodic
“sperimagnetic” manner. Further experiments are needed to understand the magnetic order of DyFe6Al6.
Acknowledgement: This work is supported by BMBF project: 03SC5DRE.
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Introduction and Experimental
LiAg2Sn was prepared by reaction of the elements in sealed tantalum ampoules at 970 K. The tubes were
subsequently annealed at 720 K for five days. The stannide was investigated by X-ray diffraction
on powders
_
and single crystals and the structure was refined first from single crystal X-ray data: Fm3m, a = 659.2(2) pm,
wR2 = 0.0450, 69 F2 values with 5 variables. LiAg2Sn crystallizes with a ternary ordered version of the BiF3
structure. The silver and tin atoms form an antifluorite structure of composition Ag2Sn (285 pm Ag–Sn) in
which the lithium atoms fill octahedral voids [1].
5 g of LiAg2Sn were prepared by the above stated preparation synthesis procedure in form of single-phase
material. We have analyzed polycrystalline pieces of the sample by inductively coupled plasma optic emission
spectrometry using a SPECTRO CIROS ICP-OES. The samples were dissolved in aqua regia. Analyses revealed
slightly less lithium than the ideal composition LiAg2Sn.
Objectives
Due to the weak scattering power of lithium using X-ray diffraction, the employment of neutron data should
greatly enhance the determination of the lithium content of LiAg2Sn. The ratios of the scattering lengths of
lithium, tin, and silver are more favorable for the refinement of the lithium atoms.
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Results
LiAg2Sn was measured at room temperature. Fig. 1 presents the neutron diffraction pattern of LiAg2Sn. Fullpattern rietveld refinements using FULLPROF have been performed. The lattice_ parameters match those derived
from X-ray diffraction: O = 109.59 pm, a = 659.37(7) pm; space group Fm3m, RP = 12.2 RF = 5.1. Lithium
occupies the site 4a: 0, 0, 0, silver 8c: 1/4, 1/4, 1/4, and tin 4b: 1/2, 1/2, 1/2. Whereas the lithium occupancy
could not be refined well with X-ray data, the neutron data allowed to refine the lithium site occupancy and also
to obtain reasonable displacement parameters for lithium. The refined values were B(Li) = 2.1(4), B(Ag) =
1.25(6), B(Sn) = 0.74(6), and for the lithium occupancy 75(4) %. The latter occupancy is low, but correlates
with the isotropic displacement parameter. The lower lithium occupancy points toward a possible mobility of
the lithium atoms as has been shown by our NMR measurements. Therefore, the refined low occupancy of the
lithium site is a consequence of the lithium mobility.
Conclusion
The structure of LiAg2Sn has been refined from X-ray powder and single crystal data augmented by neutron
powder data. The neutron data support the assumption of lithium mobility above room temperature.

Fig. 1: Room temperature neutron powder diffraction Rietveld analysis of LiAg2Sn.
Acknowledgments: We are indebted to W. Buscher and A. Klostermeyer for ICP measurements. This work
was financially supported by the Deutsche Forschungsgemeinschaft through SFB 458 Ionenbewegung in
Materialien mit ungeordneten Strukturen.
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Experimental report text body
Three dimensional solids with axial lattice symmetry can be one dimensional (1D) magnets if the exchange
interactions along the symmetry axis are significantly larger compared to the interactions perpendicular to this
axis [1]. For the ratio of longitudinal to transverse interactions a threshold value must exist in order to make the
transverse interactions non relevant. The phase transition is then driven by the relevant 1D interactions along
the main symmetry axis. As a consequence, particular critical exponents can be expected at the 1D phase
transition.
We have identified FeF2, MnF2, CoF2, FeF3, LaFeO3, FeBO3, CsFeF4, YFe10Mo2 as 1D magnets. MnF2 is the
best investigated material. In pioneering experimental studies it was shown [2,3] that only the correlation length
parallel to the tetragonal c-axis diverges, while the transverse correlation length stays constant at a temperature
independent finite value of 2nm only. The experimentally observed critical indices are consistent with the 3D
Ising model. The idealized values are E=1/3 [4], J=5/4 [3,5], G=19/4 and Q=23/36#0.64. Note, however, that
there is no significant single particle anisotropy in these compounds. For MnF2, for instance, the assumption of
a quenched orbital moment and, as a consequence, pure spin magnetism holds perfectly as can be concluded
from the isotropic paramagnetic susceptibility [6]. The observed magnon excitation gaps [7,8] and the Ising
critical behaviour therefore result by the anisotropic exchange interactions. In the 3D Ising critical universality
class the lattice dimensionality is d=3. Nevertheless are these magnets magnetically one dimensional.
One dimensional magnets remain one dimensional until To0 simply because there is no lower symmetry class.
Crossover to another universality class is therefore not possible. As a consequence, saturation of the magnetic
order parameter for To0 must also reflect the one dimensional magnetic properties. Since T=0 is a stable fixed
point a single power function holds for the order parameter over a considerable temperature range for To0.
Note that this power law behaviour is at variance with the Ising behaviour at the stable fixed point T=Tc but
conforms to the negligible single particle anisotropy, i.e. the spin degrees of freedom are 3.
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The universality classes for To0 are now well known empirically [9]. These universality classes are
represented by power functions of absolute temperature with particular exponents. In 1D magnets the power
law is T3 for integer spins but T5/2 for half integer spins.
CrF2 with the tetragonal rutile structure is not investigated in much detail [10]. Since the other isomorphous bifluorides are magnetically one-dimensional we have performed neutron diffraction investigations of a powder
sample in order to verify whether this antiferromagnet with S=2 is also 1D. Fig. 1 shows our results for the
sublattice magnetization on a T3 temperature scale. Although these data have not the highest precision they are
consistent with the results obtained for FeF2 [5,11] with also S=2: the power function for To0 is T3 and for
ToTN it is (TN –T)1/3. Note that these exponents mean an identical behaviour at the two singular points since
the exponent H at T=0 must be compared with 1/E at T=Tc.
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Experimental report text body
Für das Verständnis der Entwicklung senkrecht zueinander stehender krustaler Faltenteilstrukturen sind
umfassende Untersuchungen der Makro- und Mikrogefüge von entscheidender Bedeutung. Sie bilden die
Grundlage für die Erforschung der Entstehung Metamorpher Kernkomplexe und krustalen Domstrukturen, die
in vielen Orogenen weltweit auftreten. In diesem Zusammenhang war auch die Quantifizierung der
kristallographischen Vorzugsorientierung einzelner Proben aus verschiedenen Bereichen der Faltenstrukturen
und verschiedener krustaler Stockwerke notwendig. Die Ergebnisse dienen auch der Charakterisierung der
anisotropen physikalischen Eigenschaften von Marmoren und sollen beim Verständnis der
Verwitterungsbeständigkeit beim Einsatz als Werksteine helfen. Bei dem Probenmaterial handelt es sich meist
um grobkristallinen Marmor, weshalb auch Neutronentexturmesssungen erforderlich waren. Durch die
vollständige Durchdringung des Probenmaterials, ermöglichten die am SV7 durchgeführten Messungen
statistisch relevante Texturen der gemessenen Proben.
Die Messungen ergaben, dass in den untersuchten Faltenteilstrukturen unterschiedliche Texturtypen auftraten,
die im Zusammenhang mit den anderen beobachteten Gefügen deutliche Hinweise auf die
Deformationsbedingungen und die Entstehung dieser Texturtypen ergaben. Es zeigte sich dabei einmal der
Texturtyp mit einem Doppelmaximum der c-Achsen senkrecht zur Foliation (Abb. 1). Dieser Typ wurde
bislang als Hochtemperaturtyp erkannt, konnte aber in dem vorliegenden Zusammenhang aber nicht als solcher
klassifiziert werden.
Der zweite Texturtyp zeigt ein einfaches c-Achsen Maximum senkrecht zur Foliation (Abb. 2). Dieser
Texturtyp tritt in verschiedenen Niveaus der untersuchten Faltenteilstrukturen am häufigsten auf. Eine Variante
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dieses Texturtyps zeigt ein in Richtung der Foliationsebene geneigtes c-Achsen Maximum (Abb. 3). Die
Richtung der Neigung zeigt bei einigen Proben auch die Richtung des Schersinns an, welcher aus anderen
Gefügebeobachtungen abgeleitet werden konnte.
Eine andere Varietät des Texturtyps mit einfachem c-Achsen Maximum zeigt einen c-Achsen-Teilgürtel um das
Streckungslinear (Abb. 4). Dies deutet im Vergleich zu den anderen untersuchten Proben auf einen
komplexeren Deformationspfad hin.

Abb. 1

Abb. 2

Abb. 3

Abb. 4

Insgesamt ließen sich durch die Korrelation der unterschiedlichen Texturen und Texturtypen mit den Makround Mikrogefügen der Faltenteilstrukturen erste Modellvorstellungen zur Texturentwicklung in überlagerten
Deformationsfeldern entwickeln. Die Daten müssen nun noch im Detail mit den Geländebefunden korreliert
werden.
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Introduction
Pyrochlore oxides of the chemical formula A2B2O7, where A is a rare-earth ion and B is a transition-metal ion,
has the face-centered-cubic structure with space group Fd3m and eight molecules of its general formula in a
unit cell. In the RE2Ru2O7 (RE=rare earth and Y), Ru has a partially filled 4d shell and possesses a magnetic
moment, and RE and Ru form two individual networks of corner-sharing tetrahedrons1,2. It was reported that all
the RE2Ru2O7 show a specific heat jump in the temperature range 75-160K which is correlated with the rareearth ioinic size. In Tb2Ru2O7, the specific heat jump was reported at 110 K, and an additional magnetic
transition was observed at 3.4 K by magnetization measurement3. This magnetic transition was considered to be
associated with the magnetic interactions between Tb+3. The experimental results on Nd2Ru2O7 show that
magnetic properties of this compound are complicated4. The specific heat for Ru+4 ordering is at 145 K, and a
spin glass transition is observed at 20 K4.
Experimental
Experiments were performed by using orange cryostat for different temperature ranges from 1.7 K to room
temperature. Neutron wavelength of 1.096 A was selected for the diffraction experiments. Five grams each of
Tb2Ru2O7 and Nd2Ru2O7 powder samples were prepared and characterized by powder x-rays diffraction, and
reveals that the sample is in single phase within the accuracy limits of a few percent.
Results
Fig. 1 (A) shows the diffraction spectra of Tb2Ru2O7 at different temperatures. The strength of peak 111 at 7 K
indicates that the magnetic contribution is from Tb3+ instead of Ru4+. Around 3.5 K, the second magnetic
ordering has been formed and the peaks 110 and 100 are observed at lower angles. The intensities of the first
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Fig. 1 (A) the diffraction spectra of Tb2Ru2O7 at different temperatures. (B) The intensities of the first three
peaks between temperatures 1.5 K to 100 K
peaks between temperatures 1.5 K to 100 K are plotted as Fig. 1(B). The intensities of 110 and 100 above 7 K
are set to zero because of their unobservable from the spectra. From our earlier magnetization studies, no
obvious magnetic response was observed above 3.5 K. Further analysis or experiments are necessary to tell
whether these two magnetic orderings are from magnetic phase transition or two separated Tb sites.
The experimental results of Nd2Ru2O7 are shown as Fig. 2. Only weak magnetic ordering from Ru4+ was
observed down to the 1.6 K. From our previous magnetization measurements, two unusual transitions were
found at 145 K and 20 K. The Ru+4 ordering can be well explained by the first unusual magnetic transition at
145 K. However, no clear evidence corresponding to the transition at 20 K was observed in the range of data
resolution.
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Fig. 2 the diffraction spectra of Nd2Ru2O7 at
different temperatures. Some weak magnetic peaks
from Ru4+ ordering were observed below 145 K.

Intensity (a.u.)

400
300
200
100
0

5

10

15

20

25

30

35

2 theta

References
1.
M. Ito, Y. Yasui, M. Kanada, H. Harashina, S. Yoshi, K. Murata, M. Sato, H. Okumura, and K. Kakurai,
J. Phys. Chem. Solids 62, 337 (2001).
2.
C. Bansal, H. Kawanaka, H. Bando, and Y. Nishihara, Phys. Rev. B 66, 52406 (2002).
3.
N. Taira, M. Wakeshima, and Y. Hinatsu, J. Mater. Chem. 12, 1475 (2002).
4.
N. Taira, M. Wakeshima, and Y. Hinatsu, J. Solid State. Chem. 152, 441 (2000).

Form Version: 19.02.03

2

32

Institut für Festkörperforschung
Forschungszentrum Jülich GmbH
D-52425 Jülich

Experimental Report
of Neutron Scattering Experiments
at the FRJ-2 Reactor
Proposal number:

SV7-04-017

Experiment title:

Neutron Diffraction Study of Nanocrystalline and Microcrystalline (K0.5,Na0.5)NbO3
powders

Dates of experiment:

14.06.04 – 18.06.04
26.06.04 – 26.06.04
31.07.04 – 10.09.04
13.09.04 – 17.09.04
05.07.04 – 05.07.04

Date of report:

19.02.2005

Experimental team:
Names
Mr. Rolf Skowronek
Dr. Jens Walter

Addresses
Neutron Diffraction Departement of the Mineralogic-Petrological Institute of Bonn
University at the Forschungszentrum Jülich GmbH, MIN/ZFR, D-52425 Jülich

Dr. Christian Pithan
Dr. Yosuke Shiratori

Institute for Electronic Materials, Institute for Solid State Research, Forschungszentrum Jülich GmbH, D-52425 Jülich

Dr. Arnaud Magrez

Laboratory for Nanostructures and Novel Electronic Materials, Institute of Physics
and Complex Matter, École Polytechnique de Lausanne, CH-1015 Lausanne

Local Contact:

Mr. Rolf Skowronek, Dr. Jens Walter

Experimental report text body
Particle size-induced phase transformation in (K0.5,Na0.5)NbO3 (KNN) powders prepared through
microemulsion mediated synthesis was recently discovered by a combinatory study of X-ray diffraction and
Raman spectroscopy [1]. In the case of coarse powders with an average particle size of > 200 nm a monoclinic
crystallographic structure was assigned. On the other hand, the X-ray diffraction patterns recorded for fine
powders (< 200 nm) were refined as triclinic profiles. Regarding the X-ray extinction rule and nuclear site
group analysis of the optical phonons, different possible space groups were suggested for both structures
(monoclinic: Pm or P2, triclinic: P1 or P-1). So far, based on the Raman scattering profiles, triclinic P-1
modification is believed to be excluded from the possible structures of the fine-particle.
KNN and related compounds have attracted much attention in recent years since they are believed to be
the next generation of lead-free piezoelectric materials [2-4]. However, sinteractive and therefore extremely
fine powders are necessary in order to overcome the difficulty of consolidation of KNN-related compounds by
natural, pressureless sintering [1, 5]. Because most piezoelectric properties are directly related to the space
group of the crystal lattic, the crystallographic structure for these nano-powders must be determined. Neutron
diffraction measurements and the refinement of the obtained patterns gave us additional information about true
crystallographic modifications. Fine (< 200 nm)- and coarse (> 200 nm)-KNN powders have been prepared
through microemulsion mediated synthesis and subsequent annealing treatments. Neutron diffraction patterns
were recorded at room temperature in with a wavelength of 1.09 Å by using a vanadium sample container under
vaccum conditions.
Figs. 1 and 2 show the neutron diffraction patterns of the coarse and fine powders and their refined traces.
Bets fitting results were obtained for the Pm and P1 space groups, respectively. The obtained lattice parameters
are consistent with the results of X-ray diffractions. The possible space groups (Pm and P1), which gave better
refinements, are also consistent with the suggestions from the vibrational spectroscopic view point.
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Monoclinic, Pm
Z=1
a = 4.0057 Å
b = 3.9449 Å
c = 3.9952 Å
E = 90.346 q

Fig. 1. Neutron diffraction pattern recorded for the KNN coarse-powder and its refined trace as monoclinic Pm lattice.

Triclinic, P1
Z=2
a = 5.6698 Å
b = 3.9555 Å
c = 5.6097 Å
D =89.836 q
E = 90.674 q
J = 90.277 q

Fig. 2. Neutron diffraction pattern recorded for the KNN fine-powder and its refined trace as triclinic P1 lattice.

The neutron diffraction results and their refinements in combination with the results of X-ray diffraction
and Raman spectroscopy strongly support the size-induced phase transformation from monoclinic Pm to
triclinic P1 modifications at a critical value of 200 nm with decreasing particle size. Both lattices have no
inversion center, which is the origin of piezoelectric properties. This is essential information to develop
electroceramics by using KNN powders derived from microemulsion mediated synthesis.
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Introduction and Experimental
Li2AuSn2 was prepared by reaction of the elements in sealed tantalum ampoules at 970 K. The tubes were
subsequently annealed at 720 K for five days. The stannide was investigated by X-ray diffraction on powders
and single crystals and the structure was refined first from single crystal X-ray data: I41/amd, a = 455.6(7) pm,
c = 1957.441) pm, wR2 = 0.0681, 278 F2 values with 10 variables. Li2AuSn2 crystallizes with a new structure
type. The gold atoms have a slightly distorted tetrahedral tin coordination with Au–Sn distances of 273 pm.
These tetrahedra are condensed via common corners leading to two-dimensional layers AuSn2/2. Sn–Sn bonds
connect these layers in the third dimension. [1].
5 g of Li2AuSn2 were prepared by the above stated preparation synthesis procedure in form of single-phase
material. We have analyzed polycrystalline pieces of the sample by inductively coupled plasma optic emission
spectrometry using a SPECTRO CIROS ICP-OES. The samples were dissolved in aqua regia. Analyses revealed
the composition Li1.94(2)AuSn2.
Objectives
Due to the weak scattering power of lithium using X-ray diffraction, the employment of neutron data should
greatly enhance the determination of the lithium content of Li2AuSn2. The ratios of the scattering lengths of
lithium, tin, and gold are more favorable for the refinement of the lithium atoms. In addition, the refinement of
the lithium position at different temperatures should give additional insight into the lithium mobility as has been
proved by 7Li solid state NMR [1].
Form Version: 19.02.03

1

35

Results
Li2AuSn2 was measured at room temperature and 350 K. Fig. 1 presents the neutron diffraction pattern of
Li2AuSn2 recorded at room temperature. Full-pattern rietveld refinements using FULLPROF have been
performed. A small impurity phase could be indexed and was simultaneously refined. The lattice parameters at
room temperature match those derived from X-ray diffraction: O = 109.59 pm, a = 456.69(6) pm and c = 1962.3
(4) pm; space group I41/amd, RP = 9.91 RF = 5.4. Lithium occupies the site 4e: 0, 1/4, 0.0532(9), gold 4b: 1/2,
1/4, 1/8, tin 8e: 0, 1/4, 0.0483(3). Whereas the lithium occupancy could not be refined well with X-ray data, the
neutron data allowed to refine the lithium site occupancy and also to obtain reasonable displacement parameters
for lithium. The refined values were B(Li) = 2.0(4), B(Au) = 1.5(2), B(Sn) = 1.3(1), and for the lithium
occupancy 85(5) %. The latter occupancy is low, but correlates with the isotropic displacement parameter. The
lower lithium occupancy points toward a possible mobility of the lithium atoms as has been shown by our NMR
measurements. At 350 K the neutron pattern displays unfortunately an additional small impurity phase
hampering the refinement: O = 109.59 pm, a = 456.7(1) pm and c = 1966(1) pm; RP = 10.7 RF = 7.8. The
occupancy parameter of the lithium site decreased to 15(5) %. The displacements parameters of lithium, gold,
and tin were about twice as large as those derived at room temperature. The measurements were repeated at 295
K and again at 400 K with shorter counting times. The patterns at 295, 350, and 400 K could be distinguished
by two peaks near 64°, which reversibly have different intensities. Therefore, the refined low occupancy of the
lithium site is a consequence of the lithium mobility.
Conclusion
The structure of Li2AuSn2 has been refined from X-ray powder and single crystal data augmented by neutron
powder data. The neutron data support the assumption of lithium mobility slightly above room temperature.

4800
4100

Intensity (a.u.)

3400
2700
2000
1300
600
-100
-800
0

10

20

30

40

50

60

70

80

Fig. 1: Room temperature neutron powder diffraction Rietveld analysis of Li2AuSn2.
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Many polymeric materials in practical use contain plasticisers (low molecular additives) to tailor their physical
properties to particular technical needs. The well known plasticization effect consists in the reduction of the
glass transition temperature Tg. However, in the glassy state below Tg the polymer/plasticiser mixtures are
usually not “plasticised” but rather found to be harder and more brittle than their parent polymers, they are in
fact “antiplasticized”. It is believed that this phenomenon is directly related to the fact that in many
polymer/plasticiser mixtures the secondary processes (in particular the ȕ relaxation) are suppressed or at least
drastically reduced. Although several models (mainly based on the ill-defined “free-volume” concept) have
been proposed, a complete understanding of the plasticisation/antiplasticisation mechanisms has not been
achieved yet. It is clear that the solution of this problem is demanding for a cooperation between relaxation and
neutron scattering techniques, using different spectrometers and covering a very broad time and Q range.
For this purpose the samples have already been measured by Neutron Spin Echo (NSE) and Dielectric
Spectroscopy. In the course of the evaluation of the NSE data it turned out that the static structure factor is not
known for the samples containing the plasticiser DOP (dioctylphthalate). In order to achieve a better
understanding of the NSE results a knowledge of S(Q) is indispensable.
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Unfortunately, it turned out that among the remaining samples from earlier experiments only one was
completely deuterated in its PVC and DOP component. It contained 8% d-DOP. For all other samples the
(coherent) S(Q) was swamped by incoherent scattering. Even for the perdeuterated sample the amount of
material was low and a whole day was necessary for a single diffractogram. A careful subtraction of the sample
can background had to be done. The result is shown in the following figure for room temperature (red points):
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The comparison with S(Q) of pure PVC from an earlier experiment on SV-4 (blue points) shows that there is no
big difference induced by the plasticization. There may be a slight shift of the main peak towards higher Q
indicating a 5% increase in density. Also the intensity at Q values below the peak turned out to be smaller in the
plasticised PVC. An effect of that size cannot be explained by a change of compressibility (which also would
effect the opposite behaviour because DOP/PVC is softer). Rather it can be concluded that the inhomogeneities
present in PVC are flattened out by the plasticizer.
Concerning the evaluation of the NSE experiments one can conclude that the choice of Q = 1.2 Å–1 for the
structure factor peak was correct for both the native and the plasticized PVC.
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Neutron Diffractometer (SV28)

Instrument Parameters
Diffractometer 1

Diffractometer 2

Monochromator (reflection):

Cu (220)

Cu (200)

Wavelength:

0.087 nm

0.124 nm

2.5 u 106 n/cm2s

2.55 u 106 n/cm2s

0.5°

0.5°

Neutron flux density:
Mean FWHM of the Bragg
reflections:

3

Detector, monitor:
Inner diameter of the Eulerian
cradle:

He tubes, fission chambers

40 cm

25 cm

PC 486 Linux, interface type Stoe, stepping motor drive (steps
of 0.005°), angle encoders with a resolution of 0.005°.

Diffractometer control:

Instrument Responsible
Dr. Anja Loose

Tel. +49-(0)-2461-61-3140
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Email: a.loose@fz-juelich.de
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Experimental report text body
The crystals of halogenoantimoantes(III) with the general formula RaSbbXc, where R corresponds to an organic cation, X is a
halogen atom (Cl, Br and/or I) and a, b, c are stoichiometric coefficients related through c = a + 3b, have been widely investigated
due to their complex crystal chemistry and interesting physical properties connected to the different phase transitions [1,2]. The main
interest has been focused on the structural phase transitions and the complex crystal chemistry of these compounds. They are
molecular-ionic salts with anionic sublattices composed of deformed [SbCl6]3– octahedra. Most often the octahedra are typically
connected with each other by bridging Cl atoms forming polyanionic layers. Organic cations, located in anionic cavities are connected
to anions by N–H…Cl and C–H…Cl hydrogen bonds. Generally in the group of chloroantimonates(III) the environment of Sb(III) is
almost always distorted [2,3]. In series of our earlier works we have correlated the differences in the Sb–Cl bond lengths to:
1. Primary deformation resulting of the tendency of [SbCl6]3- octahedra to share Cl atoms,
2. Secondary deformation resulting of the presence of intermolecular interactions such as hydrogen bonds, which additionally
distort [SbCl6]3- octahedra shifting Cl atoms in the direction of a positive charge located on cations.
We noticed, that significant changes of Sb–Cl bond lengths and Cl–Sb–Cl angles take place at phase transitions. The largest
changes are associated with changes in the hydrogen bonding scheme across the phase transition. Smaller changes, however are also
taking place by decrease of atom librations on decreasing temperature [4].
Tris(dimethylammonium) nonachlorodiantimonate(III) DMACA, [(CH3)2NH2]3[Sb2Cl9], taking into account its polar properties,
is one of the most interesting chloroantimonate(III). It exhibits ferroelectricity below 242 K. The structure of DMACA was
determined at 200 and 298 K, above and below the para-ferroelectric phase transition reported at 242 K (P21/c-Pc) [3]. The
coordination sphere of each octahedron composes of three bridging and three terminal Cl atoms. At both temperatures the anionic
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sublattice of DMACA is composed of [SbCl6]3– octahedra that share cis corners, leading to the formation of characteristic sixmembered [Sb6Cl36]18– rings, which finally are connected to each other forming polyanionic [{Sb2Cl9}n]3n– layers in the bc plane of
the crystal. Two out of three crystallographically independent [(CH3)2NH2]+ dimethylammonium cations are located between the
inorganic layers, whereas the third one is embedded inside the six-membered ring.
We have decided to determine the structure of [(CD3)2ND2]3[Sb2Cl9] (DMACAD) at lowest possible temperature (10 K) to see
what difference in bonds geometry is taking place on decrease of temperature to lowest possible. The neutron diffraction studies have
been chosen to determine precisely the position of hydrogen atoms and their influence on geometry of deformation of the polyanionic
lattice.
The structure of DMACAD salt was investigated at 10 K using the single-crystal X-ray diffraction method. At both temperatures
200 K and 10 K, the polar Pc space group is present. The structure is built of polyanionic [{Sb2Cl9}n]3n– layers and [(CD3)2ND2]+
cations. The interionic interactions as well as hydrogen bonds have the strong influence on the deformation of the basic inorganic
building blocks - [SbCl6]3– octahedra, especially in the case of the geometrical parameters related to bridging, the furthest from the
central atom located, ligands. The crystals of DMACAD undergo one phase transition close to 242 K. The mechanism of this
structural phase transition is mainly associated with freezing the reorientations of the dimethylammonium cations.
In the structure of DMACAD the longest Sb–Cl bonds correspond to the bridging chlorine atoms and the shortest to the terminal,
opposite to the bridging ones (trans influence). The longest distances are 3.146(4) and 3.247(4) Å, while the shortest are 2.402(4) and
2.405(4) Å within Sb1 and the Sb2 octahedron. The Cl–Sb–Cl angles involving chlorine atoms mutually cis range from 81.75(12) to
103.18(12)º while those trans located are between 153.39(10) and 173.58(12)º. In all the structures the Sb–Cl bond lengths are in the
same order - the longest are bridging, and the shortest terminal. Additionally, the N–D···Cl and C–D···Cl hydrogen bonds between
oppositely charged moieties also contribute to the deformation of the [SbCl6]3– polyhedra.
The literature explains that the distortions of the [SbCl6]3– octahedra are mainly related to two reasons.
(I) The tendency of [SbCl6]3– octahedra to share bridging Cl atoms resulting in formation of polyanionic units This is inseparable
from the stereochemical activity of the 5s lone electron pair located on the SbIII atom. The lone electron pair is assumed to occupy the
spherical 5s orbital leaving the p and d orbitals to form octahedral hybrid [8, 9].
(II) The presence of different in geometry and strength N···Cl and C···Cl interactions, which additionally move Cl atoms in the
direction of organic cations. In our previously reported papers we have proved that these two phenomena, called the primary and
secondary deformation, are responsible for the differences in the Sb–Cl bond lengths and Cl–Sb–Cl angles [e.g. 10].
In the structure of DMACA the influence of hydrogen bonds is visible in the case of bridging Cl4, Cl6, Cl8 and Cl9 atoms.
Unfortunately, taking into account the D···A distances (the strongest N–D···Cl hydrogen bonds are formed to the bridging Cl atoms), it
is rather difficult to separate and unambiguously determine the influence of the type of inorganic sublattice and, at the same time, the
hydrogen bonds on the deformation of anionic layers. In the low-temperature phase of DMACA the arrangement of the chloro ligands
around the antimony(III) atoms similarly deviates from the ideal octahedral geometry as compared to the structure at 200 K. The Sb–
Cl bond lengths are in the same order. The difference in bond lengths of the Sb–Cl bonds vary from 0 to 0.053(4) Å in comparison
with the Sb–Cl bond lengths at 200 K.
References:
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Experimental report text body
TlH2PO4 (TDP) belongs to the family of hydrogen-bonded (anti)ferroelectric materials of KH2PO4 (KDP) type.
This compound shows two phase transitions at T1 = 357K and T2 = 230K. The transition at 357K is known to
be ferroelastic. In the ferroelastic phase of TlH2PO4 there exists a partial proton ordering in hydrogen bonds
before the PO4 groups : one of three hydrogen bonds is asymmetric (ordered), whereas the other symmetric
hydrogen bonds are disordered. Single crystals of TDP were investigated at room temperature, 240K and 210K
by neutron diffraction. At room temperature a detailed structure analysis shows the partial proton ordering in
2
space group P1 1 1 . At 240K, slightly above the structural phase transition the asymmetry of the one ordered
a
hydrogen bond is pronounced. At this temperature the lattice parameters are a = 14.26(2) Å, b = 4.517(9) Å, c =
6.497(9) Å and ȕ = 92.18(13)°. In order to solve the crystal structure of low-temperature phase measurements
at 210K were carried out. From this structure analysis a complete proton ordering in all hydrogen bonds was
obtained. This means that all hydrogen bonds are asymmetrical. However, due to crystal twinning it was
impossible to refine anisotropic displacement parameters. Following lattice parameters are obtained : a =
28.483(12) Å, b = 9.016(5) Å, c = 6.502(3) Å, Į = 90.09(5)°, ȕ = 92.21(3)° and Ȗ = 90.49(3)°.To identify the
character of the phase transition the (802)-reflection was investigated with Ȧ – Scan technique on cooling and
heating. Below the phase transition temperature a broadening and finally splitting of the reflection was
observed. This effect in related to the twinning of the crystal according to the symmetry reduction

2
( P1 1 1 o P 1 ) at the phase transition. In addition a huge increase of the integral intensity of the reflection
a
occurs at the phase transition temperature. This effect can be explained by the sudden reduction of extinction
related to the appearance of the twin domains at the phase transition of first order type.
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Both observations, the broadening / splitting and the intensity increase of the reflection, are completely
reversible without any significant hysteresis. The excellent quality of the sample crystal grown from aqueous
solution is maintained in the room temperature phase. Also the rapid change of the reflex was observed, which
indicates that this phase transition is first order in character. But no hysteresis was observed.
According to the above mentioned fact it could be conclude that the crystal system of TDP at low-temperature
seems to be triclinic. But this crystal shows the monoclinic system at the room-temperature. The phase
transition between the room- temperature phase and the low-temperature phase is first order.

Fig 1. Crystal structure of TDP at 240K (room-temperature phase)

Fig.2 Crystal structure of TDP at 210K (low-temperature phase)
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Fig.3 Temperature dependent change of the FWHM of reflection (802)
(red : heating, blue : cooling)

Fig.4 Temperature dependent change of the integral intensity of reflection (802)
(red : heating, blue : cooling)
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Experimental report text body
( Please use 12 pt letters here ! )
According to our systematic examination about the coordination chemistry of zinc(II), we have
learned that the existence of coordination polymers based on octahedral zinc(II) is limited to chlorine
as bridging halogen ligand and to a narrow selection of pyridine derivatives, i.e. 3,5-dichloropyridine
and 3,5-dibromopyridine. Based on single crystal X-ray data, we assume that the formation of
polymeric structures of these zinc complexes is a consequence of a subtle balance between steric
requirements of the ligands and intermolecular interactions, which involve the intrachain S stacking of
heteroaromatic pyridine ligands and intra- and intermolecular C-H…Cl interactions. Because nonclassic C-H…Cl interactions seem to play a rather important role at the formation of such
coordination polymers, we decided to recur to neutron diffraction for one of these compounds and
determine precise hydrogen atom positions for the sake of understanding their nature.
In contrast to the analogous polymeric cadmium complexes, [Zn(P-Cl)2(3,5-Cl2py)2]1 (1) and [Zn(PCl)2(3,5-Br2py)2]1 (2) is generally well soluble in ethanol and acetone. Therefore, a big tetragonalprismatic crystal of compound 1 with a size of about 3u3u11 mm3 was grown by seeding a saturated
acetone/ethanol solution of 1 with a small crystal. After cutting it halves, the crystal was suitable for a
neutron diffraction experiment on the single crystal diffractometer SV28/2 installed at the FRJ-2
research reactor in Juelich.
C-H…Cl interactions
There are two types of short C-H…Cl interactions, namely intra- and interchain ones, which involve
only coordinated chloride ions rather than covalently bonded chlorine atoms. The comparison
between X-ray and neutron data is listed in Table 1.
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C-H
C1-H1
C3-H3

C1-H1
C3-H3

Table 1 Short C-H… Cl contacts based on X-ray and neutron data
d(C-H) (Å) d(H..Cl) (Å) CHCl (q) d(C..Cl) (Å)
Cl
X-ray
0.87(3)
2.71(3)
126(2)
3.288(3)
Cl1
1.01(3)
2.79(2)
139.1(4)
3.617(3)
Cl1 [y, 1-x, -z]

1.085(3)
1.086(3)

2.593(3)
2.727(3)

Neutron
120.2(2)
137.94(5)

3.2761(12)
3.6082(16)

Cl1
Cl1 [y, 1-x, -z]

As expected, we do not observe significant differences for coordinates of heavy atoms between
X-ray and neutron results, but much more precise H atom locations from neutron than from X-ray
(Table 2). It guarantees the reliable discussion about the C-H…Cl interactions. Due to symmetry
reasons, there is one pair of intramolecular C-H…Cl contacts and another pair of intermolecular ones
around Cl ion. Intramolecular H…Cl distances are shorter than intermolecular ones (Table 1), both of
which are just in the range of such contacts sorted by Taylor and Kennard. They concluded that such
short C-H…Cl- interactions are almost certainly attractive and can reasonably be described as
hydrogen bonds based on a survey of published single crystal neutron structures.

Cl2
H3 H1

Cl1

H3
Cl2

4

H1

Zn

Fig. 1 Intra- and intermolecular C-H…Cl hydrogen bonds in the neutron structure of compound [Zn(PCl)2(3,5-Cl2py)2]1 (1). Two pairs of H…Cl contacts are marked with dotted lines.
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Experimental report text body
TlH2PO4 (TDP) and RbH2PO4 (RDP) belong to the family of hydrogen-bonded (anti)ferroelectric materials of
KH2PO4 (KDP) type. Although Rb+ and Tl+ have almost same ionic radii (1.47 Å), the crystal structures of TDP
and RDP are different.
To investigate the stability of these different phases, mixed crystals were synthesized and investigated by
neutron diffraction on single crystal. TDP undergoes an antiferroelectric phase transition at 230K and it is
monoclinic at room temperature in contrast to RDP, which has a tetragonal symmetry. RDP undergoes a
ferroelectric phase transition at 147K. Both low temperature phases (RDP : ferroelectric and TDP :
antiferroelectric) are characterized by complete proton ordering in the hydrogen bonds before the PO4 groups.
2
We have been able to show that (Rb0.5Tl0.5)H2PO4 crystallizes in the TDP structure type(space group P1 1 1 )
a
with lattice parameters a = 14.36(2) Å, b = 4.524(3) Å, c = 6.50(1) Å, ȕ = 91.8(1)°. As for TDP a partial proton
ordering with one asymmetric and two symmetric hydrogen bonds In order to calculate the exact content of Rb
and Tl following relationships were used.
b x u bTl  1  x bRb
x

b  bRb
bTl  bRb

x :Tl – content and b : the refined scattering length of the sample from the diffraction data.
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From above relationships we obtained Rb0.46Tl054H2PO4.
For the (Rb1-xTlx)H2PO4 the following principal results are obtained :
1. In the range of 0.2  x d 1 , single phase crystals of the TDP structure type can be synthesized from
aqueous solution.
2. The dominant stability of the TDP structure type is probably caused by the lone pair electrons of Tl+.
3. Rb0.46Tl054H2PO4 shows no structural phase transition at low temperature.

Fig. 1 Crystal structure of the mixed Rb-Tl crystal. The H3 proton belongs to the asymmetric hydrogen bond.
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Experimental report text body
Scientific Objective. The proposal was aimed to study a mosaic of the crystallographic structure of the single
crystal MnSi and compare it with that of the spin spiral structure. The crystallographic structure of MnSi was
found to be P213. The magnetic structure of MnSi is a helical spin density wave below 29 K with a propagation
vector (2ʌ/a)(ȗ,ȗ,ȗ) with ȗ = 0.017 and a = 0.4558 nm [1,2]. The helicity is realized by an antisymmetric
Dzyaloshinski-Moriya (DM) exchange interaction caused by the lack of a center of symmetry in Mn atomic
arrangement [3-5]. This DM interaction itself is isotropic but yet another weak exchange interaction, connected
to anisotropy of the crystal, fixes the direction of the magnetic spirals m= [S1xS2]/S2 along the axes [111].
Experimental Technique. The sample used was a disk with diameter of 20 mm and the thickness of 2 mm cut
from the single crystal of MnSi. The neutron diffraction experiments were carried out at “Reflex” at FZ Julich.
The beam with the neutron wavelength O=1.2412 Å ('O/O=0.0001) was used. The scattering intensity was
measured at room temperature T = 293 K. To study a magnetic mosaic the SANS experiment was performed at
the SANS-2 scattering facility of (GeNeSYS) at T = 10 K. The scattered neutrons were detected by a position
sensitive detector with (256x256) pixels. The single crystal was oriented in such a way that two axes [111] were
set in a plane perpendicular to the incident beam. The external magnetic field H from 1 to 400 mT was applied
perpendicularly to the incident beam and parallel to one of the axis [111].
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cps

Results. The mosaic of the crystallographic structure
10000
was measured my making a rocking curves for a large
(0,2,-3)
numbers of reflexes. Fig.1 shows its example for [0,2,8000
3] reflex. For all the reflexes the FWHM or, the
structural mosaic, was about 0.44o.
6000
On the other hand, the mosaic of the magnetic structure
was determined by measuring the rocking curve of two
4000
magnetic reflections. The FWHM of the curves exceeds
Fig.1
o
the value of 4 at H = 0 what is much bigger than that of
o
2000
the crystallographic structure (0.44 ). The magnetic
field dependence of the magnetic reflex and its intensity
0
is shown in Fig.2 and Fig.3. It is well seen that the
mosaic has its maximum at H = 70 - 80 mT. The whole
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
range of the large masaic spreads from H = 0 to H =
Z (deg)
150 mT and then it decreases to the crystallographic
value with further increase of the field. The intensity of
the peak shows a very similar behaviour as the width of the peak does. Both these facts show that the magnetic
structure of the MnSi is strongly unstable in the range of small fields at H < 150 mT. The theoretical description
of this phenomenon is in the progress.
References
1. Y. Ishikawa, K. Tajima, D. Bloch, M. Roth, Solid State Commun. 19 (1976) 525.
2. Y. Ishikawa, G. Shirane, J.A. Tarvin, M. Kohgi, Phys.Rev.B 16 (1977) 4956.
3. I.E.Dzyaloshinskii, Zh.Eksp.Teor.Fiz. 46 (1964)1420
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Experimental report text body
Molecular complexes of the charge transfer type (EDA complexes) attract considerable interest, since many of
them exhibit interesting physical and chemical properties from point of view their potential applications.
In the frame of this project we have investigated an EDA complex in which the electron donor was represented
by tetramethylbenzene (durene) and electron acceptor by tetracyanobenzene. The neutron diffraction
experiment on the title compound was performed at two temperatures 110 K and 10 K. The neutron wavelength
was 0.87238 Å. All atoms were refined using anisotropic displacement parameters. In Table 1 are collected
crystallographic parameters for both temperatures.
110 K

10 K

P21/n
a=7.537(7) Å
b=7.753(5) Å
c=15.12(1) Å
E=103.41(7)o
V=830.30 Å3
Z=2
182 parameters refined
R1=0.0307 for 2160 reflections with F0>4V(F0)
R1=0.05 for all 2672 reflections

P21/n
a=7.27(1) Å
b=7.68(1) Å
c=14.96(1) Å
E=102.36(9)o
V=815.84 Å3
Z=2
182 parameters refined
R1=0.0362 for 1728 reflections with F0>4V(F0)
R1=0.0498 for all 2015 reflections

Table 1. Experimental results of the neutron experiment
In Fig. 1 is shown tetracyanobenzene - durene complex in 10 K. The 50% probably displacement ellipsoids for
all atoms are presented.
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Fig. 1. Molecules of tetracyanobenzene - durene complex at 10 K temperature. Only crystallographically
independent atoms are labeling.
In Fig 2. [100] projection is shown. Distance between benzene rings in the donor and acceptor molecule is 3.63
Å at 10 K and 3.77 at 110 K. The geometry and distance between rings is characteristic for S-charge transfer
complex.

Fig. 2. The molecular arrangement of tetracyanobenzene - durene complex viewed along the a axis.
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Experimental report text body
This experiment is part of a broader study of the structure and dynamics of Ni-Nb metallic glasses. The aim of
this project is to understand nature of the propagating vibration modes in metallic glasses.The structural
measurements reported here will be linked to dynamics via inelastic neutron scattering that has already been
carried out at ILL [1].
The total dynamic structure factors of three samples with different isotopes (58Ni42Nb58, 60Ni42Nb58 and
58/64

Ni42Nb58) are measured on the SV28 diffractometer with the aim to investigate partial atomic correlations in

this metallic glass. The mixture of 58Ni and 64Ni isotopes is remarkable by small value of coherent and
incoherent neutron scattering cross-sections: 0.002 and 0.79barns, respectively. According to the AshcroftLangreth formalism [2], the total structure factor S(Q) of binary system are the weighted sum of partial
structure factors S(Q)AB (where A and B – sort of atom):
| S(Q)(58Ni42Nb58)
| S(Q)( 60Ni42Nb58)
| S(Q)(

58/64

|

| 0.766 0.424 0.234 | | S(Q)NiNi |
| = | 0.102 0.304 0.898 | * | S(Q)NiNb |

Ni42Nb58) |

| 0.000 0.016 0.995 | | S(Q)NbNb |
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So neutron scattering on the 58/64Ni42Nb58 sample is dominated by Nb-Nb correlations. The experiments were
performed at room temperature with incident wavelength: 0.872 Å. It gave us a possibility to cover the Q-range
up to 12 Å-1. The empty Al container was also measured in order to allow full corrections to be made to the
data. In each case multiple data sets were collected to show the stability of the instrument with a total counting
time of about 12 hours per sample. The preliminary experimental results (without applying of necessary
corrections) are presented in Figure 1. Note the clear variation of the intensity and peak positions of S(Q) with
isotopic composition.

Figure 1. The normalized total structure factors for Ni42Nb58 metallic glass.
The data treatment is still in progress. Correction of the data for incoherent and multiple scattering, for partial
Debye-Waller factors and for the resolution function of the diffractrometer give us a possibility of precision
determination of the partial structure factors S(Q)AB in this system.
References:
[1] G.F. Syrykh, M.G. Zemlyanov, A.S. Ivanov, J. Stride., Physica B: Condenced Matter, 350,
Iss. 1-3, (2004) E1103.
[2] N.W. Ashcroft, D.C. Langreth. – Phys. Rev. 159 (1967) 500

Form Version: 19.02.03

2

55

Institut für Festkörperforschung
Forschungszentrum Jülich GmbH
D-52425 Jülich
Experimental Report
of Neutron Scattering Experiments
at the FRJ-2 Reactor
Proposal number:

S28-04-004

Experiment title:

H-bond in Bis(guanidinium)hydrogenphosphate.monohydrate (GHP.H2O)

Dates of experiment:

05.04.04 — 26.04.04

Experimental team:
Names
Chunhua, Hu

Local Contact:

Date of report:

20.03.2005

Addresses
Institut für Festkörperforschung
Forschungszentrum Jülich GmbH
D-52425 Jülich

Chunhua, Hu

Experimental report text body
( Please use 12 pt letters here ! )
The most important thing in this proposal is to determine precise positions of hydrogen atoms in
order to understand the unique phenomenon in structural chemistry and biology -- hydrogen bonds.
Of course neutron diffraction compensates the shortcoming of X-ray diffraction due to the weak
scattering power of hydrogen atom.
An ion system is chosen as the research object: the almost planar
H
cation, guanidinium, (Scheme 1) contains six N-H bonds, which can
N H
H
serve as a good H-bond donor; and the divalent tetrahedral anion,
N
C
hydrogenphosphate (HPO42-) – the most important part in the life –
H
includes both of O-H donor and O acceptors. Based on X-ray results, we
N H
knew that bis(guanidinium)hydrogenphosphate (G2HPO4) cocrystallized
H
with one crystalline water, so that this system involves three components Scheme 1. Guanidinium
contributing to the hydrogen bond network.
X-ray results were proven by neutron diffraction: all possible H-bond combinations exist among
these donors and acceptors, which are cation…anion, anion…anion, cation…water, and
anion…water interactions (Fig. 1). The structure contains two independent guanidinium cations (G1
and G2), one HPO4 anion (P) and one water molecule (W). Their corresponding H-bond neighbors
are presented in Fig. 1. Etter’s Graph-set analysis method was applied to understand the hydrogen
bond connectivity. R22(8) means that two HB donors and two acceptors form a 8-member ring; and D
represents noncyclic dimmer H-bond.
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Fig. 1. H-bonded neighbours around four independent components in the unit cell.
Hydrogen bond lengths range from the weak NH2...HPO4 interactions (N...O distances 2.830 –
3.165 Å) to moderately strong HPO4…water interactions (N...O distances 2.729 – 2.763 Å), and to
HPO4…HPO4 (O...O distance of 2.561 Å).
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Experimental report text body
The crystal structure of a natural alkali/water-poor beryl , ideally Al2Be3Si6O18 · H2O, was reinvestigated by
means of single-crystal neutron diffraction, laser ablation inductively coupled plasma mass spectroscopy,
thermogravimetric analysis and polarised infrared spectroscopy in order to determine the real topological
configuration of the extra-framework content in the 6-membered ring channels. A preliminary test of the
crystal (1.1 x 1.3 x 2.0 mm3) was performed by means of X-ray diffraction at the Bayerisches Geoinstitut
(Bayreuth) using a Huber four-circle diffractometer equipped with non-monochromatized Mo-KD radiation.
Accurate cell parameters were measured using eight-position centering of 44 Bragg reflections (5˚<2ș<40˚),
according to King and Finger (1979) and Angel et al. (2000), giving a metrically hexagonal cell with:
a=b=9.21168(12) Å, c=9.19209(22) Å, V=675.49(2) Å3. According to the Aurisicchio et al. (1988) definition,
based on the relationship between c/a-ratio and chemical composition, our sample belongs to the “normal beryl
group”. The single-crystal neutron diffraction experiment was performed at room temperature with a Huber
four-circle diffractometer (SV28 beam-line) installed at the DIDO reactor - Forschungszentrum Juelich. The
incident radiation (CW with Ȝ=1.24126Å) was obtained using a Cu(200) monochromator.
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The neutron flux density was about 2.5·106 n·s-1·cm-2 and the tangential beam tube lead to a very small
background count rate (~5 s-1). The unit-cell parameters of the neutron measurement are: a=b=9.2099(35)Å,
c=9.1894(18)Å (c/a=0.9977). A total of 1534 reflections were recorded with -8d h d9, -9dk d8 and –9d l d9
(maximum 2ș = 100.78˚), of which 191 were unique. Two standard reflections were measured with a frequency
of 450 min throughout the experiment and the intensity variation was within V(I). The systematic extinction
rules agreed with the space group P6/mcc. Diffraction data were then corrected for Lorentz effect. No
absorption correction was applied because of the composition and the dimensions of the sample. After
correction, the discrepancy factor for the symmetry related reflection was Rint = 0.074. The high Rint value can
be reasonably explained by the extinction effects due to the “perfect” crystal sample used in this experiment, as
checked by \-scan of several Bragg reflections.
Analysis of the nuclear density Fourier map suggests that the (water) oxygen is located along the 6-fold
axis at the 2a-position site (0,0,1/4), whereas the (water) protons are at -0.028(7), -0.071(3), 0.332(1). The
hydrogens are distributed in 6 x 2 equivalent positions, above and below the oxygen site. Geometrical
configuration of the water molecule is well defined: the O-H bond distance is 0.949(18) Å and the H-O-H bond
angle is 106.9(2.2)˚. The H···H vector is oriented at ~4˚ from [001]. This configuration is completely different
from that found in alkali-rich beryl, where the H···H vector is perpendicular to [001]. Na is also located, with
the H2O-oxygen, at the 2a-position site. According to the chemical analysis, which shows that the amounts of
other alkali and earth-alkali cations are negligible (Rb,K,Mg,Mnd 110 ppm, Cad 225 ppm, Csd430ppm), no
effect of other cations on the extra-framework population was observed in the structural refinement. The final
agreement index (R1) of the structural refinement was 0.037 for 34 refined parameters and 160 unique
reflections with Fo > 4ı(Fo). The topological configuration of the H2O-molecule into the channel is confirmed
by the spectroscopic investigation. Polarised single-crystal IR spectra show that the H2O-molecule is oriented
with the molecular symmetry axis perpendicular to the hexagonal axis and H···H vector parallel (or quasiparallel) to [001].
-----------------------------------------------------------------------------------------------------------G. D. Gatta, F. Nestola, G. D. Bromiley, S. Mattauch (2005) The real topological configuration of the extra-framework content in
alkali-poor beryl: a multi-methodological study. American Mineralogist (submitted)
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Experimental report text body
The neutron diffraction experiment for the single crystal of tetramethylpyrazine-chloranilic acid was carried out
at two temperatures: room temperature and 10K. At about 60-90 K unexpected phase transition was founded. In
Table 1 are collected crystallographic parameters for low and high temperature structures.
295 K

10 K

P21/c
a=12.377(6) Å
b=4.710(2) Å
c=13.702(6) Å
E=105.50(3)o
V=769.93 Å3
Z=2
164 parameters refined
R1=0.0517 for 879 reflections with F0>4V(F0)
R1=0.0583 for all 965 reflections

P21/c
a=13.33(4) Å
b=4.708(6) Å
c=24.66(7) Å
E=106.1(2)o
V=1486.6 Å3
Z=4
196 parameters refined
R1=0.082 for 1696 reflections with F0>4V(F0)
R1=0.0948 for all 1966 reflections

Table 1. Experimental results of the neutron experiment
In Fig. 1 are shown tetramethylpyrazine-chloranilic acid complexes in the room and 10K temperatures. The
50% probably displacement ellipsoids for all atoms are presented. In Fig. 2 and Fig. 3 [010] projection and
close contacts for RT and low temperatures structures are shown. In the low temperature phase centers of
symmetry are changed as compared with high temperature phase. In both phases molecules form chains of the
strong hydrogen bonds O-H…N type without proton transfer. The O-H…N hydrogen bond length in RT
temperature structure is 2.701 Å while in the low temperature structure is 2.674 Å. The angle between ring
planes of molecules in the complex is about 85o.
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Fig. 1. Molecules of tetramethylpyrazine-chloranilic acid complexes at the room and 10K temperatures. Only
crystallographically independent atoms are labeling.

Fig. 2. The molecular arrangement viewed along the b axis for high temperature structure.

Fig. 3. The molecular arrangement viewed along the b axis for low temperature structure.
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Experimental report text body
(Ca1-xYx)4Cu5O10 (0.5  x  0) belongs to the family of low-dimensional cuprates [1] and its structure is related
to the structure of NaCuO2 [2]. The central structural element is a linear, one-dimensional chain of edge-sharing
CuO4 square planes. (Ca1-xYx)4Cu5O10 allows a variable doping of the chain (range of the formal copper
valences +2 [x = 0.5; S = 1/2] to +2.4 [x = 0]). This is in contrast to most of the currently known 1-d-Cu2+compounds (‘spin-chains’) and is supposed to lead to interesting low dimensional electronic and magnetic
properties.
A (probably twinned) single crystal of Ca2Y2Cu5O10 was grown in an optical floating-zone furnace. It was
tested and investigated by single crystal x-ray methods (Laue and Image Plate). In the x-ray case the modulated
structure was described and refined with a fivefold supercell (P 21/c, a=5.4730(10)Å, b=6.1801(10)Å,
c=14.081(2)Å, ȕ=104.550(14)°, V=461.01Å3).
Due to the angular resolution of the four-circle diffractometer SV28 we found two unitcells with a small
difference in ȕ (a=5.474(5)Å, b=6.181(9)Å, c=2,818(7)Å, ȕ=104,87(15)° and a=5.458(5)Å, b=6.181(9)Å,
c=3.523(9)Å, ȕ=104.24(15)°). Therefore it could be shown that the structure is incomensurably modulated
(q = (-0.0177 0 0.8) or (0.0221 0 1.25)). The structure refinement was done with JANA2000 [3]. Due to
stoichiometry the cell content of composite part 1 (V=92.2 Å3, 1/5 of the volume of the supercell, hyper space
group P 21/c (Į0Ȗ) 00) was set to Cu1 and O1 whereas the cell content of composite part 2 (1 (V=115.2 Å3, 1/4
of the volume of the supercell, hyper space group P 21/m (Į0Ȗ) 0s) was set to Ca/Y1.
It was shown that Ca2Y2Cu5O10 contains deformed chains (see Fig. 1) probably due to the mismatch of four
Ca/Y -ions and five CuO2 -units (Fig. 2).
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Figure 1: Deformed CuO2-chain in Ca2Y2Cu5O10

Figure 2:Structure of Ca2Y2Cu5O10
Detailed results will be provided in a diploma thesis and further publications.
[1] P. K. Davies, J. Solid State Chem. 95, 365 (1991)
[2] K. Hestermann and R. Hoppe, Z. Anorg Allg. Chem. 367, 261 (1969)
[3] V. Petricek, M. Dusek, JANA2000, Institute of Physics, Academy of Science of the Czech Republic, Praha,
(2000)
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Experimental report text body
Bei den Beugungsexperimenten an zwei größeren TlD2PO4 -Kristallen am SV28 zeigte sich leider sehr bald,
daß die Kristalle für die geplanten Untersuchungen nicht geeignet waren.
Die von Herrn Mattauch durchgeführten 2.dim q-scans ( siehe Abbildung ) zeigen deutlich eine Verwachsung
bzw. Verzwilligung der gemessenen Kristalle durch Reflexaufspaltung an..
Aus diesem Grund wurden die Experimente
an den Proben nicht weiter verfolgt.
Aus parallel durchgeführten Röntgenbeugungsexperimenten an Pulvern und
Einkristallen ergab sich ein sehr
komplizierter Mechanismus des D-HAustausches bei dieser Verbindung, der bis
zu einem gewissen Grad reversible zu sein
scheint. Dieses Verhalten könnte ein Grund
für die beobachtete Reflexaufspaltung
(siehe 2 dim. q-scan) sein. Die gemessenen
Intensitätsdaten sind für eine
Strukturverfeinerung zur Bestimmung des
D-Gehaltes daher nicht aussagekräftig. Die
geplanten Tieftemperaturexperimente zur
Klärung der Überstruktur sind daher auch
nicht möglich.
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Experimental report text body
In Vorbereitung auf weiterführende Experimente an dem neu aufgebauten Einkristalldiffraktometer HEiDi des
Forschungsreaktors FRM-II in München konnte in Aachen ein großer Co-Olivin Einkristall gezüchtet werden.
Von diesem ca. 1.5 cm großen Einkristall wurde eine ca. 3mm starke
Scheibe abgetrennt und zur Kristallqualitätsbestimmung verwendet.
Die von Frau Dr. Loose durchgeführten Messungen an dem Einkristall
zeigen deutlich, daß der Kristall für die Experimente in München
brauchbar ist.
Da der Co-Olivin (Co2SiO4) als antiferromagnetische Substanz bei
Temperaturen unterhalb 49.5 K gut charakterisiert ist, soll er als
Testsystem für magnetische Neutronenbeugung mit polarisierten
Neutronen an dem Diffraktometer HEiDi dienen. Für die Messung der
Magnetstruktur ist eine genügend hohe Intensität der magnetischen
Streubeiträge von großer Bedeutung. Die hier durchgeführten
Abbildung 1Gezüchteter Co-Olivin Einkristall
Neutronenbeugungsexperimenten am SV28 zeigen für diesen, im
Vergleich kleinen Kristall sehr hohe Reflexintensitäten für die Kernstrukturreflexe. Sie waren zum Teil nicht
messbar, da es zu einer Sättigung des Detektors kam. So hohe Intensitäten für die Kernstrukturreflexe lassen
auch auf genügend große magnetische Streubeiträge hoffen.
Die zahlreichen Reflexprofile der messbaren Reflexe zeigen eine deutliche Asymmetrie und eine relativ große
Habwertsbreite (0.2 – 0.3 ° 24). Dies spricht für einen relativ schlechten Mosaikbau aber ebenso für eine
vermutlich geringe Extinktion.
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Nachfolgend sind noch einige Reflexprofile dargestellt (s. Abbildung 2)

Abbildung 2Einige Reflexprofile des untersuchten Co-Olivin Kristalls

Zusammenfassend haben die Testmessungen an dem gezüchteten Co-Olivin wichtige Informationen für die
Verwendbarkeit der vorliegenden Probe, Probengröße und Kristallqualität ergeben. Die geplanten,
weiterführenden Experimente sind mit der vorhandenen Probe sicher möglich. Zur Zeit werden die
vorhandenen Intensitätsdaten noch auf die Brauchbarkeit für die Strukturverfeinerung untersucht. Ziel ist es die
Probe auch in dieser Hinsicht weitgehend vor zu charakterisieren, um sie dann auch als Testkristall für das neue
Diffraktometer HEiDi am FRM-II verwenden zu können.
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Time-of-Flight Spectrometer (SV29)

Instrument Parameters
Beam line:
Monochromator:
Incident wavelengths:
Take-off angle:
Momentum transfer:
Energy resolution:
2 phased choppers:
Collimation:
Duty cycle:
Neutron flux at sample:
Beam size at sample:
Flight path:
Detectors:
Solid angle covered:
Range of scattering angles:
Sample environment:
- Cryostats:
- Top-loading cryofurnace:
- Furnaces:
- Low-T pressure cell:

4H2 (radial beam tube)
matrix of 75 PG002/PG004, vertical+horizontal focusing
1.0 d O d 4.0 Å
35 d 2)M d 75°
| 1 ... 10 Å1
3% d 'E/E d 8%
d 21000 rpm
0.8°
4 u 103
| 105 n/cm2 s
3 u 8 cm2
1.91 m
500 3He counters in 90 units
| 0.05 srad
10° d 4S d 130°
1.5 d T d 310 K
1.5 d T d 600 K
50 d T d 1400 °C
p d 3.5 kbar at T t 4.5 K

Instrument Responsible
Dr. Michael Prager

Tel. +49-(0)-2461-61-6759
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Experimental report text body
Guided by the simplicity of one dimensional rotation we became interested in clathrates housing guest
molecules containing methyl groups. They were expected to show quantum rotational dynamics of the CH3
groups analoguously to the methane case. The spectra of one dimensional rotors can be analysed much more
directly than the three dimensional dynamics of methane molecules. Indeed, new information on the complex
potential surface of the only populated large cages could be obtained in earlier experiments on methyl iodide
clathrate [1]. This work is now extended towards the fluoride compound. At first the cubic I crystal structure is
different to that of the iodide compound and similar to the methane case [2]. The methyl dynamics thus probes
the potential surface of a different cage whose shape is shown in fig. 1, secondly fluorine is known in many
systems to develop hydrogen bonds. This may lead to new dynamical behaviour.

Fig. 1: The large 51262 cage of the methyl fluoride clathrate
CH3F*5.75H2O, which contains 3/4 of the CH3F guest molecules.
Each corner represent an oxygen of the water shell, each edge a
hydrogen bond. There are inequivalent hydrogen bonds: 12 edges
connect a pentagon with a hexagon, 12 connect 2 pentagons while
on each side there is another pentagon, 12 connect 2 pentagons
with a pentagon on one and a hexagon on the other side.

1
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Fig. 2 shows the spectrum taken at a sample temperature T=4.2K in the regime of lattice modes and summed
over all scattering angles. At the wavelength O=1.81A the average momentum transfer is Q=4.9A-1. The peak
around 10meV is typical for clathrates. To evaluate the vibrational density of states quantitatively analogously
to ref. [3] the crystal structure of methyl fluoride clathrate must be known. The corresponding proposal at ILL
is accepted.

Fig. 2: Spectrum of methyl fluoride clathrate. T=4.2K. O=1.81A.

The major part of structural and dynamical information is contained in the resolved tunneling spectra measured
on IN5 of the ILL. The combined information is found in the paper ‘Adsorption sites and rotational tunneling of
methyl groups in cubic I methyl fluoride water clathrate’ to appear in PCCP [5].

The following abstract of ref [4] summarizes the actual understanding:
Neutron spectroscopy in the meV and meV regime and quasielastic scattering is applied to characterize the
dynamics of methyl groups of methyl fluoride guest molecules in cubic I CH3F-water clathrate. Only above
T~60K quasielastic spectra are unaffected by quantum effects. They are well described by two Lorentzians
representing the CH3F species in the small and large cages of the structure. The intensities show that both
cages are completely filled.The linear broadenings with temperature follow the model of rotational diffusion.
Two clearly separated tunneling bands were observed at T=4.2Kand are also assigned to the two types of water
cages. Disorder of the environment (H-bonds) is reflected in the shape of the bands. For the less hindered
species housing the large cages the tunneling band can be quantitatively converted into a potential distribution
function within the model of single particle rotation. Transitions to excited rotational states show the dominance
of a sixfold potential term V6=13meV modified by a weak threefold term distributed around a characteristic
value V3=0.9meV. The potential distribution of V3 influences the barrier for classical reorientation only weakly
in agreement with the results from quasielastic data. Adsorption sites with the guest molecules oriented towards
a hydrogen bond along one of twelve local twofold axes of the cage are proposed.Such sites are consistent with
the sixfold rotational potential and earlier results from methyl iodide clathrate. Rotation-translation coupling as
alternative dynamical process is excluded.

[1] M. Prager, J. Pieper, A. Buchsteiner, A. Desmedt, J. Phys. Condens. Matter 16,7045(2004)
[2] C. Gutt, B. Asmussen, W. Press, M.R. Johnson, Y.P. Handa, J.S. Tse, J. Chem. Phys. 113,4713(2000)
[3] C. Gutt, W. Press, A. Hüller, J. Tse, H. Casalta, J. Chem. Phys. 114,4160(2001)
[4] M. Prager, J. Baumert, W. Press, M. Plazanet, J.S. Tse, D.D. Klug, PCCP 2005
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Mesitylene (1,3,5-trimethylbenzene) is considered as efficient cold moderator for high power pulsed neutron
sources. Due to the simple handling and its resistance against radiation damages it is a candidate to replace the
actually used methane moderators [1-3].
Beside of this application mesitylene is well known as an organic solvent but their fundamental crystal
properties still are not sufficiently investigated. Liquid phase can be easily overcooled and mesitylene solidifies
in the metastable phase II, which at direct cooling to helium temperature transforms at about 90 K, into the low
temperature phase III. The structural phase transition at 90K is reversible and phase II can be melt at about 223225 K, when heating rate is about 2-5 K/min. However, when solid sample of phase II is annealed at ~215K for
some 30 min. it transforms into phase I, which is the stable from its melting point at Tm=227K, down to LHe
temperature [4].
Spectroscopic information on mesitylene is available for a large range of energy transfers. The low rotational
barriers against methyl group rotation are connected with rotational tunnel splittings of the order of 1PeV [5].
Internal modes extent up to energies of 400meV and are measured using the NERA spectrometer at the IBR-2
pulsed reactor in Dubna [6]. The phonon density of states of all three phases was refined in the low energy
regime by using SV29 at the wavelength 1.76Å [7]. Thus the complete set of elementary excitation in solid
mesitylene covers more than 5 orders of magnitude in energy.
The mesitylene as a pure hydrocarbon allow especially precise ab-initio calculations based on pair interaction
potentials as performed already earlier [8]. The exceptional property of mesitylene that the material can exists
in three different phases at helium temperature makes it especially interesting for a test of the intermolecular
interaction potentials. Diffraction studies have already been performed on HRPD at the ISIS facility [9]. The
data analysis is under way.
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Here the isotope effect is used for to guess assignments of modes. The mesitylene-d12 sample of 98% purity
from the Russian Scientific Centre “Prikladnaya Chimia” was used. Various cooling and annealing procedures
led into two phases only. Direct cooling seems to lead to phase II (fig.1, xxxx). This is concluded from a
comparison to the comprehensive earlier experiment [6]. Annealing at Ta=220K lead into phase I (fig. 1, oooo).

Fig. 1: Spectra of phase I (oooo) and phase II (xxxx) of mesitylene. Temperatures T=2.8K. Wavelengths O=1.81A.

Only this latter spectrum shows sharp enough structure to estimate a isotopic shift factor. The total masses are
120 and 132 in units of the proton mass for the fully protonated and the fully deuterated material. A 5% shift of
acoustic phonons is thus expected. The lowest peak shifts by 17% . The mode assigned to methyl libration of
the protonated sample at 12.1meV is shifted to 9meV by a factor 1.35. The librational energy calculated from
the Mathieu equation for the rotational potential (V3,V6)=(28.5,2.5)meV is 9.2meV This agreement confirms
the assignment.

[1] M. Utsuro and M. Sugimoto, J. Nucl. Sci. Technol., 14, (1977) 390-392.
[2] E. Shabalin, S. Kulikov, V. Melikhov,E. Kulagin, in Proc. ICANS-XVI, Ed. G. Mank and H. Conrad,
ISSN 1433-559X, FZ Juelich 2003, Vol. II, p. 911-919.
[3] E. Kulagin, S. Kulikov, V. Melikhov, E. Shabalin, Nuclear Instruments and Methods in Physic Research,
B215 (2004) 181-186.
[4] I. Natkaniec, K. Holderna-Natkaniec, in Proceedings of the 6th Meeting of the collaboration on advanced
cold moderators, Ed. by H. Conrad, ISSN 1433-5506, FZ Juelich 2004, Matter and Materials, Vol. 20,
p. 103-111.
[5] FZJ Experimental reports 2003, BSS-03-008
[6] I. Natkaniec, K. Holderna-Natkaniec, J. Kalus, I. Majerz, in Proceedings of the ICANS-XVI,
Ed. G. Mank and H. Conrad, ISSN 1433-559X, FZ Juelich 2003, Vol. II, p. 903-910.
[7] FZJ Experimental reports 2003, S29-03-008
[8] M. Prager, W.I.F. David, R.M. Ibberson, J. Chem. Phys. 95,2473(1991)
[9] R.M. Ibberson, work under way (2004)
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To extent the pool of clathrate samples hosting tunneling methyl rotors we tried to prepare some new materials
according to guessed or described preparation ways.
1) Acetonitrile CH3CN:
The preparation procedure similar to the one used for CH3I [1] which is insoluble in water was not successful.
The spectrum of the mixed material was compared to that of pure acetonitrile. It represents a weighted
superposition of spectra from pure water and pure acetonitrile. The latter shows a pronounced librational band
at 19meV.
2) Acetone clathrate could be prepared according to ref [2] by adding some KOH. The formation of clathrate
has been confirmed earlier by neutron diffraction [3] but the crystal structure is not yet solved. The quenched
material is found to have a spectrum rather similar to water but no peaks related to pure acetone (fig. 1) . (Pure
acetone was measured for comparison.) After annealing the sample at T=240K for 48h the spectrum has
changed completely. The second peak characteristic of clathrate formation has appeared at energy transfer
~10meV. A second weaker peak at 16.5meV falls exactly onto an energy were pure acetone shows minimum
intensity (fig. 1). It looks likely that much shorter annealing times lead still to clathrate formation since hints of
the future peaks are already seen in the spectrum of the quenched sample.
A mode assignment will require the structure information. The extension of measurements to rotational
tunneling [4] shows that the tunnel splitting is of the order of the instrumental resolution of the backscattering
spectrometer. This low tunnel splitting could be well related to a methyl librational mode at 16.5meV. At the
present state of the experiments one cannot decide whether all methyl groups fall into this band.
Acetone contains two methyl groups. Therefore effects of direct coupling of methyl groups may be present in
the spectrum. However, more detailed studies exploring the isotope effect are necessary to test whether the
doublet line at 16/20meV represent in-phase and out-of-phase librations of the pair of CH3s.
1
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Fig. 1 Spectra of stoichiometric acetonwater mixtures. Sample temperatures
T=4.5K.
oooo: quenched sample;
xxxxxx: after annealing and clathrate
formation.
O=1.59A

[1] C. Albayrak, Thesis, Aachen 1989
[2] O. Yamamuro, M. Oguni, T. Matsuo, H. Suga, Solid state commun. 62,289(1987)
[3] O. Yamamuro, T. Matsuo, H. Suga, W.I.F. David, R.M. Ibberson, A.J. Leadbetter,
Physica B213&214,405(1995)
[4] This volume, Experimental report BS-04-014

2

74

Institut für Festkörperforschung
Forschungszentrum Jülich GmbH
D-52425 Jülich

Experimental Report
of Neutron Scattering Experiments
at the FRJ-2 Reactor
Proposal number:

S29-04-007

Experiment title:

Studies on the Crystalfield of Pyrochlore RE2Ru2O7

Dates of experiment:

7.9. - 26.9.04 and
4.10. – 8.10.04

Experimental team:
Names
Lieh-Jeng Chang

Local Contact:

Date of report:

10th Nov.2004

Addresses
IFF-8, Forschungszentrum Jülich
52425 Jülich
Germany

Dr. M. Prager

Experimental report text body
Introduction
Pyrochlore oxides of the chemical formula A2B2O7, where A is a rare-earth ion and B is a transition-metal ion,
has the face-centered-cubic structure with space group Fd3m and eight molecules of its general formula in a
unit cell. In the RE2Ru2O7 (RE=rare earth and Y), Ru has a partially filled 4d shell and possesses a magnetic
moment, and RE and Ru form two individual networks of corner-sharing tetrahedrons1,2. It was reported that all
the RE2Ru2O7 show a specific heat jump in the temperature range 75-160K which is correlated with the rareearth ioinic size. In Tb2Ru2O7, the specific heat jump was reported at 110 K, and an additional magnetic
transition was observed at 3.4 K by magnetization measurement3. This magnetic transition was considered to be
associated with the magnetic interactions between Tb+3. The experimental results on Nd2Ru2O7 show that
magnetic properties of this compound are complicated4. The specific heat for Ru+4 ordering is at 145 K, and a
spin glass transition is observed at 20 K4.
Experimental
15 grams of Tb2Ru2O7 and 15 grams of Nd2Ru2O7 powder samples were prepared and characterized by powder
x-rays diffraction, and reveals that the sample is single phase within the accuracy limits of a few percent.
Experiments were performed at SV-29, thermal time-of-flight spectrometer, in an orange cryostat for
temperature between 1.5 K and 120 K. Neutron wavelength of 1.59 Å was selected for the time-of-flight
experiments, and the both first order and second order spectra were taken.
Results
Figure 1 shows the experimental results at different temperatures. Fig. 1(A) was taken in second order
wavelength of 3.18 Å, and Fig.1 (B) in first order wavelength of 1.59 Å. At 2.4 K, the different crystalfield
levels are observed at1.2 MeV and 2 meV, which correspond to the long range ordering at Tb site below 3 K.
At 120 K, the peak appearing at 90 K at 1 meV has merged to the quasi-elastic region, which may correspond
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Fig. 1 Time-of-flight spectra at wavelengths (A) 3.18 Å (B) 1.59 Å at different temperature.
to the ordering at Ru site. Other crystalfield excitations are found at 10meV and 16 meV when the temperature
is 2.4 K. As shown clearly on Fig. 1 (B), energy levels are decreasing when the temperatures are increasing.
The higher background of 120 K curve on Fig. 1(B) is considered from the spectra contamination of the next
order wavelength.
Fig. 2 shows the experimental results of Nd2Ru2O7 taken at 2 and 40 K by using the neutron wavelength 1.59
Å. Two clear peaks are observed at 8 and 16 meV. However, there is no significant difference between the
curves of 2 K and 40 K. The ordering at Ru site in Nd2Ru2O7 is expected at 145 K. The second chopper is
needed to resolute the spectra at such high temperature. Therefore, we did not focus on Ru ordering. Another
possible magnetic signal at magnetization measurement at 20 K did not cause any evidence at current time-offlight experiments.
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Fig. 2 Crystal field levels of Nd2Ru2O7
at 2 and 40 K under the wavelength of
1.59 Å. Two levels were observed at 8
and 16 meV.
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As shown recently [1] tetramethylpyrazine TMP forms with chloranilic acid CLA relatively simple 1:1
hydrogen bonded complexes. The crystalline lattice above 100 K consists of infinite chains along the a axis
with strong hydrogen bonds, while the TMP and CLA rings are stacked along the b axis (monoclinic, space
group P21/c). In the packing a decisive role plays interactions via hydrogen bonds. In addition to the main OH...N bridges (without proton transfer) unconventional C-H...O and C-H...Cl hydrogen bonds are present which
affect the dynamical behaviour of CH3 groups. Rotational tunneling splittings, quasielastic spectra and the
phonon/libration energies are measured to determine characteristic rotational potentials.
In TMP-CLA three tunneling bands are resolved [2]. Quasielastic spectra from IN5, ILL, could be described by
2 Lorentzians of equal weight and yield activation energies. Spectra in the meV regime were measured in this
experiment (fig. 1 and 2). Wavelengths O=1.76A and O=1.81A were used. All energies are shown in the Tab. 1.
The crystal structure of TMP between T=110K and T=300K [3] is Pbca, Z=4. An inversion center at the site of
the molecule separates the originally chemically equivalent methyl groups into two crystallographically distinct
pairs. While one of these pairs is involved in C-H...N bonds to a neighbor molecule the second pair approaches
in close packing the methyl group of another neighbour [4]. If this crystal structure is maintained at helium
temperature we expect to observe two librational bands. We tentatively assign the bands at 15.6meV and
22meV with these modes and obtain the potentials of Tab. 1 if a pure cos(3I) shape is assumed. This mode is
related to a tunnel splitting of hZt=0.9PeV if a pure cos(3I) potential is assumed.
The complexation with CLA changes the nearest environment of TMP compared to the pure compound. This
severe change seems not very much modify the energies of acoustic phonons which still appear at 8meV and
below. In the complex the intensity of the band at 8.2meV has significantly increased, however. This band is
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attributed to a softened librational mode which originally in pure TMP was at 15.6meV. Already the high
temperature structure [1] requires a second librational band which can be attributed to the peak at 14.4meV.
This energy is close to that of the pure material. The symmetry reduction at the TMP site in TMP-CLA at low
temperature [5] clearly does not lead to new librational bands. In agreement with the separation of tunneling
into roughly two bands [2] the differences between each two types of methyl potentials must be small. In the
average the methyl rotational potentials in the complex are weaker. This means that a dominant contribution to
the rotational potential is due to intermolecular interaction.

Fig. 1 Spectrum of tetramethylpyrazin in the regime of
Fig. 2 Spectrum of the tetramethylpyrazin chloranilic acid
phonon energies. Sample temperatures T=2.4K (red) and
1:1 complex. Sample temperatures T=2.4K (blue) and 46K
46K (blue). O =1.76A. Average momentum transfer Q=4.2A-1. (red). O=1.81A. Average momentum transfer Q=4.0A-1.

Rotational potentials have to describe consistently all energies which are related with the methyl groups. These
are the activation energies, librational modes and tunnel splittings. Tab. 1 shows that such a potential can be
easily found for the stronly hindered methyl groups. An about 10% term of a sixfold term allows to obtain
consistency. The weakly hindered groups show to low librational energies. This may require a change of the
proposed assignment with the progress of the work.
sample
TMP
TMP-CAA

V3/meV
47.0
95.0
37.0
experiment
21.6
experiment
21.0
experiment

V6/meV

4.0
5.0
2.0

hZt/PeV
(1.5)
(0.02)
3.3
3.2
20.9
20.8
28.8
28.6

E01/meV
15
22
14.6
14.4
11
8.2
9.9
8.2

Ea/meV
(39)
(95)
28.9
28
14.7
15
15.2
15

Tab. 1: Rotational potentials adjusted for tunnel splittings, librational energies, activation energies

A test experiment with a sample with deuterated hydrogen bond showed no tunnelling bands. The chemical
analysis showed that the material had the wrong composition.

[1] W. Sawka-Dobrowolska, G. Bator, L. Sobczyk, E. Grech, J. Nowicka-Scheibe, A. Pawlukojc,
Struct.Chem., in press
[2] This volume, Experimental report BSS-04-003
[3] A.W.M. Braam, A. Eshuis, Aafje Vos, Acta Cryst. B37,730(1981)
[4] V.R. Thalladi, A. Gehrke, R. Boese, New J. Chem. 24,463(2000)
[5] This volume, Experimental report SV28-04-008
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Abstract: In methane water clathrate the dominant peak in the density of states at about 7 meV shifts to higher
energies with conversion of methane molecules into the tunneling ground state. This correlation confirms the
assignment of the 7meV peak as vibration of the guest molecule in the large cages. A change of the interaction
potential with the quantum state of the methane molecule may be supposed as the origin of the hardening of the
cage. A two state single particle model with characteristic rattling energies of 5.20meV and 7.14meV weighted
by the population factors can roughly fit the data. An improved description is possible with a collective model
where the rattling energies depend on the quantum state of neighbouring methane molecules.

A fully protonated sample was prepared at the Institut of crystallography, university of Göttingen and
conserved in liquid nitrogen. To do the experiment the sample was cold transferred into a liquid He Orange
cryostat. Undercooling below the temperature of liquid He down to 2.1K was achieved by pumping off the
evaporating He. The methane clathrate is already well studied by inelastic neutron spectroscopy [1]. In the
present experiment spectra are measured after quenching the sample to 4.5K at different states of conversion
into the tunneling ground state. This is shown in fig. 1. For quantitative analysis the tunneling bands are
described as Gaussians and fitted. With depopulation the band at energy transfer -0.98meV weakens. A
fictituous spin temperature can be derived from the intensities of the energy gain and loss lines. In fig. 2 the
corresponding changes of the vibrational density of states is the shift of the rattling mode at energy Er~7meV of
the methane molecule in the large cage of the clathrate towards higher energy. This correlation is shown in
fig. 3 as a function of the concentration c of methane molecules in the groundstate.
The simplest model to describe this shift is a two state model. Since the guest molecule can only by either in Agroundstate or T-excited state the shift can be described as a weighted superposition of A and T rattling modes.
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Fig.1: Spectra of methane clathrate in the regime
of tunneling modes of CH4 and summed over all
scattering angles. Different states of equilibration
with the lattice temperature are shown. Ȝ=3.62Å.

Fig. 2: Neutron scattering spectrum taken in the regime
lattice modes an summed over all scattering angles.
Ȝ=1.81Å. Sample temperature T=2.1K.

Fig. 3: Reduction of the energy of the Rattling energy Er in methane clathrate with
increasing relative population c=I-/(I+ + I-) of the excited tunneling level.

An improved description is the basis of the fit lines in fig. 2. We assume that the environment is also modified
by the rotational state of neighboring methane guest molecules.To describe a corresponding effect we adopt a
model used earlier to analyse tunneling spectra of methane defects in rare gas matrices [2,3] or the temperature
evolution of tunneling spectra in phase II of pure methane [4]. The basic assumption of this model is that the
mean energy and the width of a line is due to disorder of the environment with respect to either the kind of a
neighbor or the excitation state of the neighboring molecule. In the cubic I clathrate structure of methane each
cage contains a single methane molecule. The configuration number of a small cage is N=12. All 12 neighbour
cages are of the large cage type. The environment of a large cage is more complex. There are 2 nearest large
cages at distance 0.5*a, 4 next nearest small cages at distance 0.56*a and 8 large cages at distance 0.61*a. a is
the lattice constant. We simplify the model by assuming N=6 equivalent nearest neighbors. Arbitrarily it is
further assumed that the rattling energy Er depends linearly on the number of excited methane neighbors. The
model yields that the rattling energies of a pure methane groundstate and a pure methane excited state clathrate
differ by 2meV or ~30%. The model will be fully developed in a fothcoming paper.

[1] C. Gutt, W. Press, A. Hüller, J. Tse, H. Casalta, J. Chem. Phys. 114,4160(2001);
J. Baumert, C. Gutt, J.S. Tse, M. Krisch, M. Müller, H. Requardt, D.D. Klug, S. Janssen, W. Press, Phys. Rev.
B68,174301(2003)
[2] S. Grondey, M. Prager, W. Press, J. Chem.Phys. 86,6465(1987)
[3] B. Asmussen, W. Press, M. Prager, H. Blank, J. Chem.Phys. 98,158(1993)
[4] A. Heidemann, W. Press, K.J. Lushington, J.A. Morrison, J. Chem.Phys. 75,4003(1981)
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Mesitylene (1,3,5-trimethylbenzene) is considered as efficient cold moderator for high power pulsed neutron
sources. Due to the simple handling and its resistance against radiation damages it is a candidate to replace the
actually used methane moderators [1-3]. Beside of this application mesitylene is well known as an organic
solvent but their fundamental crystal properties still are not sufficiently investigated. The liquid phase can be
easily undercooled and mesitylene solidifies in the metastable phase II, which at further cooling to helium
temperature transforms at about 90 K into another metastable low temperature phase III. The structural phase
transition at 90K is reversible and phase II can be melt at about 223-235 K, when the heating rate is about 2-5
K/min. However, when a solid sample of phase II is annealed at ~215K for some 30 min it transforms into
phase I, which is the stable structure from its melting point at Tm=227K down to LHe temperature [4].
Spectroscopic information on mesitylene is available for a large range of energy transfers. Internal modes
extent up to energies of 400meV and are measured using the NERA spectrometer at the IBR-2 pulsed reactor in
Dubna [5]. The low rotational barriers against methyl group rotation are connected with rotational tunnel
splittings of the order of 1PeV [6]. Thus a complete description of elementary excitation in solid mesitylene has
to cover more than 5 orders of magnitude in energy.
A problem with samples obtained from liquid materials is preferred orientation. Not only Bragg intensities but
also inelastic intensities can be perturbed by the presence of large crystallites. This is especially critical for
tunneling transitions. To obtain good powder materials with reliable intensities we have prepared a sample of
mesitylene by grinding the frozen material in a cold mortar (T~200K<Tm=226K). This sample was cold
transferred into an Al can and cooled down at a cooling rate of as usual 1.5K/min.
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As a first test the phonon density of states of this sample was measured in the low energy regime by using
SV29 at the wavelength 1.76Å. The very astonishing result was that direct cooling led into phase II, while
samples made from the liquid are found in phase III. The experiment was repeated with two other samples
prepared the same way but at different temperatures of the cold mortar. This time, in both cases the samples
were found in phase I after cooling to LHe. As a result it seems that the three solid phases of mesitylene are
delicately balanced and even weak changes possibly of defect density due to crunching, surface dislocations etc
can modify the stability regimes.

[1] M. Utsuro and M. Sugimoto, J. Nucl. Sci. Technol., 14, (1977) 390-392.
[2] E. Shabalin, S. Kulikov, V. Melikhov, E. Kulagin, in Proc. ICANS-XVI, Ed. G. Mank and H. Conrad,
ISSN 1433-559X, FZ Juelich 2003, Vol. II, p. 911-919.
[3] E. Kulagin, S. Kulikov, V. Melikhov, E. Shabalin, Nuclear Instruments and Methods in Physic Research B,
215 (2004) 181-186.
[4] I. Natkaniec, K. Holderna-Natkaniec, in Proceedings of the 6th Meeting of the collaboration on advanced
cold moderators, Ed. by H. Conrad, ISSN 1433-5506, FZ Juelich 2004, Matter and Materials, Vol. 20,
p. 103-111.
[5] I. Natkaniec, K. Holderna-Natkaniec, J. Kalus, I. Majerz, in Proceedings of the ICANS-XVI,
Ed. G. Mank and H. Conrad, ISSN 1433-559X, FZ Juelich 2003, Vol. II, p. 903-910.
[6] FZJ Experimental reports 2003, S29-03-008, BSS-02-008, BSS-03-005, BSS-03-008, BSS-04-0xx

xxx

2

82

Institut für Festkörperforschung
Forschungszentrum Jülich GmbH
D-52425 Jülich

Experimental Report
of Neutron Scattering Experiments
at the FRJ-2 Reactor
Proposal number:

S29-04-011

Experiment title:

Dynamics in room temperature ionic liquids.

Dates of experiment:

Experimental team:
Names
Triolo, Alessandro

Local Contact:

Date of report:

31.01.2005

Addresses
Istituto per i Processi Chimico-Fisici, C. N. R., via La Farina, 237 98123 Messina
Italy

Michael Prager

Experimental report text body
Room temperature ionic liquids are a novel class of
material that is attracting great attention as a green
alternative to the environmentally noxious volatile
organic solvents. They can be used as reaction
media for a number of (bio) catalytical process. Due
to their ionic nature they have negligible vapor
pressure, interesting dielectric properties and a wide
temperature window where the liquid state is stable.
Moreover they do not burn, they are not noxious and
are relatively chemically stable.

Methyl Rotation

Diffusive Dynamics

A typical representative of RTIL is 1-methyl-3-butyl
imidazolium hexa fluorophosphate, [bmim][PF6]. Its
Librational
chemical architecture is shown in Figure 1.
Dynamics
Butyl relaxation
We recently undertook a detailed study of relaxation
processes occurring in such a material.
In particular, we investigated the dynamic processes
Figure 1.
that are probed by QENS in the natural occurring
sample and in selectively deuterated samples (either at the methyl or at the butyl groups) by inelastic fixed
energy scans at the BSS spectrometer at FZJ. In this experiment, we investigated these three samples at the S29
spectrometer, aiming to characterize the fast dynamics at low temperature, with particular emphasis paid to the
possible identification of tunnel effects.
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In Figure 2, the three data sets for T=2 K are
reported, while Figure 3 refers to data at 60 K.
The measurements refer to Q=4.5 Å-1. The
spectra look rather structureless, this presumably
being a consequence of the amorphous
morphology of the samples.
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Triple-Axis Spectrometer (UNIDAS)

Instrument Parameters
Beam tube:
Monochromators:
Analyzers:
Filter:
Collimators:
Angular range
- Monochromator:
- Scattering angle:
- Analyzer:
- Sample:

Beam size at specimen:
Neutron flux at sample position:
Incident:
Energy transfer:
Momentum transfer:
Detector:
Background:
Time resolution for stroboscopic
experiments:

Sample environment:

4H4 radial  4"
pyrolytic graphite (002), vertical focusing
pyrolytic graphite (002), focusing germanium (111)
pyrolytic graphite, for incident and/or final beam
15' ... 60' (Rutherford collimators)
12.5° d 4M d 60°
90° d ) d 130°
(with different configurations)
75 d 4A d 75°
180° d \d 180°
180° d F d 180°
(with
180° d M d 180°
Eulerian cradle)
35 x 90 mm2
typically 5 u 106 n/cm2 s
0.8 Å dOd 4 Å
0.02 meV d !Z d 80 meV
0.05 Å1 d Q d 10 Å1
3
He (8 bar)
d 2 cnts/min
2 ms d 't d 200 s
goniometer, r20° tilt; Eulerian cradle; 2 closed-cycle cryostats
(10 K d T d 300 K); 2 bath cryostats (4 K d T d 300 K); 2 standard
furnaces (300 K d T d 1100 K); 1 special furnace (500 K d T d 1800
K); 2 four-circle furnaces (300 K d T d 1300 K) ; furnace for uniaxial
(periodic) pressure; automatic temperature control

Instrument Responsible
Dr. Andreas Hoser

Tel. +49-(0)2461-61-4762

85

Email: a.hoser@fz-juelich.de
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Experimental report text body
The itinerant antiferromagnetism in Cr has attracted considerable attention during the last 40 years [1, 2].
Its low-temperature behavior is associated with the existence of spin-density-waves (SDWs) incommensurate
with the bcc lattice periodicity of Cr. The present research was addressed to Cr/V layered systems where the
SDW behaviour is conditioned by proximity effects due to the hybridization between very similar Fermi
surfaces of chromium and vanadium. Within the experiments performed we have made a systematic study of
the SDW behavior in a V(14 Å)/Cr(2000 Å)/V(14 Å) heterostructure in comparison to that in bulk Cr, simple
Cr(2000 Å) film, and Cr(2000 Å)/V(14 Å) system [3]. We provided direct evidence for the propagation
direction of the SDWs in Cr/V heterostructures being conditioned by the V/Cr interface hybridization effects.
The samples were grown with a UHV sputtering systems on MgO(001) substrates. The structure of the
samples was determined with X-ray Diffraction, the SDW parameters (period, polarisation, propagation
direction) and their evolution with temperature were determined by Neutron Diffraction at the Triple-Axis
Spectrometer UNIDAS. To determine the SDW parameters we measured the intensity of the SDW satellites
arising in K and L directions around the positions of Cr (001) and (100) magnetic Bragg peaks. The position
and intensity of satellite reflections contain all the information on the SDW state in Cr.
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Fig. 1. Neutron scattering measurements made in the L direction around the (010)Cr (a) and (001)Cr (b) positions to explore the SDW
in the V/Cr/V heterostructure. The curves measured at different temperatures are depicted with an offset in the vertical direction for
clarity

In our previous experiments we observed that the SDW in Cr/V bilayers propagates in the film plane
[3]. Our present experiments [4] at the V/Cr/V trilayer system have revealed that the addition of the top V layer
induces change of the SDW propagation direction from in-plane to out-of-plane one as compared to a similar
system without the top vanadium layer [3]. Since there is no essential difference in the Cr structural properties
for the Cr/V sample investigated before [3] and the V/Cr/V sample from the present experiment, the difference
in the SDW behavior is completely due to the Cr-V hybridization at the upper Cr-V interface. To gain insight
into the anomalous behaviour of the SDW in Cr/V system, further investigations are needed.
The research was partly supported by SFB 491 and INTAS.
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[2] H. Zabel J. Phys: Condens. Matter 11, 9303 (1999).
[3] E.Kravtsov, A.Nefedov, F.Radu, A.Remhof, H.Zabel, R. Brucas, B.Hjörvarsson, A.Hoser, S.B.Wilkins
Phys. Rev. B 70, 054425 (2004). See also our exp. report about UNIDAS experiments in 2003.
[4] E.Kravtsov, R. Brucas, B.Hjörvarsson, A.Hoser, G. McIntyre, H.Zabel J. Magn. Magn. Mater., in press.
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Experimental report text body
The interesting phenomena observed in several types of manganates arise from a complex interplay between
several degrees of freedom. In the pseudo-cubic perovskite manganates of the series RE1-xAxMnO3 the close
coupling of spin, charge and orbital degrees of freedom results in the well-known colossal magneto-resistance
in the intermediate doping regime. However, at higher doping levels around x=0.5 the metallic phase is
suppressed by a very complex ordering of both charge/orbital and spin degrees of freedom. The stability of this
ordering scheme is even enhanced in single-layered La1-xSr1+xMnO4, the
two-dimensional equivalent of the perovskite manganates, and this
compound has recently become a model system for direct observation of
orbital ordering with resonant x-ray techniques [1].
We want to study the magnon and – since the lattice is intimately coupled
to the orbital degrees of freedom via the Jahn-Teller-Effect – phonon
dispersions in the ordered state. In the layered compound the experimental
observation of collective excitations benefits much from the tetragonal
crystal structure of the K2NiF4 type. Notice, that in contrast in the pseudocubic perovskite manganates systematic studies of e. g. magnetic
excitations are nearly impossible due to the reduction of the crystal's
symmetry from cubic down to monoclinic and the resulting complex
twinning rules.
At the UNIDAS triple axis spectrometer we performed an experiment to
Fig. 1.: Schematic picture of
charge-, orbital and magnetic
investigate the low-lying part of the magnetic excitation spectrum and the
order in La0.5Sr1.5MnO4 [2].
acoustic branches of the phonon dispersion. We used a high quality single
crystal grown at our institute in Cologne using the floating-zone technique.
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During the measurements the crystal was aligned with the (100) and the (010) direction of the crystal within the
scattering plane. Since the magnetic structure is essential 2dim. this mounting ensures an efficient integration of
the magnetic excitations along the tetragonal c-axis. The sample was cooled to 10K with a He-cryogenerator. In
all scans we used a fixed initial neutron energy of 14.7meV and a graphite-filter mounted before the detector
was used to reduce the O2-contamination. Typical examples of the scans at 10K are shown in figure 2.

Fig. 2: Transverse scan across the
antiferromagnetic position (0.25 0.25 0)
(left) and energy-scans at fixed Qposition to detect the low lying part of
the acoustic phonon branches (right).

With this configuration we were able to observe the magnetic reflections at the quarter positions at low
temperatures. However, the reflections were all very weak in intensity – typical counting time for this kind of
elastic scans has been one minute per point. In addition, we have not been able to observe the low lying part of
the magnetic excitation spectrum; all inelastic scans we performed around antiferromagnetic Bragg-positions
were to poor in intensity to reveal a magnon-branch. Therefore, we concentrated on the low-lying part of the
acoustic phonon branches. We started to measure the acoustic phonon branch along the c-direction with
longitudinal polarisation, see Fig. 2, and the transverse acoustic modes along the [xx0]-direction polarized
along the c-direction. However, in both cases the signal remained very weak in spite of sizeable counting times
of 20 and 6 minutes, respectively. Since these phonon modes actually are the most favorable ones in terms of
dynamic structure factors, it appeared not promising to extend these studies. The rest of the designated beam
time we focused on elastic scattering studies on commensurable and incommensurable magnetic ordering in
214-cobaltates, La2-xSrxCoO4, which are isostructural to the single-layered manganates [3]. Furthermore,
Köbler and Hoser used the half-doped manganate crystal for a very precise determination of the temperature
dependency of the magnetic Bragg-intensities.
[1] Wilkins et al., Phys. Rev. Lett. 91, 167205(2003); Dhesi et al., Phys. Rev. Lett. 92, 056403(2004); Huang et al., Phys. Rev. Lett.
92, 087202(2004). [2] Sternlieb et al., Phys. Rev. Lett. 76, 2169 (1996); Murakami et al., Phys. Rev. Lett. 80, 1932 (1998); Larochelle
et al., Phys. Rev. Lett. 87, 95502 (2001). [3] for further details see separate experimental report
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Experimental report text body
Yttrium-iron-garnet (YIG) with the sum formula Y3Fe5O12 is well known as a ferrimagnet [1,2]. This means
that there is a ferromagnetic and an antiferromagnetic component. In earlier investigations of YIG we have
observed that the spontaneous magnetization has a different temperature dependence as compared to the
antiferromagnetic component (sublattice magnetization). Fig. 1 shows the normalized results of both ordered
components as a function of the reduced temperature squared.
The different temperature dependence rises the question what the order parameter is. We have proposed that
ferromagnetic and antiferromagnetic component can be identified as two distinguished order parameters. A
clear evidence for this would be given by different transition temperatures. Note that in Fig. 1 the two
components have been normalized to identical transition temperatures. It is very difficult to verify
experimentally whether the two transition temperatures are identical or not. Note that in other cubic magnets
with a half-integer spin such as GdMg [3] or Eu0.8Sr0.2Te [4] (S=7/2) two order parameters were identified on
account of different transition temperatures. In GdMg the main order is ferromagnetic and the second magnetic
structure is antiferromagnetic. This is opposite to the situation in YIG. In Eu0.8Sr0.2Te the two ordered structures
are antiferromagnetic.
A second argument for considering the two magnetic structures of YIG as different order parameters is the
different character of the associated phase transitions. The spontaneous magnetization exhibits a continuous
phase transition with mean field critical exponent E=1/2 according to the data of Ref. [5]. Also the macroscopic
susceptibility shows mean field critical behaviour with J=1. Fig. 2 reproduces older literature results which
demonstrate J=1 for the susceptibility [1].
On the other hand, the phase transition of the antiferromagnetic component seems to be discontinuous. Because
of strong critical diffuse scattering intensities this is not easy to verify experimentally using neutron scattering.
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We have performed careful neutron scattering measurements on a YIG single crystal in the vicinity of Tc =
551.7 K using instrument UNIDAS in order to prove the first order character of the antiferromagnetic phase
transition. Fig. 3 shows the temperature dependence of the fitted Lorentz line intensities. These intensities
sample the diffuse critical scattering. From the rather sharp maximum of these intensities the critical
temperature can unambiguously be identified. Using this value for Tc we have plotted in Fig. 4 the temperature
dependence of the sublattice magnetization (square root of the Gauss profile intensities after subtraction of the
lattice contribution) vs. (Tc-T)1/2. Fig. 4 confirms the discontinuous character of the phase transition. Moreover
a critical exponent of E=1/2 as for the spontaneous magnetization reveals from Fig. 4.
As a conclusion, ferromagnetic and antiferromagnetic component are two separate order parameters. The two
vector components are evidently orthogonal. This conforms to the situation in many other magnetic materials
with a half-integer spin including the weak ferromagnets [6].
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Experimental report text body
Clusters of paramagnetic metal ions behaving like single molecule magnets have revealed many quantum
effects in the dynamics of the magnetization, like the resonant quantum tunneling of the magnetization and the
related stepped hysteresis cycle. Many theories have been developed to rationalize the quantum tunnelling
phenomena in these systems by using very different approaches, ranging from perturbative treatments to semiclassical instantons techniques. However all these models have the common assumption that considers only the
ground spin state arising from the interaction of many individual spins; in other words the system is treated as a
"Giant Spin" [1-3]. Extensive investigations have been performed on the molecular cluster
[Fe8(tacn)6O2(OH)12]Br8 (briefly Fe8), a system characterised by an overall D2 symmetry and by a magnetic
ground state with an effective spin S=10. Detailed information on the Zero Field Splitting (ZFS) of Fe8 has
been obtained by high-resolution INS experiments carried out on IN5 at the ILL [4]. The composition of the
ground-state wave function and the size of the magnetic anisotropy barrier are therefore well known. Much less
is known about the excited spin states and the inter-ion exchange coupling. The only information on the four
relevant exchange parameters Ji comes from magnetisation data [5]. Using the reported values for Ji and the
ZFS Hamiltonian given in [4], the splitting between the ground state S=10 and the first excited S=9 multiplet is
predicted at about 4 meV.
Recently, the possibility that resonant quantum tunnelling can occur in the Fe8 also between states belonging to
different spin multiplets has been proposed [6]. Specific heat and complex magnetic susceptibility, measured as
a function of an applied magnetic field, show anomalies that can be interpreted as a signature of tunnelling
between states with different S, at critical fields corresponding to level crossing between |10,M> and |9,M'>
states. In contradiction with previous estimates, this interpretation requires a small splitting between
the S=10 and S=9 multiplets, smaller than 2 meV.
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To shed light on this important issue, and determine the actual S-level energy scheme in Fe8, a 2 days test
experiment has been performed using UNIDAS triple-axis spectrometer to measure magnetic excitations
related to exchange coupling between the spins of one cluster.
In particular, the energy-transfer region from 0.5 to 2 meV has been explored, with constant Q scans at Q = 0.3
and 0.5 Å -1.The sample, 2 grams of perdeuterated material, was kept at T = 16 K. The spectrometer was
operated with incident k = 2.667 Å-1 and collimations 120’ – 70’ – 40’ – 30’ – 30’.
No magnetic excitations have been observed in the explored energy range, so that the hypothesis S=10 and S=9
excitation at energies smaller than 2 meV [7] is not substantiated.
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Figure 1: Neutron scattering measurements recorded with at fixed Q = 0.3 and 0.5 Å -1with ki = 2.667 Å-1 and
T=16 K.
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Experimental report text body
Introduction
Ordering effects like spin, charge, and orbital order are common phenomena among doped transition metal
oxides. These effects and their interplay are of particular importance to understand the outstanding physical
properties of the compounds i.e. colossal magnetoresistance (CMR) in manganites and high temperature
superconductivity in cuprates. The reduced dimensionality in the Ruddlesden-Popper series (n=1) leading to a
decoupling of magnetic layers and the absence of twinning problems make single layered perovskites
interesting to study the mechanism of ordering.
So far rich ordering phenomena were oberserved in many layered compounds like La2-xREzSrxCuO4+y [1], La2xSrxNiO4 [2], La2-xSrxMnO4 [3-5], La1.5Sr0.5CoO4 [6-7] but a comprehensive picture for charge and spin order
and separation by “striping” in the isostructural family is still missing.
Experimental
Large single crystals were grown by the floating zone method and characterized with a four-circle x-ray
diffractometer and a SQUID magnetometer. Pieces of typically 1 cm in diameter and 3 cm in length were
mounted in (100)/(010) orientation (I4/mmm). After initial alignment we examined typical superstructure peak
positions via elastic scans with ki = 2.667 Å-1 at 16 K and several higher temperatures. Problems for x = 0.3,0.6
were caused by the instability of the crystal alignment in the sample holder and a temporary failure of the
temperature regulation.
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Results
The aim of this experiment was to investigate spin and charge order in La2-xSrxCoO4 for 0.3 < x < 0.6 in view
of a stripe ordered phase and a spin state transition of Co3+ ions. As expected for a magnetic propagation vector
(0.25+H 0.25+H 1) in La1.5Sr0.5CoO4, we found superstructure peaks below 40 K at slightly incommensurate
positions (-0.75+H 0.25+H 0) and (-0.25-H 0.75-H 0) with Hasee Fig. 1. Also a weaker superstructure
contribution was found at (0.25 0.25 0). Because of the not well defined spin arrangement along the c-axis this
is due to two-dimensional ordering. Changing the doping level to x = 0.4 H increases up to 0.054. A simple
modulation of the antiferromagnetic order would result in two satellite peaks but only one can be found. This
suggests a essentially different propagation vector. For x = 0.4,0.5 no charge order contributions were found in
this orientation. Further investigations with altered crystal orientation and doping levels x = 0.3,0.6 would be
helpful to analyse the change in the charge and spin arrangement.

Figure 1: Elastic (-0.75+H, 0.25+H, 0) scan performed on
Figure 2: Simple schematic picture of spin and
charge order in La1.5Sr0.5CoO4. Circles
UNIDAS with ki = 2.667 Å-1. Changing the doping
level from x = 0.5 to 0.4 H increases up to 0.054.
indicate Co3+ and arrows Co2+ ions.

Figure 3: Elastic (-0.75+H, 0.25+H, 0) scan for
Figure 4: Temperature dependence of the (-0.3, 0.7, 0)
peak.
La1.6Sr0.4CoO4 at 16 and 120 K.
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( Please use 12 pt letters here ! )
Introduction: Below 423 Kelvin the Jahn Teller system CsCuCl3 is a hexagonal perovskite with a lattice
symmetry P6122 in the low temperature phase [1]. The lattice consists of chains of face sharing distorted
Cl6-octahedra centered by the Cu2+ ions along the c axis. These chains are arranged on a triangular lattice in the
ab-plane.
Below 10.65 K a triangular spin arrangement of the 120°-type structure is formed in the ab-plane by the Cu2+
moments and an incommensurate spiral occurs along the c axis with a repetition length of about 71 layers (fig.
1), [2]. The 120° structure results from the antiferromagnetic coupling on the triangular lattice. CsCuCl3
belongs to the family of frustrated magnetic systems. A reduced ordered moment of 0.58 µB for the S = 1/2 spin
of the Cu2+ ion was measured [2]. The magnetic interaction along the c axis is predominantly ferromagnetic. An
additional Dzyaloshinskii-Moriya interaction accounts for the observed incommensurate magnetic helix along
the c axis.
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Experiments: Main purpose of our experiments was to study the nature of the magnetic phase transition at
10.6 K since theories are controversial on the nature of the transition. Either a second order phase transition is
suggested, determined by the presence of chirality in this system, or it is proposed a transition which is
“weakly” of first order. The measurements were performed on the triple axis spectrometer UNIDAS with
removed analyzer. Scans were mainly done across the reciprocal lattice points (1/3 1/3 r0.087) which
corresponds to the location of the magnetic Bragg peaks. We have measured a single crystal of linear
dimensions above 10mm in a closed cycle machine in the temperature range between 4 K and 20 K. The
stability in temperature was better than 0.03 K allowing for scans with a step width of 0.02 K. The absolute
temperature determined with a silcon diode sensor was shifted by half a degree Kelvin with respect to values in
the literature and will be calibrated more carefully in the near future. First a thorough alignment was done to
orientate the crystal with the (h h l) reflections inside the scattering plane. Rocking curves of the nuclear
reflections revealed a small asymmetric distribution of the mosaicity seen in an asymmetric line shape and a
small peak of a few percent in intensity with respect to the main reflection.
In the magnetically ordered state below TN the measurements confirmed a critical power law behaviour of the
order parameter with a critical exponent of ¼ as reported elsewhere. For the first time we got clear evidence of
magnetic diffuse scattering. The left figure below shows two scans along (1/3 1/3 l) one collected at 5 K in the
antiferromagnetic state and the other collected at 11.16 K just below TN | 11.18 K. Clearly visible is the
increased diffuse scattering between -0.2 and 0.2 for l. The figure on the right side shows the decrease of the
intensity at the magnetic Bragg position (1/3 1/3 0.087) above TN. Since the diffuse scattering is very weak, the
statistics of the data is limited and probably allows only for a semiquantitative analysis which is in progress.
Scans to obtain the lineshape of the diffuse scattering could only be done at a very few selected temperatures
and may be continued in the future at a few more temperature points to complete the data set of the
measurements reported here.
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Figures: left: Magnetic Bragg intensities at (1/3 1/3 l) and weak diffuse scattering. Small peak at l=0 is 3rd
order of nuclear (1 1 0) reflection. right: Intensity at the peak maximum (1/3 1/3 0.087) between 11.19 K and
18.19 K.

[1] S.J. Hirotsu, Phys. C10 (1977) 967
[2] K. Adachi, N. Achiwa and M. Mekata J. Phys. Soc. Japan 49 (1980) 545
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High Resolution Backscattering Spectrometer (BSS)

Instrument Parameters
Beam tube:

NLI, cold neutrons, straight guide,
10 cm (height) u 7 cm (width)

Beam size at sample:

3.5 cm u 3.5 cm

Neutron flux at sample:

104 n/cm2s

Background:

| 8 counts/h

Monochromators:

Si(111), Si0.9Ge0.1(111)

Analyser:

Si(111)

Detectors:

nine 3He counters, one 3He monitor

Incident energy:

2.08 meV Si(111), 2.07 meV Si0.9Ge0.1 (111)

Incident wavelength:

6.271 Å Si(111), 6.30 Å Si0.9Ge0.1 (111)

Energy transfer range:

15 ... 15 PeV Si(111), 29 ... 1 PeV Si0.9Ge0.1 (111)

Energy resolution (FWHM):

1.2 ... 2.4 PeV Si(111),| 2 PeV Si0.9Ge0.1 (111)

Elastic Q-range:

0.2 ... 1.9 Å1

Q-resolution:

0.05 Å1 ... 0.25 Å1

Sample environment

orange cryostat 2 ... 300 K; closed cycle cryostat 12 ... 350 K;
cryofurnace 80 ... 750 K; furnace 300 ... 1900 K

Instrument Responsible:
Dr. Andreas Wischnewski
Dr. Michaela Zamponi

Tel. +49-(0)-2461-61-4714
Tel. +49-(0)-2461-61-4775
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Email: a.wischnewski@fz-juelich.de
Email: m.zamponi@fz-juelich.de
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Experimental report text body
The performance of the backscattering instrument is based on five characteristic times for which exist
traditional values, i.e.:
Æ the counter-delay-time = cd = 20msec
Æ the monitor-delay-time = md = (5.0-5.25)msec
Æ the chopper-gate-phase = gp = 2.7msec
Æ the chopper-gate-period = go + gc = 9.52msec
Æ the chopper-gate-closed = gc = 5.7msec
The two delay-times represent the flight paths of the ‘legal’ neutrons (having passed the analyzer) to their
respective sink, whereas the three gate-times should suppress optimally the ‘illegal’ neutrons (having not
passed the analyzer).
In principle, the first 3 times may be derived from geometrical distances together with the known speed of the
incident neutrons. However, their determination by scattering signals should be more reliable and precise (e.g.
influence of the fluctuation of distances due to the movement of the doppler-drive?, performance of pick-up
signals?, performance of gating?). Thus we have chosen the following 3 criteria in order to determine those
times by neutrons:
1. cd Ù follows from the requirement that the positions of the elastic peaks are the same for ‘rising’ and
‘falling’ speeds of the doppler-drive. This criterion follows from the fact that each channel (or speed of
doppler) is encountered twice during the sinusoidal period of the doppler-drive (Fig.1).
2. md – gp Ù follows the requirement that the monitor flux is at maximum. This criterion ensures that the
discriminating action of the gate starts after the chopped burst of neutrons has passed the monitor (Fig.2).
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3. md Ù follows from the requirement that the background towards the extreme speeds of the doppler-drive is
minimal. This criterion follows from the fact that the associated ‘channel opening time’ (proportional to the
inverse acceleration) is largest in this region. Therefore, dividing the detector-counts collected in those
channels by wrongly associated ‘monitor-counts’ will result in an increase.
Fig.1: Location of the elastic peak as a
function of the counter-delay-time cd for
discrimination of either the half-period of
rising (circles) or falling (squares) speeds of
the doppler-drive. The intersection
determines’cd’ = 19.11msec which
corresponds to an average flight path of
12.05m for the ‘legal’ neutrons from
‘doppler’ to ‘counter’.

Fig.2: Variation of the monitor flux
with the monitor-delay ‘md’ for two
settings of the phase of the gate ‘gp’.
The resulting two peak positions
constraint the difference ‘md - cd’ to
2.55msec. This constraint maintained
when optimizing ‘md’ (Fig.3).

Fig.3: Variation with monitor-delay
‘md’ of the background averaged
between 10 to 17µeV. Sample is
vanadium. Error bars denote the
standard deviation of the 47
contributing data points.

in summary the following characteristic times
have been obtained for Si-monochromator:
Æ the counter-delay-time = cd = 19.11msec
Æ the monitor-delay-time = md = 5.1msec
Æ the chopper-gate-phase = gp = 2.55msec
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Experimental report text body
Mesitylene can assume 3 different crystalline phases at He temperature. Phases I and III were studied earlier
[1]. Phase II requires a special sample treatment to appear. The formation of phase II with history/annealing
was controlled on the thermal TOF spectrometer [1]. When the vibrational density of states showed that the
sample is in phase II the cryostat with sample was transferred to the backscattering spectrometer and the spectra

Fig. 1 Spectra of phase II of mesitylene at low T.
Temperatures T=4.2K(red), 11.0K(blue)
And 21.4K(green)

Fig. 2: Spectra of phase II of mesitylene at higher T.
Temperatures T=21.4K(red), 25.1K(blue), 27.2K
(green) and 30.7K(magenta).
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measurements started. The complex tunneling spectrum of phase II shows remarkable unusual changes at the
lowest temperatures T<10K where phonons usually do not affect the spectrum [3]. Two low temperature
spectra are compared to a spectrum typical for higher temperature in fig. 1. From a lowest temperature T=2.1K
to T~5K a shape is conserved with a narrow tunneling doublet at 7PeV together with a weakly indicated
broader doublet at 13PeV and a possible weak high energy wing around 24PeV. The four tunneling bands used
to describe the spectrum at T=2.1K show intensity ratios 1:2:2:1. The integrated tunneling intensities show that
all methyl groups are observed. From these two informations the multiplicities and site symmetries of a
possible crystal structure can be extracted. Two inequivalent molecules of equal occurrence probabilities must
be present and a mirror plane has to make two of the three methal groups of the molecule equivalent. Such
guesses need clearly the verification by a diffraction study of the crystal structure.
With increasing the temperature to 20K the broad line at 7PeV transforms into a sharp resolution determined
peak while the high energy intensity becomes a clear and narrow doublet with tunnel energies of 13 and
14.8PeV and a shoulder at 17.9PeV. The 13PeV line dominates the spectrum before the 14.8PeV line reaches
about similar intensity and the two lines merge. The tunneling bands at high energy transfers have merged
above 22K (fig. 2). Due to overlapping and unresolved lines the shift and the broadening of transitions which
give access to librational energies are to dependent on arbitrary assumptions to be described by Arrhenius laws
[3].

[1] FZJ Experimental report BSS-03-005 (2003), p. 111
[2] FZJ Experimental report S29-03-008 (2003), p. 61
[3] A.C. Hewson, J. Phys. C15,3841 and 3855(1982)
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Room temperature ionic liquids are a novel class of material that is attracting great attention as a green
alternative to the environmentally noxious volatile organic solvents. They can be used as reaction media for a
number of (bio) catalytical process. Due to their ionic nature they have negligible vapor pressure, interesting
dielectric properties and a wide temperature
window where the liquid state is stable. Moreover
they do not burn, they are not noxious and are
relatively chemically stable.
Methyl Rotation
A typical representative of RTIL is 1-methyl-3butyl imidazolium hexa fluorophosphate,
[bmim][PF6]. Its chemical architecture is shown in
Figure 1.
We recently undertook a detailed study of
relaxation processes occurring in such a material
and collected the first quasi elastic neutron
scattering data from this class of materials.

Diffusive Dynamics

Librational
Dynamics

In particular, we exploited the possibility of
collecting inelastic fixed energy scans that is
available at the BSS spectrometer at FZJ.

Butyl relaxation

Figure 1.
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Inelastic Fixed Energy Scan

This instrumental approach is very powerful, as it
allows the detection of dynamic processes in novel
materials where no previous information is
available. In particular the number of neutrons that
are inelastically scattered (with 'E=14.15 PeV) are
probed while scanning the temperature. Such an
approach is complementary to similar experimental
techniques such as dynamic mechanical or
dielectric spectroscopies. It is also complementary
to the so called Elastic fixed energy scan approach
which is also based on neutron scattering, but
simply probes the number of elastically scattered
neutrons upon temperature change.
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At present very little information is available on
the relaxation processes occurring in [bmim][PF6].
In this context, then we must use neutron scattering
data as a primary source of information, without possessing data from other experimental techniques.
We report the IFW scan from [bmim][PF6] in figure 2 for different Q values, as a function of temperature. A
detailed modeling of the patterns is shown in Figure 3. In particular it is evident that in order to model the IFW
scans it is necessary to consider the existence of three processes.
The two lowest temperature processes are characterized by a different Q-dependence that the highest
temperature one.
It is evident that the low temperature
process occurs at the same temperature
whatever the Q value. On the other hand the
100
high temperature process shows a distinct
[bmim][PF 6 ]
-1
Q-dependence.
Q=1.29 A
These observations indicate that the two
80
low temperature processes correspond to
localized processes, while the third one is
corresponds to a diffusive process.
IFW S (counts/sec)

Figure 2.

60

We are now in the process of quantitatively
modeling the data to extract a detailed
picture of the dynamic processes occurring
in [bmim][PF6].
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Figure 3.

Form Version: 19.02.03

2

106

Institut für Festkörperforschung
Forschungszentrum Jülich GmbH
D-52425 Jülich

Experimental Report
of Neutron Scattering Experiments
at the FRJ-2 Reactor
Proposal number:

BSS-03-013, BSS-04-001

Experiment title:

Investigation of the ammonium ion dynamics in Ammonium Dicyanamide
NH4[N(CN)2]

Dates of experiment:

12/03
04/04

Experimental team:
Names
Bettina Lotsch

Dr. H. Grimm
Local Contact:

Date of report:

20.10.04

Addresses
Ludwig-Maximilians-Universität München
Butenandtstraße 3-10, Haus D,
Lehrstuhl für anorganische Festkörperchemie,
81377 München
Institut für Festkörperforschung, Forschungszentrum Jülich, 52 425 Jülich
Dr. H. Grimm

Experimental report text body
In recent years, synthetic approaches towards the binary carbon nitride C3N4 via molecular precursor routes
have attracted considerable interest in solid-state chemistry. Simple inorganic nitridocarbonates(IV) such as
dicyanamides and tricyanomelaminates have been discussed as potential precursors due to their pronounced
thermal solid-state reactivity [1]. However, little information is available about the formation processes leading
to highly networked C-N materials via thermal condensation reactions in the solid phase. On this background,
our interest is focused on the molecular mechanism and the dynamics of reactions proceeding in the solid state,
as well as on the characterization of molecular
motions in a temperature regime below the
reaction onset.
As a model system the ammonium salt of
dicyanamide NH4[N(CN)2] (1) was chosen,
which exhibits a unique thermally induced solidFig. 1: Thermal transformation of NH4[N(CN)2] (1) in the solid state.
phase reactivity: At temperatures > 353 K, the
solid-solid isomerization of the ionic crystal into the molecular compound dicyandiamide (dda) NCNC=(NH2)2
(2) is observed [2]. Dda is further transformed into melamine (3) at T > 443 K (Fig. 1).
Neutron diffraction experiments at the TOF instrument ROTAX at ISIS, UK [3,4], as well as inelastic neutron
scattering experiments at the TOF instrument SV29 of FRJ-2/Jülich were conducted in order to gain insight into
temperature dependent structural and dynamic effects as well as lattice and librational modes in a large
temperature range prior to the onset of the transformation.
In order to study the time scale of the molecular motions of the ammonium ion both below and during the
transformation, yielding supplementary information on particularly fast motions which are not satisfactorily
accessible by 2H solid-state NMR, inelastic fixed-window measurements between 10 and 380 K were
performed at the BSS instrument of FRJ-2/Jülich. A dynamic process was observed to enter the energy window
accessible to the instrument at temperatures § 230 K, peaking around 310 K, with an activation energy of about
2470 K and an attempt frequency in the order of 26.3 meV (Fig. 2). The regular descent of the intensity,
however, is distorted by the appearance of another process presumably correlated with the transformation onset.
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The latter can clearly be seen by the rapid drop-off
of the intensity around 350 K, which is in
coincidence with diffraction and solid-state NMR
spectroscopic data.
Measurements repeated with the reacted sample
corroborate the presence of another process entering
the dynamic window around 250 K, which may
either be due to the transformation product dda or to
physisorbed ammonia which is evolved during the
course of the reaction.
In order to probe the onset temperature for
quasielastic broadening to occur, the elastic intensity
was monitored in a temperature range between 10
and 315 K by elastic fixed-window scans. The
elastic intensity starts to fall off rapidly due to

Fig. 3. EISF vs Q as obtained by the Ȧ-scans at three
temperatures. Quasielastic contributions were observed at T 
328 K. The fit curves correspond to a two- (black) and threedimensional (blue) jump geometry.

Taking the sample measured at 5 K as calibration,
the Debye-Waller factors were extracted from the
combined elastic and quasielastic intensities.
Assuming a thermal displacement parameter of
0.007 Å2 at 5 K and neglecting multiple scattering
effects and coherent scattering contributions,
displacement parameters around 0.06 Å2 are
obtained at 330 K. Whereas the respective values
from 2H NMR measurements differ somewhat due
to slightly different presuppositions for the
librational model, the temperature dependence of the
librational amplitudes obtained by the QENS
measurements agree well with those from neutron
diffraction measurements (Fig. 4).

Fig. 2. Inelastic fixed-window scans between 10 and 380 K.
Black: Prior to and during reaction (“unreacted sample”), red:
reacted sample (average of detectors 1-5). The blue curves
represent the difference plot of the black and red data points as
well as the fit (straight line), taking into account a single dynamic
process.

quasielastic (in addition to Debye-Waller) contributions at § 200 K.
As a next step, Ȧ-scans at different Q values and eight
temperatures between 5 and 397 K were conducted.
From the high temperature measurements containing a
quasielastic contribution, the Elastic Incoherent
Structure Factor (EISF) was extracted and the
observed Q-dependence fitted based on different
models for the jump geometry of the NH4+ ions (Fig.
3). Taking the jump distance to be 1.7 Å, a three
dimensional jump process around all C3 or C2 axes of
the tetrahedron agrees best with the experimental data.

Fig. 4. Librational amplitudes of the hydrogen atoms in NH(D)4+
as obtained by 2H solid-state NMR, neutron powder diffraction
and QENS at BSS.

[1] a) B. Jürgens, E. Irran, J. Schneider, W. Schnick, Inorg. Chem. 2000, 3665;
b) E. Irran, B. Jürgens, W. Schnick, Chem. Eur. J. 2001, 7, 5372.
[2] B. Jürgens, H.A. Höppe, E. Irran, W. Schnick, Inorg. Chem. 2002, 41, 4849.
[3] B. V. Lotsch, J. Senker, W. Schnick, Inorg. Chem. 2003, 43, 895.
[4] B. V. Lotsch, J. Senker, W. Kockelmann, W. Schnick, J. Solid State Chem. 2003, 176, 180.
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Polymer electrolytes are attracting great interest for their applications in the development and improvement of
smart electrochemical devices, ranging from secondary batteries to electrochromic windows.
Typical representative of this class of materials is the mixture between a polyether, such as poly ethylene oxide,
and lithium-based salts, such as LiClO4.
Due to the interaction between the Li+ cation and the ether units, a complex morphology develops, with the
polyether units wrapping around the Li+ cation and hindering its diffusion. Such an interaction shift the
chemical equilibria so that the salt becomes soluble in the polymer matrix, leading to a substantial electric
conduction. The electric conduction is mainly related to the cation diffusion, that is strongly related to the
salvation – desolvation process of the polyether units around the ion. This process is an activated one and is
directly related to the polymer segmental motions. Accordingly a rationalization of the conducting
performances of polymer electrolytes requires a proper knowledge of the relaxation processes occurring in the
hosting polymer.
We recently worked on a random copolymer of poly ethylene-oxide and poly propylene oxide doped with
Li(SO2CF3)2. The complex chemical architecture of the polymer and the presence of PPO in it, strongly hinders
the polymer crystallization, thus leading to a fully amorphous polymeric matrix. This feature is fundamental, as
ion conduction in polymer electrolytes typically occurs in the amorphous phase.
In order to understand the nature of relaxation process in this complex mixture, we undertook a series of
measurements, including dielectric and mechanical spectroscopies and quasi elastic neutron scattering.
In a previous experiment, we investigated the Inelastic fixed energy scan from the salt doped and the neat
polymer matrix.
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Those measurements were successful in accessing the
complex dynamic behaviour in the present PE. Those data
have been recently published [A. Triolo et al.;
Macromolecules, 37, 8653 (2004)].
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In order to get a more quantitative insight into the local
dynamic processes in the present PE, we collected elastic
fixed energy scans on the same samples that were explored
by IFW scan.
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The data collected at the BSS at FZJ on the pure polymer
matrix are reported in Figure 1. In agreement with the
findings from the IFW scans, a low temperature process
Figure 1
can be observed, corresponding to the intensity drop
between 100 and 200 K. The previous study related this
feature to the methyl group relaxation. This process is not affected by the addition of salt, as can be observed in
Figure 2, where the data for the PE are reported
([O]:[Li]=20:1). A comparison between the data in
14000
Figures 1 and 2 does not provide a clear
12000
differentiation between the two conditions (salt
10000
free and salt doped samples).
These data sets are presently under evaluation in
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order to extract a more detailed description for the
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methyl group relaxation. On the other hand, these
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results highlight the advantage in using IFW scans
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diffusive processes. In Figure 3, we show a
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comparison between IFW and EFW scans from
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salt doped polymer at a fixed Q value. It is
temperature / K
important to note that while the EFW scan does
not show relevant features (if not a distinct drop in Figure 2
the intensity) when the diffusive process becomes
active, on the other hand the IFW scan shows a well defined peak that can be quantitatively modeled in terms of
VTF parameters for the temperature
dependence of the relaxation time of the
diffusive process. Moreover, IFW scans
100
allow a clear, model-free, detection of
the
appearance
of
a
dynamic
heterogeneity in the salt doped sample,
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as a consequence of salt addition, that
cannot be appreciated from the EFW
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scan.
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Introduction
The frequency-dependent ac-susceptibility experiments on Ho2Ti2O7 show a rich spectrum of dynamics1. The
neutron spin echo (NSE) experiments2 reveal the physical origin of these spin dynamics of spin ice, Ho2Ti2O7.
The S(q,t) / S(q,0) < 1 at ~ 10-12 s suggests the possible existence of a third short timescale relaxation processes
in Ho2Ti2O7 beyond the resolution of the neutron spin echo technique. This phenomenon is explained to be
associated with small incoherent oscillations of the spins about their <111> easy axes2. These data conclusively
revealed that the relaxation above 15 K was almost purely thermally activated, with an activation energy of
~250 K (the energy scale associated with the lowest crystalline electric field level). Below 15 K, the relaxation
was athermal (a characteristic of quantum fluctuations) and did not freeze out until 1K. A picture with
considerable quasielastic scattering, and quantum tunnelling effect, which would show should the low lying
modes similar to those seen in other quantum magnet like the Mn-12 and Fe-8 ring systems, therefore is
proposed for these backscattering experiments.
Experimental
20 grams of single phase Ho2Ti2O7 powder has been prepared and filled in a hollow cylinder sample holder in
order to reduce the absorption effect in the neutron experiments. In the first experiment, the data of three
different temperatures 4.63 K, 30.85 K, and 50.61 K was taken for the purpose of investigating the quantum
tunnelling effect, which was expected beyond the relaxation resolution of the neutron spin-echo experiment2. of
8 Å The second neutron backscattering measurement was performed continuously on the same Ho2Ti2O7
powder sample to observe magnetic correlation between Ho ions between 2 K to 200 K with elastic fixed
window scan (P-eV resolution) which is to be compared to DNS experiments (m-eV resolution).

Form Version: 19.02.03

1

111

Results
The quantum tunnelling effect was not observed as expected in the first neutron backscattering experiments.
Quasielastic scattering was found at 50.61 K spectra with broader width near the base of the peaks while
comparing to the results of 30.85 and 4.63 K. At low-Q, the integrated intensities reveal the variation among the
three experimental temperatures as shown in Fig. 1. The data plotted in Fig. 1 had been calibrated with V
scattering results and normalized to the efficiency of each detector by following standard procedures. It is
interesting that the data taken at 30.85 K is almost identical to that of 50.61 K even though the quasielastic
scattering is observed at 50.61 K but not at 30.85 K. The 4.63 K intensities at Q < 1 are obviously higher than
the intensities of the other two temperatures. However, at higher Q the intensities for these three temperatures
are coincided with each other again. This higher intensity at low-Q at 4.63 K is considered probably from the
diffuse scattering of magnetic correlation between Ho ions.
BSS on Ho2Ti2O7
4.63K (sn975)
30.85K (sn976)
50.61K (sn977)

0.018
0.016

Fig. 1 The integrations of intensities for
each detector at different temperatures.
The data for 30.85 K and 50.61 K is
almost identical. The increasing of
intensity at 4.63 K for low-Q detector is
suspected
from
the
magnetic
correlation between Ho ions.
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The results of the second backscattering measurements are shown as Fig. 2. It shows the relationships between
the intensities of each detector and the temperatures. The position of 5th detector coincides the position of 111
peak and leads to an unusual behavior. The curves at low Q reveal the possible existence of two magnetic
relaxation mechanisms in the system. One of them occurs at 30 K and the other below 5 K.
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Fig. 2 the relationships between the integrated
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Experimental report text body
The fundamental quantities that determine the spatial arrangement of the atoms of a molecule and the dynamics
are the intermolecular interaction potentials. Knowledge of these potentials would allow calculating the crystal
structure as well as the lattice dynamics of any molecular system. Standard ways to model the dynamics of
molecular crystals use either ab-initio/molecular mechanics calculations e.g. [1,2] or simplified, semi-empirical
interaction potentials. These potentials are known as pair potentials (PP). The most important property of PP’s
is their transferability, which reduces the number of adjustable parameters and simplifies the theoretical
description of atomic interactions within complex molecular systems significantly. Calculations of the
properties of molecular crystals using transferable pair potentials (TPP) are mainly limited due to missing
knowledge of the precise low temperature crystal structure. It was shown for pure hydrocarbons such as 2butyne [3] that TPP provide rather consistent vibrational densities of states and methyl rotational excitations
including the quantum mechanical tunnelling of methyl groups.
After the structure of the methylfluoride [4] was solved the possibility of studying systematically the rotational
tunnelling and the low energy lattice dynamics of the methylfluoride, -chloride, -bromide and –iodide by
consistently applying the TPP approach was given. In a forthcoming paper [5] the intermolecular interaction is
modelled on the basis of semi-rigid molecules and Universal Force Fields (UFF) [6]. The UFF provide
parameters for nearly every element of the Periodic Table of Elements thus providing the possibility to model
compounds which are not pure hydrocarbons.
For the methylbromide the lattice dynamical calculation based on TPP-UFF yields a tunnelling transition of
ƫZt=0.4 PeV and a transition to the first excited librational state of E01=15.7 meV [5] applying the Single
Particle Model (SPM) [7] are ƫZt=0.1 PeV, E01=18.1 meV [8].
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These values are in good agreement with earlier experiments where transitions of ƫZt=0.9 PeV and E01=15.8
meV were obtained [8]. At the same time the calculations predict a value for the activation energy Ea. For the
methylbromide a value of Ea=57.1 meV has been obtained. For the methylchloride the calculated values are
ƫZt=2.44 PeV, E01=12.1 meV and Ea =45.7 meV [5] whereas experimental values are ƫZt=0.1 PeV, E01=18.1
meV [8]. At higher temperatures classical jumps over the potential barrier cause quasielastic line broadening
that gives access to the activation energy Ea as another characteristic property of the rotational potential. Ea
defines in combination with ƫZt and E01 the shape of the potential and its Fourier coefficients V3 and V6. For
both compounds quasi-elastic spectra were collected in the temperature range 40 K – 130 K using the
backscattering spectrometer and an incident wavelength of 6.27 Å.

Figure 1: Temperature dependent width of the quasi-elastic spectra of CH3Cl and CH3Br.
An Arrhenius fit to the obtained temperature dependent widths, see Figure 1, yields activation energies of 47.6
meV (=553 K) for CH3Cl and 43.3 meV (=502 K) for CH3Br. There is a reasonable agreement between the
experiment and the calculations regarding the CH3Cl (47.6 meVexp vs 45.7 meVcalc). However, the difference
for the CH3Br (43.3 meVexp vs 57.1 meVcalc) indicate that the calculated Fourier coefficients of the rotational
potential are too high. A refined determination including the respective experimentally determined tunnelling
and librational transitions as well as the activation energies will be used to refine the Fourier coefficients within
the SPM approach.
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Experimental report text body
Molecular complexes of the charge transfer type (EDA complexes) attract considerable interest, since many of
them exhibit interesting physical and chemical properties from the point of view their potential applications.
Recently, besides already a widely known photoconducting phase, the possible existence of phases with
superconducting and photoelectric properties has been shown.
In this experiment a number of systems is studied where the donor is a methyl containing molecule as
hexamethylbenzene (HMB), tetramethylpyrazine (TMP) or diaminodurene (DAD) characteristic of ʌ – charge
transfer complexes while the acceptor like tetracyanoquinodimethane (TCNQ), tetracyanoethylene (TCE) or
chlor anilic acid (CAA) contain a number of C=C double or C1 triple bonds. The characteristic structural units
are sheets of molecules overlapping in such a way that the C=C bond of the „acceptor“ molecules lie parallel to
the aromatic rings of the „donor“ molecules. The systems investigated and partly compared with the pure donor
material are HMB-TCNQ, DAD-TCNQ and HMB-CAA. Elastic fixed window scans and temperature
dependent spectra are recorded.
HMB-TCNQ: The fixed-window scan (fig. 1) shows a steep step at a
temperature T1/2=67K. This step increases with momentum transfer
as expected from the scattering function of a classically rotating
methyl group. The solid lines are fits and yield a barrier to rotation of
about 500K and a jump width of about 2A. The fit is not perfect.
Reasons are for example contamination of the elastic intensity by
Bragg scattering. The onset of a new dynamic at higher temperature
is visible in the further decrease of intensity at higher temperature.
Energy resolved spectra do not show a resolved tunnel splitting.
Fig. 1. Elastic fixed window scan of HMB-TCNQ. Solid lines are a fit.
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DAD-TCNQ: Fig. 2 shows that pure DAD shows tunnelling features below 10PeV. The broad low temperature
spectrum (T=4.5K, blue curve) must contain inequivalent
species. With increasing temperature to T=23K the tunnel bands
shift and broaden as usual and the spectrum (red curve)
becomes closer to quasielastic. With complexation all inelastic
effects disappear (magenta) and the spectrum represents almost
perfectly the instrumental resolution as measured by vanadium
(black curve). An increased rotational barrier has shifted all
tuneling features into the elastic line. Corresponding
quasielastic intensity is found on a cold TOF-instrument.
Fig. 2: Spectra of DAD at T=4.5K (blue) and T=23K (red) and of the
complex DAD-TCNQ (magenta, T=4.6K). Black: Vanadium.

TMP-CAA: The most detailed results are obtained from this material. In the elastic fixed-window spectrum the
intensity jump is at very low temperature (fig. 3) due to low rotational barriers. It is less steep than in case of
HMB-TCNQ which is related to the presence of inequivalent methyl groups. The spectrum is therefore not

Fig. 3: Elastic fixed window scan of TMP-CAA.

Fig. 4: Tunnel spectra of TMP-CAA. Offset monochromator.
Temperatures 4.5,17,19,22,26K (red,blue,green,lila,light blue)

fitted. The corresponding three tunneling transitions fall all into the regime of the spectrometer: 3.2, 20.8 and
28.6PeV (fig. 4, red spectrum). The evolution of the tunnelling spectrum with temperature is also shown in fig.
4. Interestingly the two high energy bands ‘melt’ into a single line at about 23K. The correlation of this
evolution with the crystal structure is in work. Combination with the vibrational phonon density of states allows
to extract rotational potentials of the individual methyl groups. Combination with an – actually uncertain – low
temperature structure may lead in the future to an ab-initio modelling on the basis of pair interaction potentials.
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Experimental report text body
Skin is a highly complex organ whose principal role is to protect the body from various chemical, physical and
pathogen challenges. The main resistance to the penetration of various substances through intact skin resides
within the superficial 15-50 µm layer of epidermis, the Stratum Corneum (SC). SC is a unique biological
membrane with a heterogeneous structure that consists of keratin-filled flat cells, the corneocytes, surrounded
by an extended lipid bilayer phase. Native SC can be hydrated to different degrees depending on both
endogenous and exogenous factors, while the respective water content modulates its barrier function. The water
sorbed by SC can be distinguished in three forms, i.e. bound, weakly bound and bulk water, the dynamic
properties of which are quite different. The multiplicity of diffusion mechanisms is further increased by the
anisotropy of SC structure imposing different transport routes parallel and perpendicular to the membrane
plane. As a result, diffusion studies in SC are very complicated and there is a need to combine several
techniques to unravel the pertinent behaviour.
As a first approach, complementary QENS (at NEAT, HMI Berlin) and PFG-NMR (University of Leipzig)
measurements were previously employed in order to investigate the microscopic dynamics of water in fully
hydrated porcine SC (equilibrated at 100 % relative humidity, RH). PFG-NMR results showed that the
translational diffusion coefficient of weakly bound water is different for diffusion parallel and perpendicular to
SC plane. Using the respective data as input, QENS data for two sample orientations and two different energy
resolutions (93 and 66 µeV) were fitted by a model, which accounts for all three aforementioned types of water
exhibiting both, rotational and translational diffusion, as well as SC matrix (described phenomenologically by a
rotational motion). As both QENS and PFG-NMR data pertained to all three aforementioned water forms, their
relative concentrations were determined by independent H2O sorption experiments.
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Even though the above model lead to a realistic picture of the hydrated SC system, it was not possible to
experimentally determine the dynamics of the individual water phases. In this respect, porcine SC samples
hydrated at different, lower RH-levels were further studied (again through QENS at NEAT and PFG_NMR) in
order to separate effects from firmly bound and other types of hydration water. The pertinent measurements
referred to SC samples hydrated at (a) RH=23% (ca. 6% H2O content) aiming to address the effect of bound water
only, and (b) RH=58% (ca. 12% H2O content) where both bound and weakly bound water are present.
Aiming to obtain an, as much as possible, complete set of data that will ultimately allow the formulation of a
sufficiently accurate and comprehensive model of water diffusion in SC tissue, the above QENS experiment was
complemented, apart from PFG-NMR, with Back-Scattering measurements (FRJ-2_BSS-04-004). In the latter,
the translational diffusion of weakly bound and bound water molecules using a set of porcine SC samples
hydrated at 58% RH was investigated. To ensure full compatibility with the QENS data, the samples were
prepared in exactly the same way (even the same Al-sample holder was used), whereas a similar protocol was
followed. Again two different sample orientations were studied so that for the scattering angle of 90° the Qvector was either perpendicular or parallel to the membrane plane. In order to isolate the "hydration water"
contribution from the rest of the scattered intensity, SC samples of identical geometry and equal weight were
hydrated in H2O and D2O vapors, respectively. Each sample run was repeated at low temperature in order to
investigate the effect of the varying effective volume, since at 4.2 K quasielastic broadening is absent. In
addition, fixed window scans (covering temperatures from ambient down to 4.2 K) were performed, and the
system did not exhibit any obvious mobility transitions (see attached Figure). On the other hand, the
quasielastic scans did not reveal any anisotropic behaviour with respect to orientation (perpendicular and
parallel to the membrane) in the energy window under consideration. It is thus implied that the Back-Scattering
measurements actually pertain to the dynamics of the bound water phase only, as due to the structural
heterogeneity of SC the weakly bound water is expected to exhibit different dynamics along and across the
membrane plane, as mentioned above. The full data set (NEAT, PFG-NMR, BS) is now available and their
analysis in order to produce a consistent, comprehensive model is currently underway.
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Experimental report text body
Room temperature ionic liquids are a novel class of
material that is attracting great attention as a green
alternative to the environmentally noxious volatile
organic solvents. They can be used as reaction
media for a number of (bio) catalytical process. Due
to their ionic nature they have negligible vapor
pressure, interesting dielectric properties and a wide
temperature window where the liquid state is stable.
Moreover they do not burn, they are not noxious and
are relatively chemically stable.

Methyl Rotation

Diffusive Dynamics

A typical representative of RTIL is 1-methyl-3-butyl
imidazolium hexa fluorophosphate, [bmim][PF6]. Its
Librational
chemical architecture is shown in Figure 1.
Dynamics
Butyl relaxation
We recently undertook a detailed study of relaxation
processes occurring in such a material.
In particular, we exploited the possibility of
Figure 1.
collecting inelastic fixed energy scans that is
available at the BSS spectrometer at FZJ. In a previous report, we described results obtained on naturally
occurring [bmim][PF6]. In this experiment, instead we investigated selectively deuterated [bmim][PF6], where
deuterium is replaced to hydrogen atoms either at the methyl group or at the butyl one.
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Inelastic Fixed Energy Scan

In Figure 2, the Q dependence of the IFW scan for the methyl deuterated sample, d3-[bmim][PF6], is reported,
while Figure 3 contains the data corresponding to the butyl-deuterated sample, d9-[bmim][PF6]. Though the
two data sets contain a superposition of coherent and incoherent scattering, the incoherent contribution is the
prevalent one (especially in the case of the d3
sample). It can be appreciated that the pattern
arising from the d3-sample reflects the dynamic
M ethyl-deuterated
process associated to the motion of the butyl
60
Butyl-deuterated
chain (shoulder at 240 K), that is not apparent in
the pattern from the d9-sample. This effect is
Dynamic feature
clearer in the comparison between the two data
associated to
50
the butyl chain relaxation
sets at a fixed Q value (Figure 4).
The fact that the low temperature portion of the
two data sets might be related to the fact that in
40
both samples (either directly connected to the
imidazolium ring, or as a terminal methyl group
of the butyl chain) a hopping process from the
30
methyl group is observed.
0
100
200
300
400
T (K)

These data are now in the progress of evaluation
together with data arising from complementary
measurements.

Figure 4
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Experimental report text body
This project aims at studying the dynamics of different amino acid types in specifically labelled
bacteriorhodopsin of purple membranes (PM) by elastic energy resolved incoherent neutron scattering. The
dynamics of different amino acid types is to be compared among each other and with the global dynamical
behaviour of purple membranes.
Here three samples were studied:
x
A completely hydrogenated purple membrane, which has previously been compared to a completely
deuterated membrane and shown to display the same dynamics.
x
A deuterated membrane with hydrogenated lysine residues
x
A deuterated membrane with hydrogenated leucine residues.
All three samples were washed with heavy water three times, placed in aluminum sample holders and
equilibrated in the same dessicator to 86% humidity.
Fixed window scans were performed on BSS on all three samples from 5K to 320K.
The model we have first tried to use to interpret this data has been the jump-diffusion model of a liquid, where
the atoms are considered to oscillate for a certain time at a mean position before jumping to another position
[1]. Our first attempts at fitting the data with this model are shown in figures 1 and 2. For the lysine sample, the
energy barrier for the jump is significantly higher than for the average residues.
We now need to use data from molecular dynamics simulations to get estimates of jump distances and times, to
then restrict the parameters in the model to more “physically correct” ones.
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Figure 1: Fixed energy scans at 0.5PeV, the intensities measured (scaled to
5K) are given as dots, while the full lines represent the model.

Figure 2: Fixed energy scans at 0.5PeV, the intensities measured (scaled to
5K) are given as dots, while the full lines represent the model.

[1] Singwi K.S. and Sjolander A., Phys. Rev. 119, 836 (1960)
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In several materials, such as ﬁlled skutterudites and clathrates, the insertion of loosely bound atoms
that can ”rattle” in oversized atomic cages, signiﬁcantly reduces the thermal conductivity without
aﬀecting the electrical conductivity. Hence, this insertion yields a material that behaves as a phonon
glass and an electron crystal. It has been proposed that in the Sr8 Ga16 Ge30 clathrate, see Fig. 1,
the rattling strontium atoms undergo jump diﬀusion onto several subsites, and this jump diﬀusion
is believed to further decrease the thermal conductivity. In contrast, in the Ba8 Ga16 Ge30 clathrate
the Ba guests supposedly stay in the cage center, and hence no jump diﬀusion should be observed.
We have repeated the study of the strontium jump diﬀusion in Sr8 Ga16 Ge30 (BSS-03-010) to gain
conﬁdence in the previous measurement and we have performed a contrast measurement on the
Ba8 Ga16 Ge30 clathrate (BSS-04-011).

Figure 1. The clathrate structure, left. Gallium and germanium comprise the cages in which strontium or
barium is located. The four subsites onto which the strontium jumps, in the larger cage, right.
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We have performed a ﬁxed elastic window scan from 2.5 to 300 K for both materials. The new
scan, in March 2004, of Sr8 Ga16 Ge30 , see Fig. 2 in blue, indicates that the previous result from
August 2003, in red, is perfectly reproducible, and yields better conﬁdence in the previous two
results. First, the presence at about 220 K of an unexpected break in the thermal dependence of the
elastic scattering intensity, indicates the onset of a thermally activated process with an activation
energy of ca. 1600 K, a process probably related to vacancy diﬀusion on the Ga/Ge framework.
Second, a decrease of about 2 % in the elastic scattering intensity is observed with a break that a
simultaneous ﬁt of both experiments places at ca. 20 K. We attribute this decrease to the strontium
jump diﬀusion, see Experimental Reports 2003, BSS-003-004 and BSS-003-010.

Figure 2. The elastic intensities scattered by Sr8 Ga16 Ge30 , in red and blue, and Ba8 Ga16 Ge30 , in black,
integrated over all detectors, normalized to the extrapolated 0 K intensity for Sr8 Ga16 Ge30 are shown left.
The intensities for Ba8 Ga16 Ge30 have been scaled with a single factor to match the Sr8 Ga16 Ge30 intensities
above 70 K. The diﬀerence between a linear behavior and the intensities observed for Ba8 Ga16 Ge30 is
shown in the inset. The scattering by Sr8 Ga16 Ge30 below 100 K is expanded in the right part.

The scan of Ba8 Ga16 Ge30 , see Fig. 2 in black, exhibits a behavior identical to that of Sr8 Ga16 Ge30
above 70 K. This indicates that the cage dynamics and the Debye-Waller factors in both compounds
are similar. Surprisingly, below 70 K the observed intensities signiﬁcantly depart from the linear
trend which we expected for this contrast measurement. This behavior seems to indicate that a
quasielastic tunneling line is gradually broadening out and increases the elastic scattered intensity,
which reaches a maximum at about 35 K. Independently of the interpretation, this result indicates
that the Ba-dynamics in Ba8 Ga16 Ge30 is more complex than expected and that the Ba guests might
be tunneling about oﬀ-center positions.
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Experimental report text body
A combined diffraction and spectroscopic neutron scattering study of mesitylene at the NERA spectrometer of
the pulsed neutron source IBR-2 in Dubna showed complex phase behaviour of mesitylene [1]. The disordered
solid phase II of mesitylene can be obtained when a undercooled liquid is freezing at slow cooling rate. This
phase is not stable at low temperatures but at about 90K passes a structural phase transitions to the low
temperature phase III. This transition is reversible as long as phase II is not heated over 180K. At about 190K
phase II starts to transform into the high temperature ordered phase I. The relaxation time for growing
nucleations of phase I increase with temperature and at about 220K is in order of some minutes. This
transformation is not reversible and the structure of phase I is stable from its melting point at 227K down to the
temperature of liquid helium (LHe). In presence of the phase I nucleation’s, phase II can be also cooled to the
LHe temperatures without transition to low temperature phase III.
Recent experiments at the backscattering spectrometer in Juelich [2,3,4] have shown tunneling of methyl
groups in all 3 phases. Phase III shows 3, phase II 4 weak transitions, phase I a single strong band. From a
comparison of elastic and tunneling intensities this experiment can in principle contribute an estimate of the
number of inequivalent sites and their multiplicities to the structure solution problem. The intensities of the
tunneling scattering function are calculated for powder averages. To overcome the problem, that the intensities
from samples cooled down from the liquid were not reproducible we prepared a powder sample. The solid
material was crunched in a cold mortar at a temperature T=210K just safely below the melting point, filled into
a cold sample holder and stored in a liquid nitrogen dewar until the start of the experiment.
The dark blue line of fig. 1 shows the spectrum measured after cooling down to 4.5K. Very unexpectedly the
tunneling transition energies and intensities identify the sample as a phase II sample. A direct cooling from the
liquid has always led into phase III, however. The spectrum is compared to the earlier result [4] from the same
1
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Fig 1: History dependent tunneling spectra of mesitylene. Sample temperatures T=4.5K.
dark blue: powder crunched at T=210K. Cooling at a gradient >1.5K/min.
pink: crunched sample remelted, annealed at T=240K for ~4h.
light blue: liquid cooled at a gradient >1.5K,min, annealed at T=190K for ~1h

phase II obtained after a complex quench-anneal cycle which leads through phases III and I finally into the
wanted phase II (fig. 1, light blue line). The spectra were measured in different setups of the instrument.
Normalisation of the area of the elastic line yield almost equal inelastic intensities. This means that both ways
likely pure phase II samples are obtained. Furthermore it seems that preferred orientation did not affect the
intensities significantly in the previous experiment [4]. They thus can be used to estimate site multiplicities.
The sample was remelted at a temperature T=240K (melting temperature Tm=227K) for about 6h and cooled
down from the liquid. The spectrum of this sample (fig. 1, magenta line) is characteristic of phase I. Cooling of
a virgin material has always led into phase III.
To conclude the formation of one of the three known crystal structures of mesitylene at liquid helium
temperature is strongly dependent not only of thermal history but also of mechanical treatment. The presence of
nuclei of one of the phases, surface defects, internal strain etc seem to be sufficient to balance or even invert
energetic differences between the ideal structures.
[1] I. Natkaniec, K. Holderna-Natkaniec, in: Proceedings of 6th Meeting of Poster F7
at the Collaboration on Advanced Cold Moderators, Juelich, 11 – 13 September ESS
conference, Bonn, 15 mai 2002, Report FZ Juelich 2003.
[2] Neutron Scattering at FRJ2, Experimental report BSS-02-008 (2003), p 99
[3] Neutron Scattering at FRJ2, Experimental report BSS-03-005 (2003), p 111
[4] Neutron Scattering at FRJ2, Experimental report BSS-02-008 (2004), this volume
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Experimental report text body
Acetone and water were mixed stoichiometrically at a ratio 1:17 in the presence of some KOH. If this mixture
is cooled down at a rate of ~2K/min a disordered solid is formed. After annealing at T~240K for some h the
sample is converted into an ordered clathrate [1]. The structural change is observed By neutron diffractometry
[2]. In the phonon spectrum the formation of water cages is accompanied by the transformation of the single
peak in the water spectrum into a clear doublet line at 7 and 10meV [3]. After the formation of an ordered
structure the guest molecules are found in very similar environments. Well defined rotational potentials were
expected to be observable by rotational tunneling.
The acetone molecule contains two methyl groups not far from each other. Therefore the rotational potential
consists of a strong intramolecular and an intermolecular part. The tunnel splitting in the gas phase shows the
purely intramolecular potential and is related with a tunnel splitting of 0.4PeV [4]. In the following we compare

Fig. 1:
Quenched
(black) vs
annealed (red)
spectra of
acetone
clathrate.
T=4.5K (left).
T=46K (right).
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the spectra of the quenched with those of the annealed sample at two temperatures (fig. 1). While the elastic
peak of the quenched material represents a resolution function, the one of the annealed material shows inelastic
wings. The weakness of the tunneling signal is due to the protonated matrix. The 34 water protons of the host
lattice in the cubic II clathrate structure contribute to the elastic line only and thus almost hide the just resolved
inelastic scattering from the 6 methyl protons. The inelastic wings are very close to the tunnel splitting of
0.4PeV of the isolated molecule. This means that the intramolecular interaction by direct coupling of the two
methyl groups in acetone dominate while intermolecular interactions contribute little to the total rotational
potential. This is in agreement with results from other clathrates with no intramolecular barrier [5,6,7] where
the guest molecules or their attached methyl groups were found to be almost free rotors.
An elastic fixed window scan was performed
to give an integral information on the change
of the methyl dynamics with temperature (fig.
2). The intensities of the different detectors
are normalized at the lowest temperature.
Various informations can be extracted. 1) The
weak increase at the lowest temperatures
indicates an almost resolved tunnel splitting.
With increasing temperature the tunneling
bands shift towards the elastic line and
broaden and thus contribute to the elastic
intensity. 2) The step of intensity around 50K
shows that the width of a quasielastic
Lorentzian related to a classical dynamical
process, here the methyl rotation, is of the
order of the instrumental resolution and
leaves the elastic window. 3) The overall
decrease with increasing temperature is due to
a Debye-Waller factor. Its effect is more
important at larger momentum transfer. The
change of slope with temperature shows that
this DWF may increase with temperature or
Fig. 2: Change of the elastic intensity of acetone clathrate
that another dynamical process comes into
with temperature. Intensities normalized at T=4.5K
the energy window of the spectrometer.
4) The almost complete loss of
intensity around 250K is due to melting of the compound. A more quantitative analysis is under way.
To improve the signal-to-noise ratio by a factor ~40 an experiment with a deuterated host is planned.

[1] O. Yamamuro, M. Oguni, T. Matsuo, H. Suga, Solid state commun. 62,289(1987)
[2] O. Yamamuro, T. Matsuo, H. Suga, W.I.F. David, R.M. Ibberson, A.J. Leadbetter,
Physica B213&214,405(1995)
[3] This volume, Experimental report S29-04-001
[4] J.D. Swalen, C.C. Costain, J. Chem. Phys. 31,1562(1959)
[5] J. S. Tse, M.L. Klein, I.R. McDonald, J. Phys. Chem. 87,4198(1983)
[6] M. Prager, J. Pieper, A. Buchsteiner, A. Desmedt, J. Pys.: Condens. Matter 16,7045(2004)
[7] M. Prager, J. Baumert, W. Press, M. Plazanet, J.S. Tse, D.D. Klug, PCCP 2005 in print
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D-52425 Jülich
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Acceptor-doped perovskites are known to incorporate water by dissociative absorption via
••
H2 O + VO
+ OxO 
 2 OH•O .

(1)

••
Owing to the mobility of oxygen ion vacancies (VO
) and protonic defects (OH•O ), these materials are
ionic conductors. If the material is fully hydrated, the transference number of the protonic defects
is close to unity.
For use in electrochemical devices, such as solid oxide fuel cells (where reducing the operating temperature is a key objective), high proton conductivity has to be accomponied by reasonable thermodynamic phase stability. In this respect, acceptor-doped BaZrO3 has recently shown promising
properties [1].
Despite its signiﬁcantly higher ionic radius when compared to Zr4+ , Y3+ turns out to be the optimal
acceptor dopant for BaZrO3 . The highest proton conductivities have been observed for high dopant
concentrations (15 to 20 mole%). For temperatures below 700 ◦ C, the observed proton conductivities
clearly exceed the oxide ion conductivities of the best oxide ion conductors.
We performed incoherent quasielastic neutron scattering measurements on Y and Sc doped and
hydrated BaZrO3 samples in order to study proton diﬀusion in these materials. Our experiments on
BSS used the Si0.9 Ge0.1 (111) monochromator (elastic energy resolution of about 2 µeV (FWHM).
Spectra were taken at two temperatures for BaZr0.9 Y0.1 H0.1 O3 (10Y:BZ) and four temperatures for
BaZr0.9 Sc0.1 H0.1 O3 (10Sc:BZ). The samples had been loaded with water and sealed in Pt containers.
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The backscattering data were background corrected and normalized to the results of a vanadium
run. Since the intensity of all spectra turned out to be comparatively low, the total of ten spectra
were grouped into three spectra, thereby dropping the data of the detector which collected Bragg
intensity at about 1.5 Å−1 .

The ﬁgures show example spectra of 10Sc:BZ (left) and 10Y:BZ (right), both taken at an average Q of
0.66 Å−1 . All spectra show a considerable quasielastic broadening with widths of several µeV HWHM.
The data are easily ﬁtted to a sum of a Lorentzian and a δ function (see ﬁgures), broadened by the
resolution function which was determined separately in a vanadium run. For 10Y:BZ, the linewidths
increase with increasing temperature (from 5.0 µeV to 7.8 µeV HWHM), but the corresponding
activation energy of about 0.07 eV is much lower than the value reported for proton conduction, 0.43
eV [2]. There is, however, good agreement with the result of an earlier measurement on IN16, where
an activation energy of 0.084 eV was found [3].
The linewidths measured on 10Sc:BZ at temperatures between 710 K and 890 K lie around 5.5 µeV
and do not show a clear trend with temperature. 10Sc:BZ spectra were taken at ambient temperature
before and after the measurements at elevated temperatures. It turns out that the total intensity had
dropped during heat treatment, i.e., it was lowered by a factor of about two. We thus have to suspect
that a considerable amount of protons/water was lost during the runs at elevated temperatures
(several days), in spite of the fact that the sample containers had been carefully sealed and tested
before the measurement.
We have detected quasielastic scattering contributions from 10Y:BZ and 10Sc:BZ at temperatures
where we expected them based on predictions from proton conductivity data. Nevertheless, a simple
picture of the proton diﬀusion process cannot be given on the basis of the current quasielastic data.
[1] W. Münch, K.-D. Kreuer, G. Seifert, J. Maier, Solid State Ionics 136-137 (2000) 183.
[2] K. D. Kreuer, St. Adams, W. Münch, A. Fuchs, U. Klock, J. Maier, Solid State Ionics 145 (2001)
295.
[3] D. Wilmer, K.-D. Kreuer, B. Frick, Diﬀusion in proton conducting perovskites, ILL Experimental
Report 7-07-204, http://www.ill.fr, February 2004.
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Double Crystal Diffractometer (DKD)

Instrument Parameters
Beam tube:

NLIIA straight guide
cross section of guide
4.5 cm (height) u 3 cm (width)

Monochromator:

Si-crystal with coherent SiO2 precipitates or graphite

Incoming beam
- Cross section:
- Sample size:

| 10 cm2
3 u 3 cm (max.)

Neutron flux at sample:

> 104 n/s (with graphite monochromator)

Momentum transfer range:

2 u 105 Å1 dQ d103 Å1

Ancillary equipment:

heater device and pressure cell as for KWS1

Instrument Responsible
Dr. Dietmar Schwahn

Tel. +49-(0)2461-61-6661
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Email: d.schwahn@fz-juelich.de
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Introduction: The microstructure of molten rocks is of much interest in the field of earth sciences. Especially the
microstructure of a magma is of importance as it is directly related to the style of a volcanic eruption. During an
eruption, when a magma ascents from the depth, the volatile concentration reaches saturation and gas is
exsolved to form bubbles. In this respect, the size shape and size distribution of bubbles is of interest as it gives
insight into the degassing process and is therefore a prerequisite for the understanding and modelling of
volcanic eruptions. Self-similar behaviour of geological structures has been shown to occur on length scales
ranging from a few micrometer to the size of continents [1]. The concept of fractals can also be applied to the
microstructure of rocks, and earlier studies (SANS and SAXS) have shown that the microstructure of
sedimentary rocks is fractal on a micrometer length scale [2,3]. Evidence for the fractal behaviour of volcanic
rocks was presented by [4]. While there is clear evidence for the presence of self-similar microstructures in
rocks, the available data base is still too scarce to evaluate the generality of such a description. Furthermore,
only one attempt has been made to quantify the influence of the thermal history experienced by rocks [5]. In
this experimental study USANS meassurements were carried out to complement SANS measurements of the
microstructure of molten rocks over extended Q-regions.
Experimental details: The USANS experiments were performed at the DKD instrument in the Q-range from -4
10-4 < Q < 410-4. Data were corrected for background, normalized to primary intensity and sample thickness.
Samples: two different basalts were studied. The composition of the basalts are: A. Basalt (submarine): SiO2
42.7%, Al2O3 13.4%, FeO 14.6%, CaO 11.1%, MgO 9.8%, Na2O 3.7%, TiO2 2.9%. B. Basalt (Easter Islands,
9215): SiO2 49.3%, Al2O3 15.1%, FeO 13.6%, CaO 10.2%, MgO 5.6%, Na2O 3.0%, TiO2 3.2%.
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Disc-like specimen with a diameter of about 30 mm and a thickness of about 2 mm were prepared.The basalts
were heat-treated to study the influence of the treatment on the microstructure. Details of the heat-treatment:
A. Basalt: no.1 3 min, no.2 10 min , no.3 30 min, no.4 60 min all at T=1100 °C, no.5 untreated.
B. Basalt: no.10 untreated, no.11 10 min, no.22 30 min, no.33 60 min, no.44 3 min, no.55 30 min , no.66 3 min
all at T=1100 °C.
Results: USANS data for both basalts are shown in Fig. 1,2. Due to strong multiple scattering the primary
intensity “disappeared” with the result of broad intensity distribution. Under these conditions a quantitative
analysis of the diffracted neutrons was not possible. In order to avoid strong refraction the sample thickness
should be much thinner.
The only useful parameter from the data is the half width of half maximum depicted in Fig.1 and 2. From these
data it can seen that due to heat-treatment the rock microstructure significantly changes which we believe is due
to the collapse of pores as the half width at half maximum is correlated with the duration of the heat-treatment.
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Fig. 1: Left: USANS intensities from differently heat-treated basalts (submarine). Right: Half width at half
maximun (FWHM) against the duration of the heat-treatment.
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Fig.2 Left: USANS intensities from differently heat-treated basalts (EI 9215). Right: FWHM against the
duration of the heat-treatment. The blue data points represent basalts samples which have been produced
by heating a basalt powder. The red data points represent basalt samples which have been produced by heating
part of the original and untreated rock.
1. Mandelbrot, B B (1982). The fractal geometry of nature. San Francisco, Freeman.
2. Wong, P et al. (1986). Phys. Rev. Lett., 57(5): 637-640.
3. Radlinski, A P et al. (1996). Phys. Rev. B, 53(21): 14152-14160.
4. Lucido, G et al. (1988). Phys. Rev. B, 38(13): 9031-9034.
5. Kahle, A et al. (2004). Eur. J. Mineral., 16:407-417.
6. Schmidt, P W (1991). J. Appl. Cryst., 24: 414-435.
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Experimental report text body
(Please use 12 pt letters here ! )
The the self-assembling characteristics of diblock copolymers consisting of syndiotactic-polypropylene
segment tied to an amorphous poly(ethylene-co-propylene) block, sPP-P(E-co-P), and the crystallization of sPP
homopolymer have been studied in dilute decane solution by SANS and ultra-SANS [1]. The Q range covered
was 2x10-4 y 1.3x10-1 Å-1. The polymers behavior has been scanned on a continuous decreasing of temperature
from 160°C (single coil regime) up to –20°C (aggregation regime). In the present study we investigated the
structures and morphologies up to the size of several micrometers by performing at the double-crystal
diffractometer DKD ultra-SANS measurements in the Q range between 3x10-5-2x10-4 Å-1.
The scattering patterns obtained from the sPP-PEP diblock in the aggregation regime show the multilevel
structure of the copolymer aggregates (Fig.1) and agree with the morphology revealed by the micrographs
(inset of Fig.1). At small scale an overall 2-d structure seems to be formed by the crystallizing sPP and
amorphous PEP blocks (Q-2 power law at larger Q). The morphology at the local scale could not be exactly
resolved by using the present fully protonated copolymers. This structure evolves at intermediate scale into a
rod-like structure (Q-1 power law at intermediate Q). The rods associate in bundles and the correlation effects
between them results in the "shoulder"-like structure at around 3x10-3 Å-1. At much larger scale (micrometer
order) the rod bundles form a network-like structure with mass fractal aspects (Q-3 power law at smaller Q). At
the micrometer scale the structure was studied at DKD. The data measured in the slit geometry with a
wavelength of 4.5Å were desmeared and transformed into the pin-hole geometry [2]. The sharp intensity drop
at around 7x10-5 Å-1 may reveal an additional contribution from the correlations between lateral branches of
the aggregates over a characteristic length of about 10 Pm.
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Fig.2 presents the scattering patterns from a sPP solution at room temperature ()pol=0.5%) measured over four
order of magnitues in Q, adding the new obtained data at DKD to the old ones measured at KWS2 and KWS3.
The syndiotactic polypropylene forms in solution very elongated platelet-like crystals with a thickness of about
60-65Å which does not depend of the polymer molecular weight. The platelets form factor is revealed by the
Q-2 power law behavior of the scattering intensity over a wide Q range and the intensity drop at larger Q. At
small Q the intensity rises-up and the scattering pattern reveals big spherical aggregates. From the data
measured at DKD, at Q values lower than 2x10-4 Å-1, the size of these aggregates has been evaluated according
to Beaucage form-factor [3] and, supposing all polymers aggregate, the polymer density inside the aggregates
evaluated from the forward scattering was about 15%. The size and shape are in aggreement with the
microscope observations. We can conclude that the platelets observed at lower scale associate and form
spherulitic like aggregates of several micrometers in size.
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Fig.1 – Scattereing pattern from 0.5% sPPP(E-co-P) diblock copolymer in decane
measured at room temperature over the
whole Q by using all small-angle
scattering instruments in Jülich. The power
law regimes are indicated. The inset shows
a micrograph of the same solution (scale
bar 2 Pm).

Fig.2 – Scattering pattern from 0.5% sPP polymer
in decane measured at room temperature. The
structural parameters obtained from the model
interpretation are indicated.
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Experimental report text body
(Please use 12 pt letters here ! )
The self-assembly of poly(co-olefins) in dilute solution has been shown via SANS to yield either plate-like or
needle-like micelles. The resultant supra-molecular structures are dependent upon the copolymer architecture.
The crystalline-amorphous diblock copolymers yield self-assembled hairy platelets while the corresponding
random copolymers yield one-dimensional needle shaped aggregates. Both kinds of polymers are able to
modify the wax crystal structure in dilute solutions. The PEB-n random copolymers (n-the number of ethyl
sides per 100 backbone carbons) show selectivity in their wax crystal modification capacities depending on the
ethylene content [1]. Two polymer-paraffin interaction mechanisms were identified [2]: either a cocrystallization of the paraffin and the copolymer into two-dimensional hairy platelets takes place or a polymer
template structure is formed first, which then acts as the nucleation centre for the paraffin molecules. The last
case is similar to the well-known crystallization process induced by flow orientation. Polyethylene or cellulose
undergoes such processes under flow condition. The process starts through stretching the long chain to form a
fibrous morphology. In a second step an epithaxial layer is formed around the inner fibre. This gives rise to a
"shish-kebab" morphology [3]. The outside regions are folded-chain discs composed from chains that did not
crystallize during the orientation process. They are nucleated on the extended chain surface of the first formed
fibre. In our case the orientation mechanism is based upon the tendency of the polymer to aggregate into a
density modulated one-dimensional structure prior to the inclusion of the paraffin. In the second step the
paraffin and polymer further co-crystallize in large platelets forming a correlated arrangement around the initial
polymer rods. In order to investigate this morphology at a large scale we started an ultra-SANS study of the
PEB-7.5/C24 system in decane for different paraffin contents. In a first step of the study the systems have been
measured at the KWS-3 instrument for a contrast condition allowing the wax visible. These data combined with
those earlier measured by classical SANS revealed a Q-2 power law regime extended over three orders of
magnitude in Q space. No Guinier regime was reached that means the platelets revealed by the Q-2 power law
are very large in lateral size, much lower Q being required in order to access their dimension.
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The present study was performed at the DKD double crystal diffractometer. Several PEB-7.5/C24 binary
mixtures in decane have been measured for different paraffin contents at several temperatures within the
common aggregation regime i.e. below the paraffin crystallization temperature. We focus mainly on the
paraffin contrast condition for the extreme paraffin contents, i.e. 0.5% and 4% volume fractions. The data have
been obtained in slit geometry therefore, for a common interpretation with those obtained in pinhole geometry
at KWS2 and KWS3 a desmearing procedure was applied [4]. A technical problem in the case of the higher
paraffin content was that of multiple scattering which for a 2mm cell thickness led to a very low sample
transmission, about 9%. In this case, for having a reasonable transmission very thin sample cell was used
(Fig.1). Fig.2 presents the scattering patterns from solutions of PEB-7.5 random copolymer and C24 paraffin for
different paraffin contents, measured at temperatures within the common aggregation regime under the paraffin
contrast over the whole Q range available by using all small angle scattering instruments in Jülich. The platelets
lateral size was accessed within the Q range measured at DKD, below 10-4Å-1. The common aggregation
mechanism above discussed is schematically presented in Fig.3. At high temperature both species are in single
coil regime. Decreasing the temperature the copolymer starts to self-assembles firstly by forming density
modulated rods. At lower temperatures the paraffin starts to crystallize in platelets which are arranged around
the initially formed polymeric rods; the platelets contain also polymers which were still in solution and template
the correlation imposed by the modulation along the rods. This mechanism seems to be supported by the SANS
data and also by the microscope observations (Fig.4).
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Fig.2 – Scattering patterns from solutions of PEB-7.5 copolymer and C24
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at temperatures below the paraffin crystallization point. The Beaucage
form factor of the platelets horizontal dimension is shown with red.

d)

Fig.3 – The common aggregation mechanism of
PEB-7.5 copolymer and C24 paraffin from solution
References:
[1] H.Ashbaugh et al., Macromolecules, 35, 7044, 2002.
[2] A.Radulescu et al. J.Pol.Sci.B Pol.Phys. 42, 3113,
2004.
[3] P.J.Barham, in Materials Science and Technology,
VCH Weinheim 1993, vol.12, pp.153-212.
[4] D.Schwahn and M.H.Yoo, Proceedings in Physics
10, 83, 1986 (Springer-Verlag).

Fig.4 – Micrographs from solution of PEB-7.5/C24 in decane
collected at optical (left) and electronic (right) microscope. The
paraffin crystallization on the polymer initial 1D structures is
revealed on the left image while the paraffin-polymer common
platelets may be observed in the right one. Scale bar for the optical
micrograph is 5 Pm while for the electronic one is 1 Pm.
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Time-of-flight Spectrometer for Diffuse Neutron Scattering (DNS)

Instrument Parameters
NL-1, straight neutron guide, 10 cm (height) u 7 cm (width)
double focusing graphite, 6 crystals, each 5 u 4 u 0.2 cm3
3.3 Å < O < 5.5 Å
7.4 meV > Einitial > 2.7 meV
0.9 meV > 'E > 0.15 meV (FWHM, elastic)
< 3.5 Å1 (elastic)
< 0.5 Å1 (elastic)
focusing supermirror FeCoV/Ti:N
30 % to 50 % for correct spin

Beam tube:
Monochromator:
Wavelength:
Energy:
Energy resolution:
Momentum transfer:
Vertical:
Polarizer:
Transmission:
Sample position
- Neutron flux:
- Beam size:
- Special sample
- Environments:
Detectors:
Angular range:
Vertical:
Distance to sample:
Options for analysis
- Time-of-flight:
- Bragg:
- Polarization:

(107... 3 u 106) n/cm2s
max. 6 cm (height) u 2 cm (width)
split-coil magnet 5 tesla with dedicated cryostat, T > 2 K
furnace T < 1600 °C, sample rotation inside
52(+12) 3He-detectors (4 bar), solid angle: 0.3 srad
0° < 24 < 135°
24 < 15°
80 cm
disk chopper, duty cycle 0.05
104 graphite analyzers for Efinal = 7.4 meV
12 detector unit with polarisation analysis; focusing,
supermirrors FeCoV/Ti:N

Instrument Responsible
Dr. Werner Schweika
Dr. Yixi Su

Tel. +49-(0)-2461-61-6650
Tel. +49-(0)-2461-61-4786

139

Email: w.schweika@fz-juelich.de
Email: y.su@fz-juelich.de
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Experimental report text body
( Please use 12 pt letters here ! )
The use of spin-polarized neutrons for the investigation of magnetic phenomena has been advanced
considerably in the last decade by the experimental realization of the CryoPad at the ILL. This tool allows the
investigation of the all polarization components of the polarization vector of the neutron in 3 dimensional
space. However, in its experimental realization CryoPad requires the use of a zero magnetic field region around
the sample, the realization of which is experimentally very demanding.
It has been argued that the requirement of a zero field region can be suspended with by careful experimenting
with a precessing spin in a weak magnetic field. Indeed using the strength of a magnetic field to control the
number of precessions of the neutron spin around the field direction a well-defined polarization state of the
incident neutron beam can be set up at the sample position.

In order to demonstrate the viability of the technique described above and compare its findings to the results of
CryoPad a measurement has been performed on a single crystal of U14Au51 which had previously been
investigated using zero field neutron polarometry employing the Cryopad at the ILL.
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In order to be able to compare results the nuclear (201) reflection has been investigated. In the antiferromagnetically ordered state at 4K and 15K this Bragg peak contains both a nuclear as well as a magnetic
contribution. Using spin polarized neutrons and with the possibility of continuously varying the neutron
polarization the magnetic contribution to the scattering will result in a polarization dependent distribution of the
magnetic scattering signal between the neutron spin flip and neutron non-spin flip channels in the scattered
neutron beam. The nuclear component of the scattering does not change the polarization of the neutrons, and
therefore its scattered intensity does not change with a change of the neutron polarization direction.

Figure 1 shows the results of measurements at various temperatures. At 4K and 15K the U14Au51 is in its
magnetically ordered state, while the measurement at 30K measures the nuclear scattering only. For
comparison the calibration measurement on the purely antiferromagnetic reflection of MnF2 is also shown for
an experimental set-up which was identical to that used for the U14Au51 investigation.

Figure 1:
Measurement of the polarisation dependent
scattering for the nuclear and magnetic Bragg
reflection of U14Au51 at 4K and 15K in the
magnetically ordered state and at 30K in the
paramagnetic state. For comparison the
neutron
spin
polarisation
dependent
scattering of the antiferromagnetic Bragg
reflection of MnF2 is also shown. Here the
transition is measured of the initial
polarisation in z-direction to the polarisation
in y-direction.

In conclusion this experiment has demonstrated the possibility of determining the full polarization matrix using
neutron polarization and precession in weak magnetic fields. The demands for zero magnetic field regions,
which have been implemented for the CryoPad, are superfluous and can be dispensed with. This renders the
experiment much simpler. The method of using precession neutron polarization in a weak magnetic field is
entirely sufficient to obtain all accessible information on the symmetry of the magnetic structure and the
changes of the polarization state in the scattering process.

References:
[1] P.J. Brown et al.: J. Phys.: Condens. Matter 9, 4729 (1997)
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Experimental report text body
The stoichiometric compound Cu2Se has a EoD superionic phase transition at T | 410 K. The hightemperature superionic D-phase has an anti-fluorite structure with selenium atoms in fcc positions and copper
atoms distributed over the tetragonal positions. At low temperatures E-Cu2Se has an enlarged unit cell due to
the ordering of Cu ions in an distorted fcc lattice [1]. In non-stoichiometric compounds Cu2-xSe (0<x<0.25) the
temperature of superionic phase transition depends on the composition and decreases with x so that the Cu1.85Se
compound studied in this experiment has the structure of the superionic D-phase at room temperature.
In our previous experiments on an D-Cu1.8Se single crystal with neutron diffractometer E2 (HMI, Berlin)
we observed an ordered structure with periods ½G (111) along [111] and 1/3G (220) along [110] at room
temperature [2]. Earlier such an ordering was observed only in the low temperature E-phase [3, 4]. In addition
to superstructure spots a strong diffuse scattering was observed along the [111] direction with highest
intensities in (333), (422) and (511) Brillouin zones.
The aim of the present experiment was to study the modification of the crystal structure and the lattice
dynamics in Cu1.85Se and Cu1.98Se compounds with temperature and composition. In the temperature range
from 300K to 425K, Cu1.85Se has the structure of the D-phase, while Cu1.98Se transforms to E-phase at a
temperature of about 410 K. Here we report results on a Cu1.85Se single crystal sample measured with neutrons
of 3.3 Å wavelength in time-of-flight mode.
Figure 1(a) shows the intensity contours of elastic scattering in D-Cu1.85Se at RT. The superstructure
peaks with periods 1/2G (111) and 1/3G (220) are clearly seen. These periods agree with data of Kashida and
Akai [4] obtained for E-phase Cu2Se at room-temperature.
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The satellite peaks at 1/4G (220) along [110] reported for Cu1.75Se at 90K in paper [3] are not seen in
our diffraction pattern. We also measured the structure of the upper layer of reciprocal lattice. Diffraction
pattern taken at Hv=0.5 Å-1 is given in Fig. 1(b) (Hv – vertical component the of reciprocal vector along the
rotation axis). In this layer a large number of reflections, some of them unresolved, is observed along the
[111] direction. This feature was also reported by Kashida and Akai [4] for the first layer in E-phase.
During heating of the sample to 425K we found out that the (5/2, 1/2, 1/2) superstructure peak
disappears at about 370 K. This suggests that the Cu atoms are ordered in non-stoichiometric D-Cu1.85Se
and that an order-disorder transition takes place at temperatures above the EoD superionic phase transition
for this compound, but about 40 degrees below the phase transition temperature for Cu2Se. However for
close to Cu2Se compositions the preceding order-disorder transitions below the EoD transition were found
at temperatures 360 – 370 K [1]. It is possible that the temperature range of ordering in Cu2-xSe compounds
does not depend strongly on the crystal structure.

(200)

(000)
(a)

(022)
(b)

(c)

(d)

Fig.1 Intensity contours in (01-1) plane of D-Cu1.85Se at RT.
Elastic scattering: Hv=0 (a) and Hv=0.5 Å-1 (b)
Inelastic scattering at energy transfer !Z = 3 meV: Hv=0 (c) and Hv=0.5 Å-1 (d)
Figure 1(a) does not show the presence of diffuse scattering features, which has been observed previously
along the [111] direction in an experiment without energy analysis [2]. At the same time strong scattering from
phonons is seen in inelastic cuts of (Q, Z) data. This inelastic scattering most probably comes from the lowenergy phonon branches found in D-Cu1.85Se [5]. Notice that the elongation of intensity contours in BZ (022)
and (400) is mainly along <111> directions (fig. 1c) which are considered as possible pathways for mobile ions.

References:
[1] Z. Vuþiü, O. Milat, V. Horvatiü, Z. Ogorelec, Phys. Rev. B, 24 (1981) 5398.
[2] S. Danilkin, D. Hohlwein, R. Schneider, A. Skomorokhov, N. Bickulova Phase transformations in Cu2-GSe,
BENSC Experimental Reports 2002, p. 96.
[3] S. Kashida and J. Akai, J. Phys. C: Sol. St. Phys, 21 (1988) 5329.
[4] Y. Okada, T. Ohtani, Y. Yokota, Y. Tachibana, K. Morishige, J. Electron Microscopy, 49(1) (2000) 25.
[5] S.A. Danilkin, A.N. Skomorokhov, A. Hoser, H. Fuess, V. Rajevac, N.N. Bickulova, J. Alloys and
Compounds, 361 (2003) 57.
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Experimental report text body
The experiment aimed to answer the question of the inner structure of the core of PEP-PEO micelles in water.
We found unexplained differences in a contrast variation series of PEP-PEO in H2O/D2O, which could be due
to preferential adsorption effects (compare experiment KW1-04-063) or to the incorporation of water or PEO in
the PEP-core. These configurations would lead to a characteristic scattering pattern at high Q, which can be
studied with the DNS instrument. Therefore a core-contrast sample has been measured for 1 day at several
scattering angles. The scattering data showed, that no water or PEO bubble has formed in the core. It turned out
by an other experiment, that indeed the preferential adsorption from H2O/D2O mixtures to PEO causes the
unexpected problems with the modeling of the scattering data.
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For most of the 3d transition metal compounds orbital effects (local anisotropies) are not relevant in the long
range ordered state. Experimentally this is verified by an observed saturation moment for To0 which conforms
precisely to the theoretical spin of the free ion. This was demonstrated with a high precision for FeF2 in Ref.
[1]. Note that orbital effects are clearly important in the paramagnetic phase of FeF2. This reveals from the
strongly anisotropic paramagnetic susceptibility [2,3]. FeF2 therefore nicely demonstrates the principle of
relevance: local anisotropies (crystal field effects) which are important in the paramagnetic phase are below the
threshold to be relevant in the long-range ordered state. The reason for this is that due to the long distance spin
correlations of the ordered state local effects are largely averaged out. Note that for the spin dynamic in the
long-range ordered state spin waves with qo0 are decisive. The dynamic situation therefore resembles a
macroscopic continuum.
In cobalt compounds orbital effects are mostly important. In contrast to MnF2 [3] the paramagnetic
susceptibility of CoF2 is as in FeF2 anisotropic [2].
In Ref. [4] a saturation spin value of only Sz=1.11(1) was measured using magnetic x-ray scattering. This value
is clearly below the free Co2+ spin of S=3/2.
The temperature dependence of the paramagnetic susceptibility shown in Fig. 1 is also unusual. For a normal
antiferromagnet the low temperature susceptibility is always below the extrapolated high temperature CurieWeiss line, i.e. the 1/F values are above the Curie-Weiss line. In CoF2 the susceptibility increases with respect
to the high temperature Curie-Weiss line on approaching TN.
We interpret the result of Fig. 1 as crossover between two Curie-Weiss lines. The high temperature Curie Weiss
slope corresponds to the effective moment of the full Co2+ ion with S=3/2. The Landé factors obtained
assuming S=3/2 are g=2.573 for FA and g=2.853 F~~. Using these g-factors effective spin values of S=1.07 and
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S=0.99 result from the asymptotic Curie-Weiss slopes for ToTN. These spin values conform reasonably to the
saturation value of Sz=1.11 obtained in the x-ray scattering experiment [4]. Moreover, using neutron diffraction
on CoF2 powder material a saturation moment of 2.60(4) PB was obtained in Ref. [5]. Considering that g# 2.7
the spin value of S=1 is well confirmed by this experiment.
As a conclusion, the crossover between the two Curie-Weiss lines in Fig. 1 must be interpreted as a reduction of
the spin quantum number from S=3/2 to S=1. Such a discrete spin reduction must be considered as the action of
the crystal field in a situation with long distance spin fluctuations. For the thermodynamic the number of states
per magnetic atom, N, seems to be decisive. N is always an integer and given by N=2S+1. In other words, at the
crossover seen in Fig. 1 one state is lost for the thermodynamic due to the crystal field. Note that the number of
states can only decrease with decreasing temperature.
Interestingly, the thermal decrease of the order parameter with respect to saturation at the stable fixed point T=0
proceeds according to a single TH power function [6]. The exponent H is different for integer (H=3) and half
integer (H=5/2) spin. This allows one to confirm whether the spin is S=1 or S=3/2 in the ordered state of CoF2.
We have performed neutron scattering experiments on CoF2 powder in order to exclude that the reduced Sz
value is due to a transverse component Sx. In fact, no magnetic intensities were observed for reflections such as
(001). Fig. 2 shows the temperature dependence of the intensities of two Bragg scattering lines containing
magnetic scattering contributions. A preliminary exponent analysis of the stronger (100) intensity is in favour
of a T3 dependence rather than a T5/2 dependence. The same analysis with the (210) intensity gives, however, no
clear result. Further control measurements should clarify the unexplained different behaviour of the two lines.
Summarizing it can be concluded that susceptibility studies and scattering experiments are consistent with the
assumption of a reduction of the effective spin from a high temperature value of S=3/2 to a low temperature
value of S=1 in CoF2. This reduction is noticed as a crossover phenomenon in the paramagnetic susceptibility
and corresponds to a reduction of the number of relevant states from N=4 to N=3. The effect of the crystal field
is therefore to reduce N in discrete steps of unity if the crystal field is strong enough to be relevant. For FeF2 the
crystal field has a finite value but it is evidently not relevant for the ordered state since the full saturation
moment of 4PB is observed [1]. If the crystal field would be stronger a reduction of the effective spin from S=2
to S=3/2 would occur. The expected saturation moment would then be 3PB instead of 4PB.
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When simple alcohol like methanol or ethanol is mixed with water, the entropy is found to decrease
far less than expected for an ideal solution of randomly mixed molecules. There are evidences from
diﬀerent experimental methods and theoretical calculations that indicate short range order on a
molecular scale[1]. Neutron diﬀraction data employing contrast variation by isotopic H/D substitution has given so far the most detailed insight into the local structure[2]. From these results it has
been concluded that most of the water molecules exist as small hydrogen bonded rings and clusters in
a ﬂuid of close-packed methyl groups, with water molecules bridging neighboring methanol hydroxyl
groups through hydrogen bonding. This behaviour suggests that the anomalous thermodynamics of
the water-alcohol system arises from incomplete mixing at a molecular level. At lower temperatures
the mixtures freeze in a glass-like transition. The change of local order with temperature has not yet
been studied.
Previous neutron data taken at SANDALS-ISIS have been modeled with very good agreement at
−1
high Q, however, at Q vectors smaller than 4 Å signiﬁcant diﬀerences indicate a possible lack
quality of the experimental data due to problems with the huge incoherent scattering background
from H. While high Q-data are domiated by intra-molecular correlations, the smaller Q-data play a
crucial role for determining the water-alcohol correlations of interest.
Therefore we have proposed to reinvestigate this Q-range of interest on the DNS instrument and
to study the temperature dependence of coherent scattering using diﬀerent H/D substitution. In
addition, we have aimed to obtain much more accurate results by 1D polarisation analysis, which
allows for separating coherent and incoherent scattering as well as for an intrinsic absolute calibration
of the coherent scattering cross-sections.
We have studied a 7:3 mole mixture of methanol and water in combinations of fully deuterated and

1
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protonated components. Figure 1 (left side) shows highly accurate results for the coherent scattering
in particular for the protonated samples, which have been neglected previously. Results are shown
for 200 K. (Note, the preliminary data for fully deuterated sample is slightly aﬀected by avoidable
systematic errors.) Figure 1 (right side) illustrates the temperature dependence of the coherent scattering. A glass-like freezing is observed upon cooling with signiﬁcant changes in the local structure
(peak-shifts) and compressibility (low-Q). Crystallization occurs only for long annealing at temperatures near to 150 K, without indications of a phase separation as expected from the phase diagram.
Upon cooling the quasi-elastic scattering changes from a Lorentzian to a Gaussian resolution limited
proﬁle as obtained from TOF-spectra, see Fig. 2. The examples show data at relatively large Q.
Note that a change in the coherent structure factor is observed even below 100 K.
In view of a separation of partial coherent scattering functions of O, C, water-H and methanol-H,
further mixtures are possible to extinct contributions from hydrogen correlations (inter- and intramolecular O-hydrogen correlations and inter-molecular hydrogen-hydrogen correlations) by premixing
water and methanol for a determination of the correlations. We also plan similar future experiments
on pure water and pure methanol for comparisons with the coherent scattering functions and correlations of the water-alcohol mixture.
References:
[1] F. Franks and D.J.G. Ives, Q. Rev 20 1-45 (1966).
[2] S. Dixit et al., Nature 416. 830 (2002).
0.7 × CD3OD + 0.3 × H2O
10 K
100 K
200 K
300 K

DNS polarisation analysis on deuterated and protonated samples of

pmpw 200K
pmdw 200K
dmpw 200K
dmdw 200K

50

0

coherent scattering [b/(sr × mol)]

Scoh(Q) [b/(sr {CH3OH}0.7{H2O}0.3]

0.7-mole CH3OH and 0.3-mole H2O at 200 K

0

1

2
Q [Å ]

25

glass-like freezing

0
50
crystallization upon
annealing at 150 K

25

0

3

0

1

2

-1

3

-1

Q [Å ]

Fig. 1.(Left:) Absolute coherent scattering cross-sections obtained by polarization analysis and H/D
contrast variation. (Right:) Temperature dependence of the coherent scattering.

S(Q,ω)

100 K
200 K
300 K

Gaussian
-1

methanol water Q=3.4 Å

skewness related ro resolution effects

Lorentzian

0
-5

0

5

energy transfer [meV]

Fig. 2. Quasi-elastic scattering vs temperature measured in time-of-ﬂight mode.

150

2

Institut für Festkörperforschung
Forschungszentrum Jülich GmbH
D-52425 Jülich

Experimental Report
of Neutron Scattering Experiments
at the FRJ-2 Reactor
Proposal number:

DNS-04-005, DNS-04-006

Experiment title:

Magnetic disorder at the surface of MnO nanoparticles near the pore wall

Dates of experiment:

11. - 19.05.2004
13. - 15.07.2004
23.07.2004, 28.07.2004

Date of report:

Experimental team:
Names
Ioffe, Alexander
Brückel, Thomas
Vakrushev, S. B.

Addresses
Forschungszentrum Jülich, IFF, D-52425 JÜLICH
"
Ioffe Institute, St. Petersburg, Russia

Local Contact:

Werner Schweika

07.03.2005

Experimental report text body
Confined geometries impose finite size effects and material dependent interaction with interfaces, which may
alter the thermodynamic behaviour. Wedding phenomena near interfaces may be observed for instance in alloys
and magnets near to order/disorder phase transitions. A nice example is given by MnO embedded in nano pores
of vicor glass. In [1], a neutron powder diffraction study on such a system has been reported and a continuous
phase transition was found, whereas bulk MnO undergoes a discontinuous order/disorder phase transition. Due
to the scattering from the glass, the signal-to-background ratio in an ordinary neutron powder diffraction experiment is extremely bad. Therefore we have decided to perform a polarisation analysis study on the instrument DNS to separate magnetic from purely nuclear scattering.
Our samples consist of nearly pure SiO2, which has a random interconnected network of elongated pores with a
narrow distribution of pore diameters of 70 ±3 Å. These pores are filled with MnO, where the amount of MnO
corresponds to roughly 50 weight percent of a sample. Using one-dimensional polarisation analysis on the instrument DNS, we were able to nicely separate magnetic scattering from the nuclear scattering from the glass
and from incoherent scattering, see figure 1. The nuclear scattering from the SiO2 network is clearly dominant.
Below the Néel temperature of about 120 K, a magnetic ½ ½ ½ Bragg peak develops similar to the situation in
a true bulk system. However, even at the lowest temperature, a strong magnetic diffuse scattering remains,
which is very broad in Q and which is very difficult to be observed in a neutron powder experiment without
polarisation analysis. This diffuse scattering gives a clear indication for rather strong remaining magnetic disorder in the system. We expect that the spins at the pore walls are canted and deviate from the ideal MnO magnetic structure. A comparison with a scattering from MnO powder sample has been made, where the diffuse
scattering in the low temperature regime is significantly smaller (by two orders of magnitude).
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Without polarisation analysis, the spectrum of magnetic fluctuations could be observed on DNS in time-offlight mode, see figure 2. Figure 2 clearly shows the magnetic fluctuations originating from the ½ ½ ½ Bragg
peak . They have a width of a few meV and can nicely be observed on DNS. A first inspection of the temperature dependence of the magnetic fluctuations reveal very little difference between scattering from MnO embedded in the nano pores and a reference MnO powder sample. The quantitative treatment of the data is in progress.

Fig. 1: Separation of nuclear coherent, nuclear incoherent and purely magnetic scattering with polarisation
analysis on DNS for two temperatures: 130 K and 10 K. The magnetic scattering can nicely be separated
from the structural background.

Fig. 2: Energy spectrum of magnetic fluctuations versus magnitude of the scattering vector Q, observed without
polarisation analysis in time-of-flight mode on DNS. Sample was MnO in glass at a temperature of
100 K.

[1] I. V. Golosovsky et al., Physical Review Letters 86 (2001), 5783
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The study of polymer blends is an active research field over last years. Though the question of the dynamic
miscibility has already been studied in some thermodynamically miscible polymer blends [1-3], the local
structure in these systems is till now very little explored from an experimental point of view. For these reasons
we want to investigate the partial structure factors in polymer blends in a combined effort involving neutron
scattering with polarization analysis and fully atomistic Molecular Dynamics (MD) simulations. This will allow
us (i) to obtain the desired information on the effect of blending on the short range order in polymers and (ii) to
validate the simulations [4]. The validation step is crucial for the further development of our study on blends.
For instance, we plan to obtain from the simulation data how the “self-concentration” depends on the distance.
The “self-concentration” is an essential ingredient in theoretical approaches to the blend dynamics [5].
The seven samples investigated were: two blends of poly(vinyl ethylene)/polyisoprene (50%/50%), where one
of the components was fully protonated and the other fully deuterated (h-PVE/d-PI and d-PVE/h-PI) [6]; a
blend of head-to-head-polypropylene/polyethylenepropylene (50%/50%), where both components were
protonated (h-PEP/h-HHPP); a 50% blend of protonated head-to-head-polypropylene and deuterated
polyethylenepropylene (h-HHPP/d-PEP); fully protonated head-to-head-polypropylene (h-HHPP); protonated
and deuterated polyethylenepropylene (h-PEP and d-PEP). The thicknesses were such yielding a transmission
of about 0.9. Measurements with O = 3.3 Å allowed to explore the Q-range 0.19 d Q d 3.3 Å-1 (measuring times
of 2-3 hours/T). The T-range investigated was between 10K and 320K, temperatures below and above the glass
transitions. Also, measurements of background and Vanadium were performed in order to correct the data.
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Figures:
Momentum transfer
dependence of the
ratio between the
coherent and
incoherent intensities
scattered by the
different samples
investigated. The
temperatures are
indicated in the upper
part of the left figure.

The results obtained for all the samples investigated are shown in
the figures. For the case of HHPP/PEP system a main peak
centered at about 1.2 Å-1 and a second one at higher Q values can
be observed in all samples. The origin of these peaks is probably
due to inter- and intra-chain correlations respectively. Though it
was expected that the second peak would not be affected by
blending, it is noteworthy that this is also the case of the main
interchain maximum. The situation in the PVE/PI blend is at first
sight more complicated since a third peak is observed in the
intermediate Q-region. With the help of MD simulations the
different contributions to all these peaks will be unraveled.
REFERENCES
[1] G. C. Chung, J. A. Kornfield and S. D. Smith, Macromolecules
27, 964 and 5729 (1994)
[2] See e.g. A. Alegría, J. Colmenero, K. L. Ngai and C. M.
Roland, Macromolecules 27, 4486 (1994)
[3] S. Hoffmann, L. Willner, D. Richter, A. Arbe, J. Colmenero
and B. Farago, PRL 85, 772 (2000)
[4] F. Alvarez, J. Colmenero, R. Zorn, L. Willner and D. Richter,
Macromolecules 36, 238 (2003)
[5] T.P. Lodge and T.C.B. McLeish, Macromolecules 35, 5587
(2000)
[6] The partial structure factors of PI and PVE have already been
investigated by us in Ref.[4] and Exp. Rep. At FRJ-2 Reactor
DNS-02-014 (2003).
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The compound Zn4 Sb3 is one of the most eﬃcient thermoelectric materials known. Its high eﬃciency
results from an extraordinarily low thermal conductivity in conjunction with the electronic structure
of a heavily doped semiconductor. In comparison to other thermo-electric materials the ﬁgure of
merit zT, the measure of thermo-electric quality, of the material Zn4 Sb3 , is highest in between 150C
and 400C, hence with remaining good properties at higher temperatures. The structure as found from
recent x-ray studies[1] contains signiﬁcant disorder, with Zn occupying 90% of regular sites and 17%
of interstitial sites, while the two possible Sb sites are fully occupied, see Fig.1. Diﬀerent to previous
models, there is no mixture of Sb and Zn on common sublattices. The identiﬁcation of Sb−4
2 dimers
reveals that this compound is a valence semiconductor with ideal stoichiometry Zn13 Sb10 . From
this model it has been suggested[1] that the thermo-electric properties, ’phonon glass and electron
crystal’[2], stem from the glass-like interstitial Zn sites. On the other hand, as can be inferred from
electron density surface maps (reconstructed from x-ray data), the cage-like structure around the
Sb(2-) dimers appears to be rather open, which could lead to low lying excitations of the relatively
heavy antimony dimer.
The structural model with Zn-disorder can be tested by diﬀuse neutron scattering. According to the
disorder on zinc sites there should be a signiﬁcant Laue background compared to the small incoherent
scattering of Zn and Sb. Any substitutional disorder among Zn and Sb, however, will be undetectable
for neutrons, because of the almost identical coherent scattering lengths.
Phonon measurements and models are also not yet available. Therefore, I have proposed to measure
the up to date unknown phonon density of states for this material at diﬀerent temperatures from RT
to 400C on the DNS spectrometer in time-of-ﬂight mode. In addition the measured diﬀuse elastic
intensities should be used to check the structural disorder.
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First TOF experiments at the DNS on Zn4 Sb3 at ambient temperatures have successfully revealed
a particular high density of phonon states at 5 meV in energy gain of neutrons, see Fig.1. This
observation is indicative for a low energetic local mode that relates to the special thermo-electric
properties of Zn4 Sb3 . The temperature dependence has not yet been studied. The measured spectrum
is essentially related only to the coherent scattering of Zn4 Sb3 , with nearly identical scattering lengths
of Zn and Sb, dominating the weak incoherent scattering. The question whether this mode can be
related to Zn atoms (having a large isotropic DWF in the structural model) or to Sb−2 -dumbbells may
eventually be clariﬁed by further careful measurements of the Q-dependent intensites of the 5 meV
mode. The dumbbell formfactor would modify the usual Q2 dependence. For further experiments it
maybe also worthwhile to consider that a slightly better resolution can be achieved in energy loss of
neutrons with λ = 3.3Å.
Polarized neutron diﬀfraction (λ = 3.3Å) with analysis of spin-ﬂip and non-spin ﬂip scattering was
performed to separate spin-incoherent scattering from coherent nuclear scattering. Based on the
proposed model one expects a Laue scattering from Zn disorder of 0.074 b/sr, whereas the isotopic
incoherent background of Zn4 Sb3 is 0.003 b/sr and the spin-incoherent background Zn4 Sb3 amounts to
0.0005 b/sr. In principle, there is a possibility for intrinsic calibration by spin-incoherent background
separated by polarization analysis. However, this scattering contribution is too weak for the purpose
of absolute calibration (see Fig.2). On the other hand these results indicate a considerable Laue
scattering that would be consistent with the proposed Zn-disorder.
The desirable, absolute calibration of the weak diﬀuse elastic scattering can be achieved by a suitable
reference of weak incoherent scattering from Al for example and use of unpolarized neutrons. Such
measurements should be done using TOF analysis to discriminate inelastic background scattering.
Zn4Sb3

λ = 4.79 Å

2000

Zn4Sb3

300 K

300 K

phonon DOS

neutron counts / h

Zn4Sb3

1000

λ/2
×0.1

0
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1
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10
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5
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energy transfer [meV]
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Fig. 1. Proposed structure from Ref. [1] (left); TOF measurements at the DNS (middle) and
resulting phonon density of states (right) of Zn4 Sb3 at 300K.

Zn4Sb3
300 K

Polarisation analysis

nuclear coherent scattering
+ isotopic incoherent scattering
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1

2
-1
Q [Å ]
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Fig. 2. Diﬀuse scattering contribution separated by polarisation analysis,
showing only a neglible spin-incoherent scattering.
References:
[1] G. Jeﬀrey Snyder et al., Nature Materials 3, p. 458-462 (2004).
[2] R. P. Hermann et al., Phys. Rev. Lett. 90 (13) 135505 (2003).
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Neutron Reflectometer with Polarization Analysis (HADAS)

Instrument Parameters
Monochromator:

(002) pyrolytic graphite double monochromator

Wavelength:

2 Å < O < 6.5 Å, O  Å for reflectometry

Wavelength resolution:

1%

Collimation:

0.1 mrad < '4 < 10 mrad (unpolarized beam),
0.1 mrad < '4 < 1.5 mrad (polarized beam)

Polarization analysis:

Stack of 30 double sided polarizing supermirrors (top m = 2.5,
bottom m = 1.8) set up as divergent collimator

Detector:

2D position-sensitive scintillation detector, 80 mm diameter,
resolution < 1.5 mm, at 1.6 m distance from the sample

Neutron flux at sample:

105 unpolarized neutrons /cm2s with a collimation of
'4 = 2 mrad,
2u104 polarized neutrons /cm2s with a collimation of
'4 = 1 mrad

Maximal beam size at sample:

50 mm u 10 mm (unpolarized),
20 mm u 10 mm (polarized with polarisation analysis)

Special sample environment:

Electromagnet 0.3 mT < P0H < 1 T ; He flow cryostat
10 K < T < 300 K

Instrument Responsible
Dr. Ulrich Rücker
Dr. Emmanuel Kentzinger

Tel. +49-(0)-2461-61-6896
Tel. +49-(0)-2461-61-3139
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Email: u.ruecker@fz-juelich.de
Email: e.kentzinger@fz-juelich.de
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Experimental report text body
Introduction :
Polarized neutron reflectivity (PNR) studies have been performed on granular multilayers
[Co80Fe20(tn)/Al2O3(3nm)]10 for two different nominal thicknesses tn = 1.3 nm (non-percolating
superferromagnet) and tn = 1.6 nm (percolating ferromagnet). Most of the measurements were done at T = 150
K with the new cryostat and in a field range of 0.47 d |P0H| d 12 mT.
Motivation :
Interacting ferromagnetic nanoparticle systems [Co80Fe20(tn)/Al2O3(3nm)]10 show different kinds of
collective behavior depending on the nominal thickness of CoFe layers tn such as for tn < 1 nm one finds
superspin glass (SSG) behavior [1] and at higher coverage (1 nm < tm < 1.6 nm) the interactions between the
superspins give rise to a “superferromagnetic” (SFM) state with magnetic percolation, but particulate structure
[2,3]. It should be borne in mind that SFM domains will be different from the conventional ferromagnetic ones,
since they consist of the particulate nanoparticles rather than of atomic spins. Their study with a scanning
magnetic force microscope (MFM) has principal problems as the stray fields from the MFM tip easily affect the
inherent domain structure thus blurring their unperturbed state. The use of polarized neutron beams promises to
be less destructive on principle. Above 1.6 nm percolation occurs and the system behaves like a bulk
ferromagnet (FM).
Results and Discussions :
First we discuss the results obtained from the superferromagnetic (tn = 1.3 nm) sample. The PNR data
shown in Fig. 1 were taken at the weak guiding field (0.47 mT) of the neutrons after negatively saturating the
sample. They closely refer to the negative remanence as indicated by the low angle data close to the plateau of
total reflection, e. g. at 2T = 0.7° (arrow), where R-- > R++. The first-order structural superlattice peak at 2T =
5.12° corresponds to a bilayer thickness d | 5 nm. The presence of a weak signal in the two spin-flip channels
is primarily due to the limited efficiencies (94%) of both the polarizer and analyzer. As there is no significant
spin-flip scattering, there is obviously no magnetization component perpendicular to the applied field.
Inset of Fig. 1 shows the temporal relaxation of the net magnetization at P0H =1.7 mT (close to the
coercive field) parallel to the sample plane after coming from negative saturation as measured at 2T = 0.7°,
where R-- > R++ (see main panel of Fig. 1). During the measurement we did not observe any change of the
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absence of magnetization rotation and corroborates the suspected domain wall nucleation and growth processes
during switching near the coercive field [4].

Figure 1:
Spin-polarized
neutron
reflectivity
measurements
of
superferromagnetic
[Co80Fe20(1.3nm)/Al2O3(3nm)]10 at remanence, where the net magnetization is antiparallel to the field. The inset shows the
relaxation of the net magnetization measured
at T= 0.35° and B =1.7 mT parallel to the
sample plane.

Now let us discuss the results on the ferromagnetic sample (tn = 1.3 nm). In this sample the fast relaxation
of the net magnetization was found when measuring close to the coercive field parallel to the sample plane after
coming from negative saturation. Interestingly measuring the neutron reflectivity at the coercive field the
sample exhibits two enhanced satellites (arrows) near the 1st Bragg peak (T = 2.5°) as shown in Fig. 2.
Analysing this specular reflectivity we found that

Figure 2:
Spin-polarized
neutron
reflectivity
measurements
of
ferromagnetic
at the
[Co80Fe20(1.6nm)/Al2O3(3nm)]10
coercive field B= 3.8 mT. The sample
exhibits two enhanced satellites (arrows)
near the 1st Bragg peak (T = 2.5°) are shown
by arrows.

this is probably due to an oscillating magnetization from FeCo layer to FeCo layer with a period of five bilayers
along the multilayer stack [5]. Here also we did not observe any significant spin flip intensities which suggests
that the magnetization reversal in this sample also occurs through domain wall motion.
Conclusions and acknowledgements :
Lack of spin-flip scattering suggests that magnetization reversal occurs via domain wall motion in both the
superferromagnetic and the ferromagnetic sample. In the ferromagnetic sample an oscillatory magnetization
depth profile is found. Unfortunately we did not observe any off-specular scattering from which one can
calculate the mean domain size in the sample. This might be due to the resolution limit of the neutron beam
which cannot resolve domains being smaller than [ | 0.5 Pm or the limited intensity available.
We thank Dr. Emmanuel Kentzinger and Dr. Ulrich Rücker for their support at HADAS and we gratefully
acknowledge Forschungszentrum Jülich for the financial support for the work at Jülich.
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W. Kleemann et al., Phys. Rev. B 63 (2001) 134423
X. Chen et al., Phys. Rev. Lett. 89 (2002) 137023.
S. Bedanta et al. Phys. Stat. Sol (c) 1 (2004) 3288.
S. Bedanta et al. (to be published).
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Experimental report text body
We have measured polarized neutron reflectivity and off-specular scattering with polarization analysis from
polycrystalline permalloy (Ni81Fe19) single layers under a field of µ0H = 0.75 T perpendicular to the film plane
to clarify the origin and mechanism of the “Zeeman splitting” effect found by G. Felcher et al. [1,2]. The
samples have been prepared by magnetron sputtering on Si substrates.
As a first step to obtain additional information about possible energy, momentum and spin transfer during
reflection at the sample, we performed reflectivity and off-specular scattering experiments at different
wavelengths of the incident neutron beam. The analysis of the scattering kinematics should allow distinguishing
between momentum transfer parallel and perpendicular to the film and give a first estimate of the order of
magnitude of an eventual energy transfer.
The sample has been mounted in a permanent magnetic field of µ0H = 0.75 T perpendicular to the film. In
addition, guiding field has been mounted to turn the spin quantization axis adiabatically perpendicular to film
plane in front of the sample and back parallel to the film plane behind the sample outside the high field region.
This is necessary to decouple the spin-turning and the field gradient effects. Without this adiabatic turning,
depolarization of the beam has been observed.
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Fig.1: Reflectivitiy and off-specular scattering of neutrons Fig.2: Reflectivitiy and off-specular scattering of neutrons
with the incident wavelength Ȝ = 6.5 ǖ for the four different with the incident wavelength Ȝ = 4.52 ǖ for the four
different polarization channels
polarization channels

Fig. 1 shows the reflectivity and off-specular scattering for the four different polarization channels measured at
the wavelength Ȝ = 6.5 ǖ for the incident neutrons. Despite of some unstructured diffuse scattering, the nonspin-flip signal is purely specular. As expected, there is no difference for the non-spin-flip reflectivity for spin
up (R+ +) and spin down neutrons (R– –), as the net magnetization along the spin direction is also along Q, so
that the neutron does not feel the net magnetization, because only magnetic moments perpendicular to Q
contribute to the scattering potential.
The “Zeeman splitting” signal, for which the incident angle is different from the scattering angle, is obviously a
spin-flip signal. If the incident spin direction is up (R+ –) , the neutrons are scattered towards a higher angle
than the angle of incidence, if the incident spin direction is down (R– +), they are scattered towards lower
angles.
Fig. 2 shows the result of a comparable measurement with the incident wavelength Ȝ = 4.52 ǖ for the incident
neutrons. At first sight, the angular deviation of the spin-flip signal scales with the wavelength. This shows
already, that the eventual energy transfer during the scattering process is much smaller than the neutron’s
kinetic energy.
A quantitative analysis of the scattering geometry reveals that inelastic scattering with a momentum transfer
parallel to the film plane can be excluded. Assuming a momentum transfer perpendicular to the film plane, a
change of the neutron’s kinetic energy during the scattering and spin-flip process in the order of magnitude of
100 neV is consistent with the measured kinematics at all incident wavelengths. This energy change is
comparable to the potential energy of a neutron in the magnetic field of µ0H = 0.75 T.
[1] G.P.Felcher, S. Adenwalla, V.O. De Haan, A.A. Van Well, Nature 377 (1995), 409
[2] G.P.Felcher, S. Adenwalla, V.O. De Haan, A.A. Van Well, Physica B 221 (1996), 494
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Experimental report text body
We have measured by neutron reflectometry a patterned CoPt films in order to have access to a description of
the magnetic distribution in a magnetically nanostructured sample.
The patterned CoPt films are fabricated using a combination of e-beam lithography and He+ ion irradiation to
produce a planar array of ordered CoPt bands (easy magnetization perpendicular to the plane) separated by
disordered CoPt areas (easy magnetization in plane). By molecular beam epitaxy was deposited a CoPt ordered
film with an easy magnetization axis perpendicular to the sample. Then, the CoPt film was covered by a 300
nm thick Pt layer mask and finally irradiated with ion beam to disorder and switch the magnetization
orientation in the plane of the CoPt film not protected by the mask (fig. 1). The figure 2 shows a scanning
electron microscopy image of 300 nm-thick Pt bands (7 µm) separated by 3 µm areas after lift-off. A sacrificial
50 nm Cu layer was deposited before the Pt mask, allowing chemical removing of the array after irradiation.
First, the sample has been measured in the remanent magnetic state after having applied the field (5000 Oe) inplane along the band direction. The spin polarisation of the neutrons was along the in-plane direction
perpendicular to the bands. Figure 3 shows the measured intensity in the (Įi, Įf) plane and figure 4 along the Įi
= Įf diagonal. The reflectivity oscillations associated with the thickness of the patterned layer (50 nm) are not
seen on the diagonal for R++. This shows an inhomogeneous thickness of the layer. It can be due to the fact that
the chemical attack of the sacrificial Cu layer was not successful and either did not totally remove the Pt mask
or also removed partially the CoPt layer in spite of its protection by a Ru layer.
There is a significant R+- intensity at the reflection critical angle (Įi = 6 mrad and Įf = 6 mrad, figs. 5 and 6), due
to a non zero average magnetization component perpendicular to the bands. If the easiest direction in the soft
part is parallel to the band as expected from geometrical reasons, this component is due to the domain walls.
The Bragg peaks observed in figs 5 and 6 are associated with the periodicity of the bands (10 µm).
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After this first measurement, the sample was magnetized with the magnetic field (87 Oe, 460 Oe and 5000 Oe)
applied in the band direction. As shown in fig. 7, the reflectometry intensities were different. The main change
(compare figures 5 and 6) is a decreasing intensity at the critical angles (Įi = 6 mrad and Įf = 6 mrad). This
shows a reduction of the magnetization component perpendicular to the bands with the magnetic field applied
along the bands, thus showing a preferential orientation the magnetization on average in the direction
perpendicular to the bands in the remanent state (The choice of one of those directions may be due to a small
angle of the magnetic field with the direction of the bands).
These results show that the magnetic structure is very sensitive to the magnetic story of the patterned sample
and that surprisingly the system prefers a magnetization perpendicular to the lines in the soft lines. There is
some interesting diffuse intensity present but its analysis requires a new experiment (with a more successful
removing of the Pt mask) in order to understand quantitatively these observations. A new nanostructured film is
on progress.
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patterned CoPt sample.
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Experimental report text body
The diffusive behavior of copolymers in a homopolymer matrix was studied in these reflectivity experiments.
The general geometry of the samples is shown in Figure 1, while Table 1 lists the specific characteristics of the
samples examined in these experiments.
The parameters listed in Table 1 were chosen to
determine the limits on copolymer loading and
structure on the previously utilized experimental
protocol. This was necessitated by the limited
miscibility of the graft copolymer with the PMMA
matrix.
These experiments were completed in 2004, but are
still being analyzed. The fitting of the reflectivity
curves to model scattering length density profiles was
completed in Sept. 04, however, it was quickly
realized that there was an error introduced into the
measured reflectivity due to the size of the films and
the footprint of the beam on the sample. This error is
currently being corrected and the proper fitting results
will be available soon.
Figure 1: Sample configuration for completed neutron
reflectivity experiments.
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Table 1:
Copolymer Structure
Graft
Graft
Alternating
Alternating
Alternating
Alternating

Copolymer Molecular weight
90,000
90,000
50,000
50,000
50,000
30,000

Form Version: 19.02.03

Copolymer loading
5%
2%
10%
5%
2%
10%
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Experimental report text body
Advances in the fields of molecular-scale electronics, magnetic storage, optoelectronics, and biotechnology
all depend increasingly on the ability to fashion materials with precise control of feature size and functionality.
The chemical modification of polymeric surfaces allows the precise control of their functionality and the ability
to nanoscopically tune the size and shape of these surfaces. With this goal in mind, we have developed a
promising "bottom-up" approach to fabricate surfaces with targeted functionality, properties, and structure.
This technique utilizes imbedded chemical functionality as a tool to control the surface chemistry of patterned
and unpatterned polymeric surfaces.
These reflectivity experiments were completed to elucidate the structure and properties of the polymer brushes
that are created from these imbedded functionalities and compare them to other polymer brushes. The
experiments were completed on three polymer brushes, which consist of deuterated polystyrene brushes that are
approximately 50 nm long. The goal of the experiment is to determine the correlation between ability of an
initiator to grow a polymer brush to its depth in the initial film. The results from the three samples are shown in
the figures below, which demonstrate that the three samples exhibit very different profiles for the deuterated
polymer brush.
In these profiles, z=0 correlates to the brush air interface, while the first drop in sld denotes the transition from
the deuterated PS brush to the protonated initiator rich layer. Samples 1 and 2 clearly have significant amount
of brush that grows from the initiator layer away from the interface, as the interface between the deuterated
brush and protonated film is very broad. However, sample 3 grows almost all chains from the protonated layer
surface, as evidenced by the sharp interface between the layers. Clearly there exist fundamental differences in
these films, however, they were synthesized to be very similar. We are currently working with our
collaborators attempting to elucidate the cause for this observed variation in the brush structure. Clearly the
results indicate that initiator may grow polymer chains from any depth, however, we must determine the
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parameters that control this growth behavior, as seen in Sample 3. Future experiments are planned to provide
the information needed to clarify the fundamental physics of these unique materials.

Scattering Length density profile of Sample 1

Scattering Length density profile of Sample 2

Scattering Length density profile of Sample 3
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Experimental report text body
For the upgrade of the HADAS polarizer we bought two (identical) polarizing supermirrors from
Swissneutronics. The critical angle was ordered to be m=2.5 times the critical angle of natural Ni. In the
primary spectrometer of HADAS, the polarizer is illuminated with a divergent beam and only one slit after the
polarizer is used to define the collimation. Therefore it is necessary to get rid of the off-specular scattering as
much as possible to have a well defined beam incident on the sample.
We performed specular reflectivity and off-specular scattering measurements with polarized neutrons and
polarization analysis under different magnetic fields from negative remanence (magnetization opposite to the
field) through the remagnetization region up to µ0H = 0.4 T to characterize the response of these mirrors to
magnetic fields. As expected, the remanent state can be reached, i.e. after saturation in a negative field, the net
magnetization stays in the negative direction even under a small positive applied field. Nevertheless, the diffuse
scattering is strongly enhanced compared to the diffuse scattering under a high magnetic field.
Fig. 1 shows the reflectivity and off-specular scattering at positive remanence, i.e. after removal of a high
magnetic field. The specular reflectivity (shown on the main diagonal of the plots) shows that the magnetization
remains parallel to the field. The reflectivity for spin down neutrons (as seen in R– –) is negligible, as it is
expected for a magnetized polarizing supermirror. The specular signal in both spin-flip channels can be
explained by the incomplete polarization of the neutron beam.
Strong diffuse scattering can be seen as well in the R+ + non-spin-flip channel as well as in both spin-flip
channels, indicating structural disorder (roughness at the interfaces) as well as magnetic fluctuations.
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Fig. 1:
Reflectivity and off-specular scattering
of the polarizing supermirror
measured at remanence (µ0H = 2 mT)
after positive saturation.

Fig. 2:
Reflectivity and off-specular scattering
measured at a high magnetic field
(µ0H = 0.2 T). The diffuse scattering
due to magnetic disorder (mostly in the
spin-flip channels) is mostly suppressed,
but the mirror is not yet saturated.
Fig. 2 shows for comparison the reflectivity and off-specular scattering at a magnetic field of µ0H = 0.2 T. The
non-spin-flip diffuse scattering remains unchanged, as it comes from structural roughness, which is not
influenced by the magnetic field applied. The spin-flip offspecular scattering is strongly reduced, but not
completely absent. This shows that the magnetic disorder is responsible for this part of the diffuse scattering. In
addition, it becomes clear that even higher fields are necessary to saturate the mirror completely.
The experiment shows that the remanent state is not useful as a polarizer for spin down neutrons, as the
reflection is too much disturbed by the diffuse scattering, which is partly a spin up signal and not properly
aligned with the desired collimation. The magnetic field at the polarizer must be as strong as possible to reduce
the diffuse scattering as much as possible and to obtain the highest polarization of the beam.
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Asymmetric hysteresis loops due to asymmetric magnetization reversal processes are common [1, 2].
Magnetization rotation is identiﬁed by a signiﬁcant increase of the specular reﬂectivities in the spinﬂip (SF) channels (R+− and R−+ ), which correspond to in-plane magnetization components perpendicular to the guiding ﬁeld Ha applied collinear to ﬁeld cooling direction HF C . Reversal by domain
nucleation and propagation does not provide enhanced SF intensities, because the magnetization is
always collinear to Ha . Reversal mechanisms observed for the Co/CoO systems is where the domain
wall motion occurs for the decreasing ﬁeld branch and magnetization rotation for increasing ﬁelds.
Theoretically the interpretation of the magnetization reversal was discussed where it was showed [3]
that depending on θ, the angle between Ha and the AF anisotropy axis, the reversal mode is either by
coherent rotation for both loop branches or asymmetric with a nonuniform reversal for the increasing
branch. Here nonuniform refer to the reversal of magnetization with no component perpendicular to
the Ha direction.
In the present report, we investigate the evolution of the layer-by-layer magnetization conﬁguration of polycrystalline CoO/Co multilayers (MLs) along a full magnetization loop by
specular and oﬀ-specular PNR. We use -continuous- ML repetition of CoO-Co interfaces
[CoO(7.0 nm)/Co(11.0 nm)]20 /Au(50.0 nm). We ﬁnd a sequential switching of the layers that we
relate to the microstructural evolution along the stack . The reversal proceeds for both loop branches
in a nonuniform mode. We use a continuous ﬂow cryostat equipped with a temperature controller
for cooling the specimens down to 10 K. The ﬁeld cooling axis and the reﬂectometer axis were the
same, thus ensuring the θ = 0 situation for all the samples.
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Figure 1. Measured and ﬁtted NSF (R++ and R−− ) and SF (R+− and R−+ ) reﬂectivity patterns
of continuous SiO2 /Co(11.0 nm)/CoO(7.0 nm)]×20 /Au(50.0 nm) ML at diﬀerent applied ﬁelds Ha
along decreasing ﬁelds where HF C =-4.0 kOe.

All four specular reﬂectivity channels are measured at 15 diﬀerent Ha , six of which are shown in
Figure 1. together with least-square ﬁts based on an extension of the Paratt formalism to magnetic
MLs.
The three peaks of the ML in the NSF channels (R++ and R−− ) are the ﬁrst, second and third order
Bragg reﬂections of the ML. The corresponding weak peaks in the SF channels (R+− and R−+ ) can
be reproduced in the ﬁts by taking into account the polarization eﬃciencies of our setup. R++ and
R−− are almost equal at Ha = −550 Oe on the decreasing and at Ha = −1400 Oe on the increasing
branch (not shown in Figure) and signify that the reversal for both loop branches proceeds via a
state with an almost vanishing magnetization component collinear to Ha . For all other ﬁelds R++
or R−− dominates and reﬂects a net magnetization collinear with Ha , while the SF intensities are
always much weaker. The presence of oﬀ-specular intensity for the NSF channels in the Bragg sheets
even at higher ﬁelds signiﬁes the vertical correlation of the interface roughness in the ML.
This sequential switching of the layers is similar to that reported in Ref. [4] which was due to the
structural evolution along the ML. This also indicate that the Co layers are uncoupled to each other
in the stack. However, we could not observe such variation of grain sizes as our samples are capped
with Au layer in the present case.
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Experimental report text body
( Please use 12 pt letters here ! )
In order to determine, the space resolved detection efficiency of the KWS-3 position sensitive detector, we
installed an incoherently scattering sample on HADAS and the KWS-3 detector approximately 2 meters away
from that sample at a scattering angle of approximately 120 degrees. In this way, the detector was
homogeneously illuminated.
The thus obtained intensity profile is depicted in Fig. 1. We observe a rather constant sensitivity in the center of
the detector and a higher and non-uniform sensitivity in the border.
This sensitivity pattern is now used for the correction of the raw data measured by the users of KWS-3.
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Fig.1: Space resolved detection efficiency of the KWS-3 detector.
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Experimental report text body
The experiments have consisted in characterizing the reversal process of the magnetization in exchange bias
structures of the type FeF2/Fe. We have followed the magnetic off-specular scattering signal of the system by
using polarized neutron reflectivity with polarization analysis. The external parameters which have been varied
are the temperature and the magnetic field.
The Néel temperature of the FeF2 material is 78K (for bulk material). Below this temperature, a strong
magnetic coupling appears between this anti-ferromagnetic layer and the ferromagnetic layer.
Two samples have been characterized :
x Nr.1 : a sample deposited on an MgO substrate (epitaxial but with a twinned structure)
MgF2//FeF2(1000nm)/Fe(800nm)/Al(8nm)
x Nr. 2: an epitaxial sample deposited on an MgF2 substrate (110) oriented :
MgF2//FeF2(1000nm)/Fe(800nm)/Al(8nm)
The typical hysteresis curves on these exchange coupled systems looks like that :
2

1

We have measured the diffuse magnetic
scattering on these layers for different magnetic
field histories.
The off-specular scattering has been measured at
points (1), (2) (3) and (4).

3

4
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Our aim is to connect the magnetic microstructure to the exchange bias mechanism. The following figures
present the data obtained at the points (1) and (3) (only the spin-flip signal is represented). Total magnetization
is close to zero).

Figure 2 : magnetic off-specular plots measured on sample Nr.2

One can observe that a much larger spin-flip signal is observed at point (1) suggesting a better coherent
rotation. The large SF signal on the specular line at (Din-Dout) = (5,5) can only be accounted for by the formation
of magnetic domains of size larger than 1µm. Surprisingly, this contribution is far smaller for the point (3). The
numerical modeling can account for a number of features but is still not satisfactory since it is impossible to
reconcile (a) a total magnetization close to zero (b) a non fully anti-symmetric SF signal on both sides of the
specular line (Din = Dout) (c) the large specular SF signal at point (1).

Figure 3 : modeling of the spin-flip signal using a typical domain size of 1µm, a magnetization at an angle of 45° wrt to the
quantification fields and a distribution of the magnetic moments of 30°.

Figure 3 presents an example of numerical simulation. The strong off-specular signal on the specular line puts
strict limits on the domains sizes (>1µm). However the above calculation reflects only the features obtained for
the diffuse scattering at point (4). As mentioned before, no qualitative agreement could be obtained for points
(1) and (3). These measurements have been complemented by GISANS measurements. Measurements above
TN should also be performed to account for the exact contribution of the EB mechanism.
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Experimental report text body
Usually exchange bias (EB) occurs in AF/F
systems after annealing above the blocking
temperature of the antiferromagnetic material and
cooling in a magnetic field. Alternatively, it has
been shown that EB can also be adjusted by ion
bombardment with He ions [1]. We locally
applied He-ion bombardment for magnetically
patterning an EB full CoFe/MnIr film into
microstripes with alternating direction of EB. The
longitudinal and transversal magnetization loops
along the EB axis are displayed in Fig.1. A twostep reversal, corresponding to the two regions of
antiparallel loop shift, becomes visible from the
longitudinal magnetization curve. The transversal
loop reveals a clear transversal signal in the region
where the magnetization is oriented antiparallel to
each other. Additionally, longitudinal domain
images are displayed in Fig.1. Starting from
homogeneous magnetization a magnetic reversal
through antiparallel alignment of magnetization by
head-on domain-wall motion becomes visible.

Fig. 1: Hysteresis loops and Kerr microscopy images
representing the domains formation at different magnetic
fields during magnetization along the EB axis. The two
hysteresis loops correspond to HEB,bom=20 Oe and Hc,bom=31
Oe, and HEB,ann=-23 Oe and Hc,ann=36 Oe for the bombarded
and the annealed parts, respectively.
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The reversal occurs through a ripple development together with incoherent rotation. Further description of the
Kerr microcopy studies are displayed in Ref. 2.
Polarized neutron reflectivity (PNR) measurements have been performed at the HADAS reflectometer,
Research Centre Jülich. We have taken several intensity maps with polarization analysis at different fields of
both loop branches. Figs.2(a) and (b) represent measurements in a region of antiparallel alignment of
magnetization with the bombarded stripes already reversed. The specular intensity in Fig.2(a) shows a strong
spin-flip signal which is due to a large angle J between the directions of applied field and magnetization
averaged over a coherence volume. The best fit of our data to the theoretical model delivers three parameters
¢cosJ²sample|0.12, ¢sin2J²sample|0.88, and the mean value ¢cosI²coh|0.56 reducing the mean magnetization due to
local deviations of the magnetization within the coherence range. In Fig.2(b) the intensity is plotted as function
of angle of incidence Di and exit angle Df. The specular reflection ridge runs along the diagonal, where Di=Df.
Purely magnetic Bragg diffraction from the periodic antiparallel alignment of the magnetic stripes is seen as
curved off-specular lines. (Because the sample is not structurally patterned no Bragg reflections are seen in
saturation.) The high intensity of the Bragg reflections signifies that the local magnetization in neighboring
stripes is tilted so that its projections perpendicular to the mean magnetization are periodically alternating
within the coherence length. Diffuse scattering around the total reflection edge, in particular in the spin-flip
intensity maps, is caused by ripple domains and is much stronger at fields just below and after the antiparallel
alignment compared to the situation shown in the up-down map in Fig.2(b), but is not present in saturation.

(a)

(b)

Fig. 2: PNR at a field of 26.6~Oe. At this field the bombarded stripes are already reversed, but the annealed stripes are
not yet reversed. (a) shows measurements and simulations using a model based on DWBA of the specular reflectivity,
(b) shows complete intensity maps measured in non-spin-flip (up-up) and spin-flip (up-down) configuration.
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Our earlier experiments on exchange biased polycrystalline specimens of [IrMn/CoFe]x10 multilayers
(MLs) showed that the magnetization reversal is symmetric and proceeds only by domain structure
formation for increasing and deceasing ﬁeld when the applied ﬁeld H a was applied parallel to the
ﬁeld cooling direction H F C [1]. However all other experimental results by various workers report an
asymmetric reversal mechanism for various bialyer systems of AF(antiferromagnet)-FM(ferromagnet)
which are single crystalline in structure. Asymmetric hysteresis loops due to asymmetric magnetization reversal processes are common [2, 3]. Magnetization rotation is identiﬁed by a signiﬁcant
increase of the specular reﬂectivities in the spin-ﬂip (SF) channels (R+− and R−+ ), which correspond to in-plane magnetization components perpendicular to the guiding ﬁeld H a applied collinear
to ﬁeld cooling direction H F C . Reversal by domain nucleation and propagation does not provide
enhanced SF intensities, because the magnetization is always collinear to H a .
In the present report, we wanted to investigate the evolution of the magnetization conﬁguration of
epitaxial FeMn/NiFe multilayers (MLs) along a full magnetization loop by specular and oﬀ-specular
PNR. We prepare epitaxial specimens of [111] oriented [NiFe/FeMn]x10 multilayers for the purpose
by MBE technique. We choose the [111] orientation for larger exchange bias ﬁelds. The specimens
are ﬁeld cooled after heating them upto 250 deg. C in an Ar atmosphere for 1 hour and allowed
to cool down to room temperature at 130 Oe of magnetic ﬁeld which induces the unidirectional
anisotropy.
The typical MOKE hysteresis loop showing exchange bias H EB (≈130 Oe) for our epitaxial bilayer
sample is shown in Fig. 1. The LEED patterns of NiFe [111] and the FeMn [111] layer following it
conﬁrms the epitaxial structure.
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Figure 1. Hysteresis curve showning H EB for [111] epitaxial NiFe/FeMn bilayer. Inset showing
LEED patterns for epitaxial [111] NiFe and [111] FeMn surface.

Figure 2. NSF intensity maps for (R++ ) channel are shown with varying applied ﬁeld H a .
All the four reﬂectivity channels are measured at 14 diﬀerent applied ﬁelds H a , four of which are
shown in Figure 2. As can be seen, that there is hardly any variation in the spectra with ﬁeld. Thus,
we do not ﬁnd any magnetic moment corresponding to the NiFe layer. At saturation H a =4.5 kOe,
though the reﬂectivities in the NSF (R++ and R−− ) channels are seen to split by a small amount,
indicating net magnetization aligned parallel to the ﬁeld, the SF (R+− and R−+ ) intensities are
always much weaker. This may be due to the high level of intermixed layer, which is also observed
by in-situ Auger electron spectroscopy (AES), that is formed while depositing FeMn layer on top of
NiFe layer kept at 100°C. Such a temperature was necessary for epitaxial growth as revealed by the
LEED patterns. Thus even if we were successful in maintaining the epitaxial structure and obtain
reasonable exchange bias ﬁled, but any observation of magnetization reversal was not possible on the
sample by PNR. This experiment gives us valuable inputs and feedback to the deposition conditions
for our future epitaxial exchange bias systems.

References
[1] A. Paul et al., Phys. Rev. B 70, 224410 (2004).
[2] V. I. Nikitenko et al., Phys. Rev. Lett. 84, 765 (2000).
[3] M. Gierlings et al., Phys. Rev. B 65, 92407 (2002); F. Radu et al., Phys. Rev. B 67, 134409
(2003).
[4] B. Beckmann et al., Phys. Rev. Lett. 91, 187201 (2003).

2

182

Institut für Festkörperforschung
Forschungszentrum Jülich GmbH
D-52425 Jülich

Experimental Report
of Neutron Scattering Experiments
at the FRJ-2 Reactor
Proposal number:

HAD-04-018

Experiment title:

Test of a transmission polarizer device for KWS-2

Dates of experiment:

26 – 28.11.04
21 – 24.01.05

Experimental team:
Names
E. Kentzinger
A. Ioffe
U. Rücker

Local Contact:

Date of report:

31.01.05

Addresses
IFF, FZ-Jülich

E. Kentzinger

Experimental report text body
( Please use 12 pt letters here ! )
This experiment enters in the project of equipping KWS-2 with polarized neutrons until its move to FRM-II.
A first try has been performed, using the spin down neutrons transmitted by the polarizer of NSE that is sharing
the same neutron guide as KWS-2. This experiment was rather unsuccessful: a flipping ratio of only 2-to-3 was
obtained at the KWS-2 sample position. We explain this by the bending of the KWS-2 guide and by the fact
that the NSE-polarizer does not polarize the whole incoming divergence of the neutron guide.
A second idea that we had was to build a polarizer device based on transmission polarizers already tested on
HADAS (see report HAD-03-005 of last year). Those transmission polarizers do not produce any small angle
scattering in the -- and spin flip channels if they lie in a strong enough field (µ0H > 0.4 Tesla). However, some
++ small angle scattering, due to interfacial roughness, is still present (see Fig. 1a).
In order to remove this small angle scattering, we have installed, 0.5 mm behind this polarizer, an identical
transmission polarizer that would reflect this ++ scattering and bring it above the horizon. This idea has been
tested and the measurement performed on such a device is shown in Fig. 1b. We see a strong reduction of the
++ small angle scattering around ĮI = 5 mrad and around the primary beam. Some small angle scattering
intensity is still seen around ĮF = 5 mrad. We explain this by the fact that, due to the limited space at sample
position on the HADAS instrument, we were not able to install a long enough ‘analyzer’ supermirror and that
those small angle scattered neutrons therefore did not meet it.
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At a third step, we relaxed the angular resolution by opening up further the collimation slits (s1 and s2), in order
to increase the incident intensity on the device. We then performed the same measurement, which is displayed
on Fig.2. We see that some spin-flip and ++ small angle scattering is still present, but at an intensity level 3-to-4
orders of magnitude smaller than the intensity of the primary beam.
We conclude that we have found a way to have polarized neutrons on KWS-2, with small enough background
intensity around the primary beam, by installing this device close before the sample. This will be tested in the
next times by physical measurements on KWS-2.

a)

b)

Fig.1: a) Reflectivity (ĮF=ĮI), off-specular scattering (ĮF>0), transmission (ĮF=-ĮI) and small angle scattering
(ĮF<0) measured on a single transmission polarizer at an applied field of 0.45 Tesla. ĮI and ĮF are respectively
the angles of incidence and exit of the neutrons with respect to the sample surface. The large background
intensity just above the primary beam does not come from our sample but from diffuse scattering from the
HADAS polarizer.
b) Same as before but with a second ‘analyzing’ supermirror placed 0.5 mm behind the first polarizer.
(s1=s2=0.3 mm).

Fig .2: Same as Fig.1b), but with s1=s2=1 mm.
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Small Angle Neutron Scattering Instrument (KWS1)

Instrument Parameters
Beam tube:
Monochromator:
Incoming beam
- Entrance aperture:
- Sample aperture:
Collimation:
Detector
- Active area:
- Scintillator:
- Space resolution:
- Max. pulse rate:
- Detection probability:
- J-sensitivity:
Neutron flux at sample:
Wavelength:
Momentum transfer range:
Ancillary equipment:

NLIIA straight guide; cross section:
4.5 cm (height) u 3 cm (width)
velocity selector (DORNIER); 'OO = 0.2
variable; suggested: 3 cm u 3 cm
variable; suggested: 1 cm u 1 cm
length variable from 1 m to 20 m
60 u 60 cm2 in 128u128 channels
6
Li-glass, 1 mm thickness
0.5 u 0.5 cm2
ca. 1 MHz (Wdead = 3 Psec)
95 % for O = 7 Å
2 u 104 (1 MeV)
2 u 105 ... 2 u 107 n/cm2 s depending on collimation
O = 7 Å wavelength and entrance aperture 3 u 3 cm2
4.5 Å <O< 15 Å
optional Qmax #1 Å1
103 Å1 < Q< 0.2 Å1
automatic sample holder in vacuum and air; heating devices:
40 to 200°C; pressure cell: p = 1 ... 2000 bar / T |30 to
200°C; strain rigs and temperature control unit for quenchedelongational studies of melts (liquid N2)

Instrument Responsible
Dr. Dietmar Schwahn
Dr. Wim Pyckhout-Hintzen

Tel. +49-(0)-2461-61-6661
Tel. +49-(0)-2461-61-4681
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Email: d.schwahn@fz-juelich.de
Email: w.pyckhout@fz-juelich.de
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Experimental report text body
Amphiphilic copolymers are known to have self-assembling properties [1]. In some cases, when the
hydrophobic segments are thermo-responsive, the self-assembly can be triggered by a change in temperature.
Thermo-responsive copolymers, characterized by a lower critical solution temperature (LCST), represent a
class of polymers showing significant potential for the development of drug delivery vehicles [2]. Their
temperature-dependent self-assembling character provides advantages for packing hydrophobic drug molecules
in aqueous solution.
The purpose of the SANS measurements performed on the KWS-1 instrument was to characterize the selfassembling behavior of poly(N-vinylcaprolactam) chains grafted with Z-methoxy poly(ethylene oxide) undecyl
D-methacrylate (PVCL-g-C11EO42). In this experiment, we investigated the effects of temperature, copolymer
concentration and addition of an anionic surfactant such as sodium dodecyl sulfate (SDS). Using a neutron
wavelength of 7Å and three sample-to-detector distances, a scattering vector q range between 2.3ʘ10-3 Å-1 and
0.15 Å-1 was covered. The data were corrected for the scattering from empty cell and solvent, and then
calibrated to absolute values by using a Plexiglass secondary standard. A maximum contrast and a minimum
incoherent background were achieved using D2O as a solvent. The solutions properties were investigated for
two copolymer concentrations, in the dilute (1.0 wt %) and the semi-dilute (5.0 wt %) regimes, over a large
temperature range and for different SDS concentrations.
In Fig. 1, the effect of increasing the temperature in dilute PVCL-g-C11EO42 solutions (1.0 wt %) can be seen.
A temperature increase in the copolymer solution without any surfactant (Fig.1a) promotes the formation of
large, compact aggregates characterized by a pronounced Porod-like scattering (I(q) ~ q-4) at low q values. In
the presence of SDS (Fig.1b,c), different profiles can be observed with the appearance of Guinier-like plateaus
at low q above the LCST of the systems. The value of the scattered intensity at the plateaus decreases as the
SDS concentration is increased. This reflects that the growth of large aggregates is strongly inhibited in the
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1

187

presence of increasing amounts of SDS. At the lower temperatures, the scattering patterns of the PVCL-gC11EO42/SDS systems exhibit a pronounced correlation peak in the intermediate q range, probably a sign of
long-range electrostatic interactions between the associated chains. It can be observed that as the surfactant
concentration is increased, the distance between the aggregates, defined as d = 2S/qmax, decreases. This
indicates a more homogeneous distribution of the chains in the presence of higher SDS concentrations, due to
electrostatic forces and better dissolution of the copolymer hydrophobic micro-domains. It appears therefore
that the presence of SDS in the dilute copolymer solutions reduces the tendency of the system to form
hydrophobic associations.
As shown in Fig.2, a different behavior appears for the semi-dilute copolymer solutions (5.0 wt %). Increasing
the temperature in the presence of moderate amounts of SDS (up to 4 mmolal) induces a stronger upturn of the
scattered intensities at low q than in the absence of SDS, suggesting an increase of the inter-chain aggregation.
The interpretation of this phenomenon is that for a high PVCL-g-C11EO42/SDS ratio the surfactant molecules
form clusters that act as cross-linkers and/or strengthen connections between segments of different copolymer
chains, and these are enhanced upon an increase of temperature (hydrophobic associations reinforced above the
LCST).

Figure 1. Influence of temperature on SANS
from 1.0 wt % PVCL-g-C11EO42/SDS
solutions, at different SDS concentrations.

Figure 2. Influence of SDS concentration on
SANS from 5.0 wt % PVCL-g-C11EO42/SDS
solutions, at different temperatures.

Finally, analysis of the experimental data in the high q range has revealed increasingly more compact structure
of the aggregates as the temperature rises, for both copolymer concentrations, in absence and presence of SDS.
In conclusion, the degree of aggregation in aqueous mixtures of the PVCL-g-C11EO42 copolymer and SDS can
be easily tuned by changing the temperature, the copolymer concentration and the level of surfactant addition.
This makes it possible to form aggregates in a reproducible and reversible way, which is a necessary
requirement for creating efficient drug delivery systems.
References:
[1] Wesslén B. Macromol. Symp. 1998, 130, 403.
[2] Kim S. Y., Ha J. C., Lee Y. M. J. Control. Release 2000, 65, 345.
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Experimental report text body
Introduction. Complex formation between cationic surfactants and DNA has been studied extensively in
recent years (1-5). This is due to the large and increasing interest for using cationic liposomes as a possible way
for in vivo gene transfer (6,7). In water solutions of low ionic strength, DNA is a highly negatively charged
polymer with a persistence length of more than 50 nm. The binding of cationic surfactants proceeds in two
stages (8-10). First, the surfactant exchanges with the counterions condensed on the DNA chain. Then, at a
critical surfactant concentration, a highly cooperative binding of the surfactant occurs, which is typically
followed by phase separation. For high molecular weight DNA, the cooperative binding of surfactants causes a
condensation (a discrete transition from coil to globular state) of the DNA chain. It has been demonstrated by
fluorescence microscopy experiments (8) that the coil and globular forms coexist over a specific range of
surfactant concentration. The cooperative binding of surfactants is believed to result from a micellar-like
aggregation on the DNA chain (1,8-10) but conclusive evidence of this type of structure is still lacking. The
adsorption behaviour at the interface is related to that in the bulk, as evidenced by ellipsometric measurements
on hydrophobized silica surfaces (13-14) and dynamic light scattering measurements on polystyrene particles
(15). Addition of CTAB to a pre-adsorbed layer induced both a large increase in DNA adsorbed amount as well
as significant layer compaction. The degree of compaction of the pre-adsorbed DNA layer depends on the
charge ratio of the DNA negative groups and cationic surfactant.
Results. Using SANS we have investigated the structure of the complexes formed upon condensation of the
DNA, both in the bulk and at the surface of polystyrene latex particles. By using selective deuteration, we
intended to follow the structural modifications induced by complexation with a cationic surfactant. We were
successful in detecting the adsorbed layer of DNA on the latex particles (which for this purpose were contrastmatched to the solvent). To our knowledge, no similar work has been reported so far and these preliminary
results (see figure below) show the potential of SANS for studying this system, in particular through an
extensive use of contrast-variation.
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We were also able to identify differences in the scattering curves for the various contrasts used (see figure
below), but the signal was very weak, partly due to the low concentrations used for the experiment.
Complementary measurements were performed in the bulk in fully deuterated medium to study the coilglobular transition of the DNA upon binding of the surfactant. The same trends in the scattering were seen as
those observed at the interface of the colloidal particles.
These results are extremely promising and show that SANS are a most valuable tool for studying the
complexation of DNA at an interface and in the bulk . These experiments constitute a solid basis for
establishing optimal conditions (concentration, DNA/surfactant/particles ratio, etc) in order to improve the
quality of the data in future experiments.
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Materials. Salmon sperm DNA (Gibco 2,000 base pairs) was used prior dialysis to 10 mM NaBr/D2O. CTAB
(Merck pa quality), sodium bromide (Riedel-deHaen extra pure quality) and deuterated CTAB (CDN isotopes)
were used as received. Deuterated polystyrene latex (diameter ~ 120 nm) was prepared using a surfactant free
method
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( Please use 12 pt letters here ! )
The stability of colloidal dispersions depends on the inter-particle interactions. Colloidal dispersions are
stabilized by electrostatically or sterically repulsion or both1. Our previous work has shown that both of these
two interactions can be described by a Yukawa potential2, U(w), written as
U w d  U 0 exp> N w  d @ w
(1)
where w is the distance from the centre of a reference particle, d is the diameter of the particle, U0 is the depth
of the potential and 1/N the decay constant of this potential. Partial deuterated polystyrene latice with adsorbed
PEO layer at different volume fraction ranging from dilute (1%) to concentrate (16%) were measured by
SANS. All these dispersions were expensively dialyzed against MilliQ water and no salt was added in, thus the
dispersions were stabilized both by electrostatic and steric repulsion. Under the contrast condition used in these
measurements, the scattering from the polymer layer in negligible compared to that from the polystyrene
particles thus all the dispersions were looked as an effective bare particle dispersions where a spherical form
factor is applicable. An arbitrary background was added when fitting the data to compensate the scattering from
the polymer layers. All the spectrums were scaled to a volume fraction at 1% to highlight the effect of the
structure factor. At the low Q part, there is a down-turn which is the evidence of a structure factor. The start
point of the down-turn shifts to high Q when the volume fraction increases, which indicate the average distance
between particles decreases. These data were fitted by the combination of a form factor of homogenous spheres
and a structure factor based on the Yukawa potential (Figure 1). All the fits are very good which indicates that
the chosen models for the form factor and structure factor are close to the reality. Through the fit, we are able to
obtain the interaction potentials for each dispersion which are presented in Figure 2. What needs to be noted is
that at the volume fraction of 1%, there is only electrostatic repulsion and as it is weak the value is uncertain3.
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Figure 1. The SANS spectrums of polystyrene latex with adsorbed polymer layer at different volume fractions.
(All the spectrums were scaled to a volume fraction at 1%)
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Figure 2. The repulsion potential obtained form fitting the SANS data.
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Experimental report text body
In this proposal we examined in detail the complex formation of a normal and reverse triblock copolymer of poly(ethylene
oxide)-poly(propylene oxide)-poly(ethylene oxide) with HP-D-CD, HP-E-CD and HP-J-CD. The polymers are size
selective as only the PEO block can complex with HP-D-CD and PPO with HP-E-CD whereas the HP-J-CD form can
complex with both blocks. Because of the lower solubility of the PPO block pluronics form micelles in aqueous solution
above a critical micelle concentration (CMC) and a critical micelle temperature (CMT). Below the CMC and CMT
pluronics (1.5% v/v) exibit low levels of scattering characteristic of unimeric copolymers, however, above the CMC
(10.0% v/v) aggregates form.

Pluronic Polymers
The radius of gyration of the P84 pluronic block copolymer micelle was 35 ± 0.1 Å which is just larger than the radius of
gyration of the unimer 21 ± 0.3 Å (both from simple Guinier fits). The core and shell size of micelle were fitted using a
hard core soft shell with polydispersity and the Hayter Penfold potential, which are consistent with a collapsed PPO block
and a hydrated PEO shell. Figure 1 shows the scattering from the pluronic block copolymer at 3% w/w and their inclusion
complexes with HP-D-CD, HP-E-CD and HP-J-CD in D2O. HP-D-CD and HP-J-CD form complex gave the core and shell
sizes were 11 Å and 42 Å, respectively. These are somewhat larger than typical pluronic block copolymer micelle with 8
Å core and shell 26 Å.ȱȱ
The formation of inclusion complexes between P84 and HP-E-CD led to the dissolution of the micelle because the
inclusion complex formed between HP-E-CD and PPO rendering that block more hydrophilic. The size of the complexes
was found by fitting using the Guinier model and gave an Rg ~ 20 Å. All the fitting parameters for the P84 micelle and
their inclusion complexes are given in Table 1.
Table 1 Fitted parameters to core-shell model of P84 and the inclusion complexes with HP-D-CD and HP-J-CD at
difference concentrations.
ȱ
Parameters
Added HP-D-CD
Added HP-J-CD
3% P84
Core radius /Å

5% P84

3% P84

5% P84

3% P84

5% P84

8.2

8.6

11.3

11.2

11.3

11.8

Corona radius /Å

26.4

26.5

41.9

38.4

42.1

46.0

Micelle radius /Å

34.6

35.1

53.2

49.6

53.4

57.8
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Figure 1

,4FP

Scattering profiles of 3% v/v P84 and the
inclusion complexes with hydroxypropyl
CDs at mole ratio 1:20 (P84 : HP-CD) ,
25°C, and fitted to the core-shell model
(straight line) except the HP-E-CD complex
with Guinier model.

4 / Å-1

Reverse Pluronics
These polymers (PPO2-PEO41-PPO2) are highly asymmetric with very short PPO blocks. The scattering from the polymer
and their inclusion complexes with HP-D-CD, HP-E-CD and HP-J-CD in D2O were fitted to core-shell model as shown in
figure 2.

Figure 2

,4FP

Scattering of PPO2-PEO41-PPO2 and the
inclusion complexes with hydroxypropyl
CDs at mole ratio 1:5 (polymer : HP-CD),
25°C, fitted to the core-shell model (straight
line).

4 / Å-1

The results showed that the corona size of micelle was ~45 Å and the core ~12 Å. Though the core appears larger than
from P84 it may also contain some solvent as at this chain length it is partly soluble. This requires further study before a
definitive answer can be given. As with the normal pluronics the micelle size of pluronic-R increases with HP-D-CD and
HP-J-CD complexation. HP-E-CD on the other hand appears to dissolve the micelle. The larger block copolymer
(PPO8-PEO23-PPO8) has an overall size of 195 Å (core size 25 Å). Addition of D-CD or J-CD leads to extensive
complexation, and has a Q dependence (I~Q-0.7), which could indicate a transition to more rod-like micelle.
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Experimental report text body
Molecular composites, composed of uniformly dispersed rigid-rod liquid crystalline polymer (LCP)
molecules in a flexible amorphous polymer matrixi-iii, have remained hitherto elusive due to a scarcity of
miscible systems containing a LCP and an amorphous polymer. As result of our previous work, the production
of such a blend, with an experimentally accessible miscibility window, has become possible by modifying the
architecture of the flexible polymer, so as to induce favorable intermolecular hydrogen bondingiv. Specifically,
liquid crystalline polyurethanes (LCPU) are found to be miscible with a copolymer of styrene and vinyl
phenoliv-vii with optimum hydrogen bonding between the carbonyl groups of the urethane linkages and the
hydroxyl groups present in the styrenic matrix.
Availability of a truly miscible molecular composite presents a unique opportunity to determine the
conformation of anisotropic polymer chains that are uniformly dispersed in a flexible coil matrix. In order to
gain fundamental insight into the configuration of the LCPU molecules, we utilized small angle neutron
scattering (SANS)viii-xiv. The advantage of SANS is that the conformation of polymer molecule can be
determined at any concentration as scattering contrast can be tuned by selective deuteration of one of the
componentsix,xiii. A system consisting of the LCPU and a deuterated styrenic copolymer containing 10% vinyl
phenol (VPh) was examined by SANS at the Institute of Solid State Research (IFF) of Forschungszentrum at
Jülich, Germany in March 04.
The LCPU (Mw 31,700, PDI 1.64) and random copolymer of deuterated styrene and vinyl phenol (dPSVPh) were synthesized in our laboratory. Two batches of dPS-VPh were prepared (Mw 70,200, PDI 1.65 &
Mw 55,700, PDI 1.42). Blends of LCPU and dPS-VPh were prepared by solvation in n,n-dimethylformamide
and subsequent precipitation in excess of methanol. Blends were prepared having compositions, 0.5-5%, 20%,
and 95% (weight fraction of LCPU in the blend). It is expected that the overlap concentration of LCPU is less
than 3% wt fraction.
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The SANS measurements were carried out at IFF, using the instrument KWS1 (Q range 0.021 to 1.6 nm), over the composition range of 0.5 to 3%, as well as 20% LCPU. Measurements were carried out at
temperatures ranging from 115-170qC. Initial measurement was made at 148qC, which is intermediate to the
glass transition temperature of the copolymer and the clearing temperature of the LCPU. Scattering curves of
the neat copolymer, from both instruments (Fig. 1), show a remarkable upturn in scattering at low Q; indicating
presence of a large scale structure comprising the
protonated vinyl phenol (VPh) monomer segments of
the copolymer.
It is evident that the VPh segments in the random
copolymer form a large-scale structure, facilitated by
presence of hydrogen bonding within VPh segments.
This interaction in VPh segments leads to formation of
a dynamically cross linked structure, characterized by
the large scattering seen at low Q.
1

Addition of small amounts of LCPU in the
scattering media resulted in a measurable change in
the scattering. What is interesting to observe is the
substantial reduction in scattering of a 0.5% sample,
within the Q range discussed here, indicating that the
Figure 1: Scattering from 148qC neat dPS-VPh, showing
LCPU molecules act to disrupt the hydrogen bonded
high scattering at low Q values.
VPh ensemble. Thus, the presence of a large scale
structure in the copolymer is due to intra-species hydrogen bonding among the VPh segments of the copolymer,
which is measurably disrupted by addition of small amounts of LCPU. Note that an increase in the LCPU dose
in the scattering media resulted in increased scattering levels, which approach those of the neat copolymer. We
believe that this increase in the scattering results not only from the mere addition of proton-rich LCPU, but also
from the fact that LCPU molecules enter in the dynamic network by forming interspecies hydrogen bonds (i.e.
between LCPU molecules and VPh segments), as can be expected from our previous results.
Quantitative Analysis of this data is problematic. Scattering curves for neat dPS-VPh do not fit the
Debye-Bueche model, indicating a complex structure. A two correlation length Debye-Bueche modelxv, which
utilizes four fitting parameters, including two correlation lengths a1 and a2, has been considered. The
correlation length a2 corresponds to the size of the dynamic network clusters, which is close to 100 Å. The
correlation length, a1 (~550 to 600 Å) corresponds to the formation of larger aggregates by multiple chains
which explains the large upturn in the scattering at low Q. Further experiments are planned to elucidate the
structure of these aggregates.
These results were presented in form of a talk at the annual meeting of the American Physical Society at
Montreal in March 2004 and as a poster at the Annual Conference on Neutron Scattering at College Park, MD
in June 2004.
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Introduction
Ionomers are non-polar polymers containing small amounts of covalently bound salt groups. The aggregation of
ionomers in apolar media has been a subject of investigation for several years and it is known that the
association of salt groups can result in the formation of intra- and inter-chain aggregates in solution and
microscopically separated domains in the solid state. These aggregates can act as physical cross-links, an
arrangement that dominates the major properties of such polymers and gives rise to the application of ionomers
as thermoplastics, surface-active materials and oil viscosity modifiers. The aim of this project is the
investigation of randomly charged ionomers in non-polar solvent (toluene) where the aggregation process of the
polymer chains is favored. By the use of SANS we want to define the size and shape of the aggregates as well
as the possible formation of larger scale structures.
Experimental
The samples were polystyrene caesium sulfonate with about 1% of charged groups randomly distributed along
the chain and Mw=55000, 87000,158000. The polymers were dissolved in deuterated toluene 48 hours before
the experiments and the concentration range was 1% -30%. SANS experiments were carried out using the
spectrometer KWS1 with the sample-detector distance d = 2 m, d = 8 m and incident beam diameter 10 mm.
Standard procedures for the data treatment were used, such as detector normalization with the flat incoherent
scattering of a standard in the same experimental conditions. The absolute coherent scattering intensity was
obtained by subtracting the appropriate background and solvent scattering.
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Results
In all the samples below the overlap concentration c* (2-3% w/v) a normal shape of the scattering curves was
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obtained while for concentrations above the c* an upturn of the curve is evident at low q-range (Figure 1). This
upturn is known as Picot-Benoit [1] effect and it can define the gelation point of the sample. Guenet et al. [2]
already demonstrated a correlation between the occurrence of excess scattering and the potential for physical
gelation and the interpretation of this behavior is generally based on the concept of macromolecule association
in the form of large aggregates. We believe that in the ionomer solutions the enhanced scattering is due to the
dipole-dipole interaction of the charged groups that are getting closer in the semi-dilute regime. Such excess
scattering is attributed to frozen concentration fluctuations present in the gel on length scales that are larger
than the blob size of the reference solution at the same concentration such as heterogeneities. Medjahdi et al. [3]
described the Picot-Benoit effect assuming the existence of heterogeneities resulting from attractive potential
between the chains. The modeling of the scattering function was achieved by the use of Benoit-Benmouna
theory and an attractive potential of the form U=-fv/rexp(-r/d) was introduced, where d is a mean distance
between heterogeneities and f is a constant that represent the amplitude of the attractive potential. Although the
attraction between dipolar groups can be considered the driving force of the gelation process the first approach
to the study of the scattering curves is related to geometrical arguments. The two-correlation length DebyeBueche [4] function can be used to define density fluctuations in randomly distributed two-phases system and
can be described by the following equation:
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The SANS curves of the ionomer samples above the c* have been fitted by the equation 1) to size the
correlation length of the network [ and the larger scale structure, the characteristic length scales of which is
denoted by ;. The relationship obtained for the first one is [~I̓ –0.72r 0.03 (figure 2a) where the exponent is
slightly lower than the value –0.77 predicted from geometrical arguments in the case of semi-dilute solution in
good solvent and the ; increases with concentration by the relationship ;~I0.4r 0.05 (figure 3b) suggesting that it
is very possibly related with the size of gel clusters. In conclusion we can say that consistently with the
attractive potential acting in the system, gel clusters appear in the solution above the c* and the gel-like
structures undergo phase separation with a characteristic gel/fluid coexistence.
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Figure 1. Double log plot of the scattering
curves for polystyrene caesium sulfonate
Mw = 87000 at different concentrations.

Figure2. a) Trend of the correlation length of the network [ and b) length of
the gel clusters ; with concentration.
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A small angle neutron scattering study on semi-dilute solutions of proteoglycan aggrecan was performed.
Aggrecan is found in many biological tissues e.g. articular cartilage and has a comb-like (bottle-brush)
architecture. We studied solutions of a wide range of concentrations and this gave important and accurate
information about the ordering of these proteins in solution. Also a quantitative connection of the behavior of
this protein (aggrecan) to synthetic polymers of similar architecture was made and this gave support to our
research which focusses on the structure and dynamics of comb polyelectrolytes [1] - aggrecan being a
biological comb polyelectrolyte.
Solutions were prepared in D2O at pH 7 and the experiments were run at 2 different camera lengths (2m and
8m). At pH 7 aggrecan monomers are physically attached on a flexible hyaluronic acid chain (super-comb). A
weak structure factor peak is evident in the scattering profiles ( figure 1 ) and it corresponds to the correlation
length ȟ of the fluid ( q* ~ 1 / ȟ ). The scaling of the position q* of the structure factor peak is the one expected
for linear polyelectrolytes and it has also been found for synthetic polyelectrolyte comb systems [2]. For linear
polyelectrolytes the structure factor peak position is expected to scale as q* ~ c1/2 [3].
The position of the structure factor peak can be plotted as a function of the concentration of hyaluronic acid
monomers (since hyaluronic acid is the main-chain of aggrecan’s super-comb structure). The resulting slope is
found to be ½ within experimental error ( figure 2 ). Similarities between biological and synthetic comb
polyelectrolytes have also been found in the dynamic properties of these systems [1]. This way a picture which
connects the structure and dynamics of both synthetic and biological polyelectrolyte combs to their architecture
is being formed.

Form Version: 19.02.03

1

202

conc in w/w

10

.36 %
.63 %
.97 %
1.5 %
2.6 %
3.4 %
4.6 %
6.0 %
8.0 %

-1

Intensity (cm )

1

0.1

0.01

1E-3

1E-4
0.00

0.02

0.04

0.06

0.08

0.10

0.12

-1

q (A )

Figure 1 Small angle neutron scattering intensity from aggrecan at pH 7 in D2O.
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Figure 2 Position of the structure factor peak as a function of concentration.
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Experimental report text body
Titin is a giant muscle protein, which is responsible for the elasticity of relaxed striated muscles [1-3]. The role
that this protein plays in the sarcomere has attracted extensive biological interest over the past years to clarify
its structure and function. The flexibility of single titin molecules has been studied in the past years using a
variety of techniques such as electron microscopy, atomic force microscopy and optical tweezers yielding
information on the shape, dynamics and mechanical properties[1-4]. However, these techniques require samples
to be tethered to surfaces, which could change the observed hydrodynamics, and delicate sample preparation is
necessary to avoid damaging the individual molecules. Small angle neutron scattering offers new method for
determining the persistence length with high resolution, which do not suffer from some of the short comings of
the microscopic techniques used previously. The most important features are that the molecules are free in
solution approaching in vivo ionic conditions, and the direct signature of the chain flexibility. Thus, the solution
state of titin (c=1.31 mg/mL) in D2O T-buffer (pD=7.5) was investigated on KWS1.
Figure 1 shows the SANS intensity profile in log-log plot. SANS data were analysed using the Kratky/Porod
graphical approach [5] which allows the persistence length of the polymer to be calculated. The chain structure
is decomposed on two different levels, one corresponding to the Gaussian flexible chain regime (I(q)~ q-2) and
the other to the rod-like regime (I(q)~ q-1). The persistence length can be evaluated by the crossover q* between
the two regimes as q*=6/SLp. The intersection of the Gaussian and the rod-like regimes is found at q* =
0.050±0.008 Å-1, corresponding to a persistence length of 3.8 ±0.6 nm.
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However, the graphical approach of Kratky and Porod can be subject to ambiguities, since most systems display
a gradual rather than a discrete transition between the q-2 and the q-1 behaviour. Thus, the persistence length was
also evaluated also by fitting the data with the Sharp and Bloomfield global function [6] (Figure 2):
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This analysis gives a value of the persistence length of 6r1 nm. Note that the difference in the Lp values
calculated from the different approaches is mainly due to the uncertainty on the protein contour length. SANS
experiment confirmed optical tweezer measurements by Tskhovrebova et al.[4], which found a value of 4.6r0.9
nm for the persistence length, fitted using the freely joint chain model, confirming that the flexibility of the
chain is on the order of 1-2 domains.
100

100

10

d6/d: [cm ]

1

-1

-1

d6/d: [cm ]

10

-2
0.1

*

0.01

q

1E-3
1E-3

0.01

-1

0.1

1

0.1

0.00

1

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

-1

q[Å ]

-1

q[Å ]

Figure 5.1: Kratky/Porod plot of titin (c=1.31 mg/mL).
q* is the cross over between the Gaussian regime and
the rod-like regime. The solid lines indicate the
Gaussian (q-2) and the rod-like (q-1) regimes.

Figure 5.2: SANS data of titin. The solid line is the
best linear fit to equation 5.3.2, leading to a value of
Lp=6r1 nm.
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Experimental report text body
Background
Dispersion of single-walled carbon nanotubes (SWCNT), from the bundled form in which they are often
produced, is one of the crucial steps in their processing into useful articles which realize their superior
molecular properties. Indeed, much research is currently directed at attaining stable high-quality SWCNT
dispersions in a variety of solvents. Several methods have shown some degree of success: side- wall
functionalization, adsorption of surfactants and solubilization by adsorption of amphiphilic polymers. The use
of polymers may also provide a bridge to suitable interaction between nanotubes and a surrounding polymer
matrix, in applications of SWCNTs as reinforcements in composite materials. Recently, a “polymer wrapping”
model has been presented, whereby the polymer is tightly wrapped about the nanotube. Alternatively, we
suggest that successful dispersion of nanotubes by polymers requires a rather loose adsorption, so that the
polymer coil surrounding the tubes form steric hindrance to re-aggregation.
Objectives
The objective of this project is to study the state of aggregation of single-walled carbon nanotubes (SWCNT) in
aqueous dispersions formed by interactions with amphiphilic polymers.
We seek to answer the following specific questions:
x Does the dispersion consist of isolated nanotubes or rather small bundles?
x How does the dispersant adsorb on the nanotube surface?
x What degree of coverage is required?
x Can the results be related to the stabilization mechanism?
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Experimental Note
SANS measurements were conducted at KWS1. The elongated feature of carbon nanotubes and the polymers
adsorbed on them required the 20m smaple-detector distance, and long measurement time. Measurements at
several D2O/H2O ratios in the dispersing medium were required to verify the structural model, as were simillar
measurements of the bare polymer. Two dispersing polymers were studied: Gum Arabic (GA) and altenatnig
copolymer of styrene and maleic annhydride, hydrolyzed stoichiometrically with NaOH (termed “Polysoapstyrene”- PSSty). The measurments could not be finished in a single experiemental term, thus two proposals treat
the same subject, KW1-03-029 and KW1-04-015.
The present report treats the dispersion of carbon nanotubes in water by Gum Arabic (GA)
Results
The scattering patterns of the SWCNT/GA dispersions and bare GA in two different D2O/H2O mixtures are
shown in Figure (a) below. GA is a highly branched polysaccharide with charged groups near the branch ends.
Its chemical structure and shape are rather complex. The scattering pattern of GA is characterized by a peak,
attributed to inter-correlation between spheroidal “aggregates”. Figure (b) below shows the subtracted data for
the SWCNT/GA dispersions. The solid lines in Fig. (b) are a fit of a modification of the scattering model
derived by Pedersen for cylindrical block-copolymer micelles containing a solid core and polymer “hairs”
emanating from it. The modified form factor for the nanotube/polymer hybrid FHYB contains 3 structural
parameters: the radius of the cylindrical core R, the gyration radius of an adsorbed polymer coil Rg and the
number of chains adsorbed per unit length of the core Nagg, as shown in Figure (c) below.
2
2
FHYB ('E ) core
Fcore (q )  N agg ('E ) chain
Fchain (q )
2
 2 N agg ('E ) core ('E ) chain S corechain (q)  N agg ( N agg  1)('E ) chain
S chain chain (q )

The results of model fit, shown in the table above, verify that the polymers are adsorbed as loose coils on the
nanotube surface and that steric (entropic) repulsion is important for successful nanotube dispersion.
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Experimental report text body
Our first aim was to compare the native and thermal denatured states of BPTI. Thus we have so measured I(q)
between q 0.01Å-1 and q 0.17Å-1 at two temperatures: 22°C (native state) and 90°C and for four
concentrations of BPTI: 10, 15, 20 and 33mg/ml (The data for 33mg/ml are unusable because of their too high
concentration). Then we have fitted these spectra with a Guinier law and thus obtained the radius of gyration
§ q ² * R g2 ·
¸
Rg. An example is given in figure 1.
Guinier law : I(q) I(0) * exp¨¨ 
3 ¸¹
©

Figure 1. Example of a spectrum fitted with a Guinier law.

Figure 2. Rg-2 as a function of [BPTI] at two temperatures:
22°C (blue) and 90°C (red)
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Since R-2 is linear with the concentration, we can easily extrapolate the radius of gyration at null concentration
R0 for the two temperatures as shown in figure 2.
We found the following results:
At 22°C: R0 = 10.7 r 0.5 Å-1
At 90°C: R0 = 9.1 r 0.2 Å-1
If we look at the figure 3, we can see that I(q 0) (deduced from Guinier fit) is lower at 90°C than at 22°C. This
decrease is larger at high concentration than at low concentration (there is no observable decrease for 5mg/ml).
Indeed, a small part of the BPTI gave aggregates and formed a deposit. This macroscopic deposit did not
contribute to I(q) in the q range of our measurements.

Figure 3. I(q 0) as a function of [BPTI] at 22°C(blue) and at 90°C(red)

Because of the lack of statistics of the spectra, we are not able to give a precise determination of the reduction
of the radius of gyration, but we can say that this reduction is larger or equal to 1Å.
One can object that the observed reduction of the radius of gyration is an artifact caused by the aggregation. But
this reduction is observed even for the sample at 10mg/ml, in which there is no aggregation (I(q 0) did not
decrease).

In conclusion, we have found a reduction of the radius of gyration of at least 1Å for BPTI heated up to 90°C.
This reduction is unusual with proteins. Indeed, at high temperature, proteins usually adopt a polymer-like
conformation, which go together with an increase of the radius of gyration. This paradox is under way to be
explained by other experiments.

Our second aim was to study chemical denatured states of BPTI. Thus we had prepared samples of BPTI with
guanidinium thiocyanate and dithiothreitol. But a very strong aggregation occurs and makes the corresponding data
unusable.
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Experimental report text body

The aim of this experiment is to establish the exact nature of the mesophase of the copolymer depicted in the
figure 1, and explicit the influence of the chemical structure of the copolymers on the characteristics of the
mesophase.
CH2

CH

0,55

CH2

CH3

CH 0,45

CH2 ClN+ CH3
CnH2n+1

Figure 1. Scheme of the copolymer structure. The size of the alkyl side chains varies from 12 to 18
carbons.
The SANS spectra revealed a Bragg diffraction peak and its second and third harmonics which is expected
for lamellar mesophases, a typical result is shown on figure 2.
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Figure 2. SANS spectrum of a solution of poly(styrene-co-VBC quaternized) (DP = 100, I= 12%)
Moreover, the dilution law which has been established by following the variation of the distance associated
to the Bragg peak (D = 2S/q0) with the polymer volume fraction (figure 3) confirms the lamellar nature for the
mesophase since it is a monodimensional one.
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Figure 3. Dilution laws measured by SANS for the poly(styrene-co-VBC quaternized) with various
degrees of polymerization.
The slope of the dilution laws allows us to measure the thickness of the lamellas (G). Gequals 27 Å which is
compatible with the formation of bilayers. A nice result is that this thickness does not depend on the number
average polymerization degree as shown on figure 3.
Influence of the size of the alkyl side chains.
We have also studied the influence of the alkyl length on the dilution law and it appears that there is no
systematic effect on the swelling of the lamellar mesophase, D still vary linearly with 1/I , the bilayers
thickness remains the same (į = 27 Å) (figure 4).
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figure 4. dilution laws for amphiphilic copolymers modified with different n-alkyl lengths (DP = 100, n
=12, 14 and 16)
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Experimental report text body
The goal of the experiment was to provide information on the aggregation behavior of aqueous solutions
of some polyfunctional alcohols - pentanediols, hexanediols, and octanetriols. Many thermodynamic data, and
earlier scattering experimental data indicated the strong aggregation of these non-ionic amphyphilic molecules
in water, usually above certain critical micelle concentration. In all previous works the aggregation of the diols
was desribed as micelle formation, and models of interacting spherical micelles were used to explain the light
scattering and neutron scattering data. In recent SANS studies of some surfactant like molecules,
butoxyethanol, heptanediol, a new view on the aggregation was proposed, that is the mixing of the surfactants
with the water can be regarded as random composition fluctuations that can be described in the framework of
statistical thermodynamics, and related to the behavior of the free energy of mixing. This kind of interpretation
makes it possible to handle these solutions of nonionic surfactants in a more general way. In order to test this
assumption, it is necessary to measure the structure of the aggregates, e.g. by SANS.
We performed a series of measurements on various diol solutions at several temperatures and
compositions, and found that the scattering curves can be adequately described by the Ornstein-Zernike
structure factor, although there are small deviations from this form when looking closer to the fits.
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The typical scattering patterns measured on hexanediol solutions are shown in Figures 1 and 2. The
model curves are seen to match rather well the experimental data. The Ornstein-Zernike model seems to be
valid for all the studied systems, nevertheless small deviations are found between the model curves and the
data. Using and testing of various models requires precise experimental data over a wide q-range. We
measured the same systems on the KWS-2 and on the SANS instrument in Budapest, the latter covers a q-range
up to 0.45 Å-1 . Simultaneous modeling of data on two instruments is usually problematic if subtle variations in
the form of the scattering curves are looked for. The application of the same model separately for the datasets
collected on the two instruments gave similar results. Difficulties can also arise when comparing the data
measured on one instrument at different sample-detector ranges. In the present measurements, there was a
problem with matching of the intensity scales; for achieving a better overlap, the data had to be shifted by an
average value of five percents for the different setups. Such an arbitrary scaling improves the quality of the fit,
but it can as well introduce additional uncertainty if the proper form of the scattering model is to be determined.
The studied systems were solutions of 1,2-diols with both OH groups in one end of the chain, and 1,Ȧdiols with the hydroxil groups at the opposite ends. It was found, that the diol aggregation is much more
pronounced for the 1,2-pentane and 1,2-hexanediol. This can be attributed to the micelle-formation tendency of
these surfactants, while the 1,Ȧ-diols can form more loosely connected aggregates.
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Experimental report text body
Our experiment on wild type PKR, a kinase that plays an important role in the human immune system was
conducted in Juelich between January 30 and February 5. Thanks to the support from the EU, the Institut fuer
Festkoeper-forschung and especially the beamline director Dr. Schwahn we obtained the following quantitative
information.
1) We measured different fractions of the wild type PKR with distinct biochemical characteristics. They
showed no aggregation and they all existed in the form of a monomer in neutral pH and in low ionic strength.
The radius of gyration (Rg) of the different fractions was between 46 and 50 Å, a value consistent with that of a
mutant of the same molecule, 53 Å, measured previously. The results indicated that PKR is a highly elongated
protein molecule significantly different from other proteins of similar molecular weight (e.g. hemoglobin has an
Rg of 24 Å). They also confirmed that the shape of the molecule was not significantly changed due to the
mutation at a critical site. To our knowledge, this is the first small angle scattering measurement of wild type
PKR. The highly elongated molecule accounted for our difficulties in crystallization of PKR alone, whether
wild type or mutant.
2) PKR formed dimers in the same solvents, if it was previously treated with phosphatase, an enzyme that
removed all the phosphorylation. This phenomenon has not been observed in conventional biochemical assays.
The dimer has a molecular weight of 158 K and an Rg of 86 Å. This new finding baffled the biochemists in our
department who could hardly conceive that dephosphorylation resulted in the formation of dimer. However, the
quantitative results pointed to this conclusion beyond any reasonable doubt. Nevertheless the reproducibility of
the result needs to be confirmed and we need to conduct the same experiment before we can report this newa sn
surprising observation.
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3) All fractions of PKR or of the dimer formed after dephosphorylation did not interact with HIV TAR double
stranded RNA, in the same buffer. This was contradictory with our observation using gel chromatography,
which suggested limited interaction at a ratio of one protein to 1.4 dsRNA. Using this ratio and with a high
concentration of precipitant we succeeded in the first crystallization of the complex of these two molecules.
However, we could not reproduce the same crystals. This indicated that either something was missing or the
conditions we used were not the same as those in the SANS experiments. We therefore need to perform
further experiments to look for better conditions for the formation of complex.
Along this line, a titration of dsRNA into protein solution should also be done to make sure the 1:1.4 ratio was
the most appropriate one for the complex formation. In our last experiment, we did not have sufficient time for
the contrast variation titration experiments.
4) All fractions, including the dimer, formed stable complexes with the same TAR dsRNA if a low
concentration of non-ionic detergent was added to the buffer. The molecular weight of the various complexes
ranged from 141 K to 200 K depending on the status of protein molecules before the detergent was added. This
confirmed our results using biochemical assays in our laboratory. This will open up new horizons for the
crystallisation of the protein-dsRNA complex, which is proving to be a formidable undertaking for protein
crystallography. However, further contrast variation experiments are now required to confirm that the
complex formed was indeed the protein-dsRNA complex, and not just polymerization of protein molecules.
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Experimental report text body
Since a few years, magnetite (Fe3O4) is used as filler for plastic and rubber. Magnetite is a ferromagnetic
material, meaning that it behaves as a “soft” magnet: the material will become magnetised in an external
magnetic field but cannot be made into a permanent magnet. The ferromagnetic properties of magnetite filled
compound can therefore be used in applications where parts have to be moved or held in position by external
magnets or in applications where the compound has to be easily detectable.
Several studies report about the thermal, electrical and magnetic properties of magnetite compounds with
polypropylene [1] and the processing of magnetite in polypropylene and polyamide [2,3].
To our knowledge, no small angle scattering has been performed on such systems. SANS would give important
information to help to understand the properties of such materials: one could extract information about the
incorporation of the particles in the matrix (presence of eventual aggregates), concerning the size of the filler,
about the interaction between particles as a function of the concentration, the influence of a magnetic field,
etc…
The particles we are using for these tests measurements have a size of about 100Å and are coated by a nonmagnetic surfactant shell whose chemical composition and size are unknown.
Unfortunately, the particles are unstable in toluene solution: some particles are immediately deposited after the
preparation of the solutions (the non-coated ones) and some are depositing as a function of time due to the
instability of the coating layer (see in Figure 1, the scattering cross-section as a function of time in the q-range
of the particle size), which hinders any characterization of the particles.
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Figure 1: scattering cross-section as a function of Figure 2: scattering cross-sections (0.006<q(Å-1)<0.04)
time for a solution of magnetite particles in d- of a solution of magnetite particles in THF (c = 12
toluene (c = 12 mg.cm-3)
mg.cm-3) under magnetic fields (direction n)
In a second step, we performed some tests on the behavior of the magnetite particles under external magnetic
field.
We have incorporated some magnetite particles in polyisoprene matrices at different concentrations (1 to 50%
w). SANS measurements performed without and with an external magnetic field (1 T) applied perpendicular to
the incident neutron beam on these melts provide identical isotropic differential scattering cross sections. This
shows that for these systems the magnetic scattering is negligible compared to the nuclear one, and that no
alignment of the particles occurs in melt (due to the high viscosity of the matrix), even under strong magnetic
field (1T).
To do so, the particles have to be dispersed in a medium which has an appropriate viscosity: it should be
viscous enough to avoid the sedimentation of the particles, but not too viscous to allow the alignment of the
particles in the field.
The scattering properties are not expected to be changed if the polymer is progressively replaced by an
appropriate solvent : the difference of the scattering length density of PI (0.26 1010 cm-2) and THF (0.18 1010
cm-2) is negligible compared to the difference of the one of Fe3O4 (6.96 1010 cm-2) and PI. Therefore, viscous
solutions of PI in THF are good candidates to disperse the particles in, and SANS experiments will mainly
deliver information on their dispersion state.
Magnetite particles have been dispersed in solution of PI in THF whose viscosities were varied between both
extremes (concentrations of particles :12 mg.cm-3). Under a small external magnetic field (6 mT), the particles
precipitated immediately in all the cases, except for the solutions in pure THF and the pure melt. The
application of a magnetic field seems to accelerate the precipitation process of the particles that were maybe not
well dispersed in the polymer solutions.
The magnetite particles in THF solution have been submitted to 2 external magnetic field (of 6 mT and 11 mT,
respectively) applied perpendicular to the incident neutron beam. The anisotropy of the 2-D scattering crosssections obtained in the range 0.006 < q (Å-1) < 0.04 (Figure 2) shows that the particles can be oriented in a
magnetic field, and that the orientation depends on the magnetic field (anisotropy of 1.1 for the 6 mT field, and
1.4 in the case of the 11 mT field).
The results obtained in these tests measurements are promising, but show also the importance of the layer
coating the particles and of the sample preparation.
[1] P.L. Duifhuis, B. Weidenfeller and G. Ziegmann, Kunstoffe 91 (2001) 11, Nov., p102-104.
[2] P.L. Duifhuis and J.M.H. Jansen, Plastics Additives and Compounding, Vol. 3, Issue 11, Nov.2001, p14-17.
[3] P.L. Duifhuis and B. Weidenfeller, Kunstoffe 92 (2002) 8, p64-67.
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Experimental report text body
Controlling the in vitro formation of nanostructures with predicted properties is a global aim of
biomineralization science. The early stages of mineralization are a crucial period in the formation of minerals,
which greatly determines the morphology, and structure of the nanoparticles in their final stage. Therefore,
monitoring the process of mineralization during the early stages and its real-time controlling are important for a
principle understanding. Small angle neutron scattering technique is a powerful tool for those in vitro
controlling of size and morphology.
In our SANS measurements we studied CaCO3 mineralization in water in the presence of the protein
Ovalbumin at the contrast condition of 40% D2O when only the crystalline calcium carbonate phase contribute
to the scattering. Figure 1 shows the corresponding scattering patterns after 4, 7, and 10.5 h of mineralization.
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Figure 1: Scattering curves from mineralization in the 40% D2O solution. In this solution only the crystalline polymorphs are
visible. Besides the large particles also small particles appear.
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Here, a bimodal size distribution of large and small particles
becomes visible. From the larger particle we only can
determine Porod’s constant which decreases and approaches
a constant value after 8 hours. The fit parameters of the
smaller particles, namely d6/d:(0) and Rg, are depicted in
Figure 2; they become visible after 4 hours, their size
increases to about 140Å and stays constant after 7 hours. The
extrapolated scattering at Q=0 d6/d:(0) first increases,
reaches its largest value at around 8 hours after starting the
mineralization and then decreases because of the dissolution
of these particles at a constant Rg. This scattering could come
from “free” particles representing minerals of crystalline
morphology, which superimpose incoherently (e.g. their
intensity is added) to the scattering. The formation of these
small particles probably represents a homogeneous
nucleation and growth process of crystalline CaCO3 occuring
between 4 and 10 hours, which the same period when the
“second” process of mineralization is visible.
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Figure 2: Parameters from small particles from
scattering as depicted in Figure 1. This scattering
reminds us to mineralization in clean solvents.
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In figure 3 the scattered intensity integrated within the limits of 0.0022 to 017 Å-1 is depicted at the contrast
conditions of 0, 74, 82 and 100% of D2O. At light and heavy
140
water conditions all polymorphs of CaCO3 contribute to the
120
scattering. But at the 74 and 82% D2O solutions the vaterite
100
and aragonite polymorphs are matched, respectively. A peak
H2O
80
representing the amorphous polymorph becomes visible after
D2O
60
around three hours while the minimum for the 74% D2O
40
solution after four hours is identified as the vaterite
20
polymorph. Aragonite seems the stable phase in this study,
0
which was stopped after 12hours.
20
74% D O
2

82% D O
The principle result of this study is a clear identification of
15
the first mineralization process as an amorphous mineral
polymorph, which starts to build up after about 1.5 hours,
10
getting its maximum volume fraction between 2.5 and 3
Amorphous
5 CaCO
hours and then dissolves between after 4 and 5 hours; the
second process of mineralization seems to represent a
Vaterite
0
homogeneous nucleation process. The sequence of formation
0
2
4
6
8
10 12
of amorphous to vaterite and aragonite polymorphs are in
Time [h]
consistence with the kinetic picture of mineralization as
discussed by S. Mann in Ref. [1].
Figure 3: Integrated scattered intensity within the
2

3

integration limits of 0.0022 to 017 Å-1. The peak from
the amorphous polymorph becomes visible after around
three hours and after four hours the minimum for the
74% D2O solution identifies the vaterite polymorph.
Aragonite seems the stable phase in this study, which

[1] S. Mann, Biomineralization; Principles and Concepts in Bioinorganic Materials Chemistry; Oxford University Press, Oxford
2001.
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Experimental report text body
Sometimes gels are used as a matrix to encapsulate enzymes with the purpose to produce composite materials
used as biological component in biosensor design.
Frequently the entrapment of the protein provokes
distortions in the polymer network [1] which influence
the biosensor response.
The aim of our work is to investigate such changes in
polyacrylic microgels with different cross-linking
content (0.25, 0.5, 3 and 5 % cross-linker/polymer) in
which Glucose Oxidase (GOx) was immobilized. In
order to produce contrast for the neutron scattering
measurements, the networks, made of protonated
polymer were swollen in deuterated water. The
scattering of the 3% cross-linked microgel particles with
and without entrapped GOx is presented in Fig. 1. For
the other crosslinking contents the scattering patterns
present similar features, they superimpose at high q and
Fig. 1.
show differences in the low q-region.
Isotropic polymer gels are generally described using the semi-dilute solution polymer model [2-3] characterized
by one single correlation length, defined as the typical size [ of the fluctuations of polymer concentration,
which is roughly equal to the average distance between interchain contact points. According to this model, for
q[<1 the scattering intensity is given by an Ornstein-Zernike type function I(q)=I(0)/(1+q2[2). From the plot
1/I(q) versus q2 the value of [ can be obtained.
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However, on the contrary to the behaviour observed in polyacrylamide microgels [4], in this case the 1/I(q)
representation gives an horizontal line (see Fig.2) which indicates that these microgels don’t fulfil the
condition q[<1. In the low q region the scattering curves for gels with polymer volume fraction I, can be
described (see Fig.1) by an expression of the type I(q) v I q-dF similar to the intensity scattered from fractals of
dimension dF which is valid for 1/R<<q<<1/a where R is the overall dimension of the microgel and a is the size
of the building block of the structure (polymer segment).

Fig. 2

Fig.3

From the slope of the log-log plot (Fig.1) the fractal dimension dF is obtained in both cases, for particles with
and without entrapped GOx. The fractal dimension decreases with the cross-linking as is shown in Fig.3. The
micrograph presented in Fig. 4 illustrates the fractal appearance of the particle surface observed with SEM.

Fig. 4.

Fig. 5.

We show in Fig.5 typical examples of scattering spectra of microgel particles with 3% cross-linking content at
maximum swelling in solutions with three different pH values (3.0, 7.0 and 10.0). As can be seen in Fig.5 the
influence of the pH in the scattering intensity of these polyacrylic microgels is very small.
References
1.- E. Lopez Cabarcos, B. J. Rubio Retama, B. Lopez Ruiz, M. Heinrich, A. Fernandez Barbero, Physica A
(2004) 344, 417
2.- A. Suzuki, T. Tanaka, Nature (1990) 346, 345
3.- M. Shibayama, H. Takahashi, S. Nomura, Macromolecules (1995) 28, 6860
4.- A. Fernandez Barbero, A. Fernandez Nieves, I. Grillo, E. Lopez Cabarcos, Phys. Rev. E (2002) 66, 051803
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Experimental report text body
Within the last three decades various polymeric colloidal particles have been extensively studied for a possible
biomedical use as novel drug delivery systems. These systems are designed to control the release of
pharmaceutical components (e.g. anti-tumor agents like taxol) for a predetermined time and sometimes at a
preferred pharmacological site, to reach an effective drug rate at the target site and to reduce side effects. The
most methods used to vehicle anti-tumor drugs to solid tumors are the conjugation of the drug to a
macromolecular carrier (1) or the incorporation of these agents into liposomes (2) or micelles (3,4).
The most important conditions for the use of micelles as a drug delivery vehicles are: a good structural stability
of these carriers in the circulation and a smaller size. By using block copolymer surfactants, both requisites are
satisfied because these polymers aggregate into micelles at very low critical micelle concentrations (CMC~10-610-8M) and the diameter of the micelles are varying generally between 15-200 nm. The low CMC is particularly
important because these micelles will be in a medium of almost infinite dilution upon intravenous injection,
while their smaller size is in favor of accumulation of the drug at the tumor site.
In the present SANS experiments performed using KWS1 instrument, we investigated the structural properties
of polymeric micelles in aqueous solution formed by biodegradable block copolymers based on PEG as a
hydrophilic block and poly(N-(2-hydroxypropyl) methacrylamide-dilactate) (pHPMAmDL)) as a
thermosensitive block. As seen by Cryo-electron microscopy, these block copolymers form spherical micelles.
To have a contrast in neutron experiments, pHPMAmDL was partly deuterated while PEG was fully
hydrogenated. The molecular weight of PEG was maintained constant (Mw=5kDa) while two molecular
weights of the core block were synthesized (Mn § 10 and 12kDa).
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The micelles were measured in dilute regime (2% concentration) in neutral solution at 37°C and the SANS
pattern were analyzed by a spherical core-shell model which has been shown suitable model for the structural
characterization of this type of micelles. The measurements were carried out under various contrast conditions
(D2O/H2O mixtures) ensuring contrast matching with either the pHPMAmDL core or the PEG shell. A typical
fitting example of (12kDa/5kDa) sample at 37oC is shown in Figure 1. The core’s (shell’s) size was found to be
21.2nm (12.1nm) and 15.1nm (15nm) for (12kDa/5kDa) and (10kDa/5kDa) samples, respectively. The micelles
have an aggregation number (Nagg) of 2697 and 1132, respectively. These two parameters lead to the surface
area per PEG chain at the core/shell interface Sc/Nagg (at the periphery, St/Nagg) of 2.09nm2 (5.2nm2) and
2.5nm2 (10.1nm2) for (12kDa/5kDa) and (10kDa/5kDa) samples, respectively. This concludes that the shell
polymers are still reasonably stretched when the molecular weight of the core chains decreases from 12kDa to
10kDa

1000
o

pHPMAmDL-b-PEG (12kDa/5kDa) @ 37 C
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Figure 1. SANS cross sections for 2% concentration of 12kDa/5kDa sample at 37oC under three different
contrast conditions (core, shell and interference solvent mixtures) fitted with core-shell spherical model.
Furthermore, the temperature does not show any strong effect on the internal characteristic parameters of the
micelles when it is changed from 37°C to about 4°C.
It was demonstrated that the cloud point (CP) of pHPMAmDL increased in time, due to hydrolysis of the lactic
acid side chains. It was also shown by DLS that the pHPMAmDL-b-PEG micelles formed at 37°C gradually
swell and eventually dissolve due to the hydrolysis of the lactic acid side chains, by which a drug that is loaded
in the hydrophobic core is released into the environment. New SANS experiments were performed to
investigate the degradation effect on the micellar structure and the measurements, which are still under analysis,
show promising results.
Reference:
(1) Van Heeswijk, W.A.R.; Hoes, C.J.T.; Stoffer, T.; Eenink, M.J.D.; Potman, W.; Feijen, J. J. Control. Rel. 1985, 1, 301.
(2) Forssen, E. Adv. Drug Delivery rev. 1997, 24, 133.
(3) Yokoyama, M.; Inoue, S., Kataoka, K., Yui, N.; Sakurai, Y. Makromol. Chem. Rapid Commun. 1987, 8, 431.
(4) (a) Neradovic, D.; Hinrichs, W.L.J.; Kettenes-van den Bosch, J.J.; Hennink, W.E. Macromol. Rapid Commun. 1999,
20, 577–581. (b) Neradovic, D.; Soga, O.; Van Nostrum, C.F.; Hennink, W.E. Biomaterials 2004, 25, 2409. (c)
Neradovic, D.; Van Nostrum, C.F.; Hennink, W.E. Macromolecules 2001, 34, 7589. (d) Neradovic, D.; van Steenbergen,
M.J.; Vansteelant, L.; Meijer, Y.J.; van Nostrum, C.F.; Hennink, W.E. Macromolecules 2003, 36, 7491. (d) Soga, O.; van
Nostrum, C. F.; Ramzi, A.; Visser, T.; Soulimani, F.; Frederik, P. M.; Bomans, P. H. H.; Hennink, W. E. Langmuir, 2004,
20, 9388-9395.

Form Version: 19.02.03

2

223

Institut für Festkörperforschung
Forschungszentrum Jülich GmbH
D-52425 Jülich

Experimental Report
of Neutron Scattering Experiments
at the FRJ-2 Reactor
Proposal number:

KW1-04-006

Experiment title:

Silica-based nanoparticles and their interactions with PDMS melts

Dates of experiment:

Date of report:

21 January 2005

9-11 November 2004
Experimental team:
Names
Cécile Dreiss

Addresses
School of Chemistry, University of Bristol
Cantock’s Close
Bristol BS8 1TS
UK

Terence Cosgrove

School of Chemistry, University of Bristol
Cantock’s Close
Bristol BS8 1TS

Local Contact:

Wim Pyckhout-Hintzen

Experimental report text body
Background and Objectives
A fundamental use of silicate based nanoparticles is as modifiers for polymers such a poly(dimethylsiloxane)
(PDMS), where strong interactions between the two components have been observed [1]. The mobility of
polymeric chains in the melt has been studied extensively, both theoretically [2] and experimentally [3].
Nuclear magnetic resonance (NMR) relaxation experiments are particularly well suited to such investigation
[4,5]. In a recent study [6], T2 measurements of silica-filled PDMS mixtures revealed that the presence of the
filler particles dramatically changed the mobility of the polymer chains. For particle loadings above 25wt%,
most of the polymer segments in the system experienced some degree of restricted mobility. This effect was
molecular weight dependent and more marked for the higher molecular weight chains. The incorporation of
silica in PDMS was also found to affect the ability of the melt to crystallize [7], which is another indication of
the interaction of the filler surface with the polymer chain. Recently, we reported extensive NMR experiments
in combination with rheological measurements [8,9] on concentrated dispersions of trimethylsilyl-treated
polysilicate nanoparticles in both high and low molecular weight PDMS. The interactions in these systems are
complex and the data revealed a wide range of behaviours dependent on particle size, molecular weight of the
polymer and particle loading. Low molecular weight PDMS was reinforced by increasing concentrations of
trimethylsilyl-treated silicate particles, while in higher molecular weight PDMS melt, the particles were seen to
first solvate the polymer and then reinforce it at high particle loading (the viscosity goes through a minimum).
Similarly, smaller-sized modified silica particles were shown to act as a solvent for PDMS, while larger
particles reinforced the polymer matrix.
The objective of this broad project is to measure the particle-particle structure factors in filled polymeric
systems to gain an insight into these complex polymer-mediated interactions. In particular, we wish to
investigate the influence of the ratio of the size of the particles and the polymer.
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The purpose of this specific experiment was to compare the interactions in pure solvent media with those in the
melt and to study the influence of the polymer molecular weight on the inter-particle structure factor.
Material/Experimental set-up
A series of fractionated trimethylsilyl-treated polysilicate nanoparticles was available, offering a wide range of
molecular weights and therefore particle sizes. The resins were first characterised in solvent media (deuterated
toluene). They were then dispersed at various concentrations in deuterated PDMS, offering significant contrast,
for two molecular weights of the polymer.
A wide Q-range was covered by using 3 different sample-detector distances (2m, 4m and 8m) and a wavelength
of 7 Å. An extra configuration was measured for some samples to extend the range to the highest Q possible
(1.25m, 5 Å).
Results
In this experiment, we focused on the smallest filler-particles (molecular weight 2440 g/mol), as they were
better defined in size and shape. The nanoparticles were first dispersed in deuterated toluene in dilute
conditions. From the scattering of the dilute suspension, the particles were characterised; they are relatively
monodisperse spherical particles with a radius of 8 Å. Solutions were made at a higher loading 32% v/v. A
good signal was obtained. Curiously, the influence of the structure factor was hardly visible and the data could
not be described by a simple hard-sphere model. A possible explanation is that filler- particles are so small that
they could act as a solvent. Furthermore, due to their very small size, the inter-particle distance at high volume
fractions is also very small. Hence in order to detect the effect of the structure factor with more certainty, it
would be beneficial to extend the measurements to even higher Q.
The particles were then dispersed in deuterated PDMS of two very different molecular weights: 15700 g/mol
and 123000 g/mol at varying particle concentration. The effect of the concentration was evident, but no clear
structure peak was visible, even at the highest concentration used. Varying the molecular weight did not affect
the interactions. Current work is aimed at finding a suitable model to fit the data and compare the interactions in
the polymer melt with those in solvent media. We will also look at the interactions obtained when using larger
filler-particles.

(1) Chahal, R. S., and St. Pierre, L. E., Macromolecules 1969, 2, 193-197.
(2) Brereton,M.G., Ward, I. M.; Boden, N., Wright, P., Macromolecules 1991, 24, 2068-2074.
(3) Cosgrove, T., Griffiths, P.C., Hollingshurst, J., Richards, R.D.C., Semlyen, J.A., Macromolecules 1992,
25, 6761-6764.
(4) Litvinov, V.M., Spiess,H.W., Makromol. Chem., Macromol. Symp.1991, 44, 33-36.
(5) Cosgrove, T.; Griffiths, P. C. Adv. Colloid Interface Sci. 1992, 42, 175-204.
(6) Cosgrove, T., Turner, M.J., Thomas, D.R., Polymer 1997, 38, 3885-3892.
(7) Ebengou, R.H., Cohen Addad, J.P., Polymer 1994, 35, 2962-2969.
(8) Cosgrove, T., Roberts, C., Choi, Y., Schmidt, R.G., Gordon, G.V., Goodwin, A.J., Kretschmer A.,
Langmuir 2002, 18, 10075
(9) Cosgrove, T., Roberts, C., Garasanin,T., Schmidt, R.G., and Gordon G.V., Langmuir 2002, 18, 10080-0085

Form Version: 19.02.03

2

225

Institut für Festkörperforschung
Forschungszentrum Jülich GmbH
D-52425 Jülich

Experimental Report
of Neutron Scattering Experiments
at the FRJ-2 Reactor
Proposal number:

KW1-04-007

Experiment title:

Structural study of a novel class of contrast agents for using in Magnetic Resonance
Imaging techniques

Dates of experiment:

th

th

Date of report:

31st January 2005

14 -17 May 2004
Experimental team:
Names
Prof. Luigi Paduano

Addresses

Gaetano Mangiapia

Università degli Studi di Napoli “Federico II”, Dipartimento di Chimica,
Complesso universitario di M.S. Angelo, Via Cinthia, 80126 Napoli, Italy

Local Contact:

Dr. Aurel Radulescu

Università degli Studi di Napoli “Federico II”, Dipartimento di Chimica,
Complesso universitario di M.S. Angelo, Via Cinthia, 80126 Napoli, Italy

Experimental report text body
The purpose of this research project has been the development of new high-relaxivity Magnetic Resonance
Imaging (MRI) contrast agent with high specificity for particular tumor pathologies. Currently, in order to have
well-defined images by MRI, contrast agent formed by Gd complexes are often used. Such compounds,
however, does not have any specificity, i.e. when injected they spread out in the body and furthermore they
exhibit a small value of the water relaxivity (~ 6 mM-1s-1). This is a key parameter in order to have an
improvement of the MRI image. Higher value of the water relaxivity can be reached if Gadolinium is placed in
large and compact complexes. On these basis we have designed mixed micelles and vesicles formed by the
bioactive peptide CCK8 (the bio-specific probe) able to target the micelles on cholecystokinin receptors that are
known to be overexpressed by many tumours, and a chelate molecule (DTPA) able to carry a large number of
Gd ions (contrast agent) to highlight the presence of such tissues. These aggregates should fulfill both tasks:
specificity (they should be able to “bind” to the cholecystokinin receptors) and efficiency (they should give a
high relaxivity value). The two “active” moieties were tied to a double alkylic chain, in order to have surfactant
molecules with good tolerance toward human body. Furthermore, as well known, double tail surfactants, if
appropriate treated, form large aggregates such as vesicles. In the present part of our research project, we have
studied samples with the purpose to obtain both micelles and vesicles. All molecules have been synthetized at
University of Naples, “Federico II” – Interuniversitary Center for Bioactive Peptides, and are named as
(C18)2DTPAGlu and (C18)2CCK8.
Figure 1 show some of the SANS data obtained for the systems (C18)2DTPAGlu–D2O and (C18)2DTPAGlu–
(C18)2CCK8-D2O. Correspondent systems containing Gd3+ have also been analyzed. The figure shows the
scattering profile of two samples containing the same amount of compounds, one of which was extruded. For
extruded solutions, scattering cross sections in the low q region scale with a power law dV d : ~ q 2 typical of
the presence of sheets: on the q scale of the SANS measurements performed the vesicles may be regarded as
randomly oriented infinite planar sheets of thickness Ĳ. For non-extruded solution SANS data scale, in the low q
region, with a power law dV d : ~ q 1 characteristic of the presence of elongated micelle aggregates, i.e.
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non-extruded solutions containing species at the same concentration. This observation allows concluding that,
in case of extruded solutions, there is coexistence between micelles and vesicles. In order to extract quantitative
parameters from SANS data we have expressed the scattering cross section as a sum of a term expressing the
scattering of sheets and a term proper of the scattering of cylinders (with a form factor of a cylinder and a
structure factor S(q) of the equivalent charge sphere), neglecting the interference term between the two kinds
of aggregates
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where R and l are respectively the radius and the height of cylinders, while S is the area of sheet per unit
volume of sample. Obviously, for non-extruded solutions the scattering term of the sheets has been suppressed.
Table 1 shows the results obtained through the fitting of previous equation to the experimental data. Assembled
molecules form cylinders with a quite large aggregation number (~ 100). It is presumable that surfactants
composing micelles are disposed with their tails parallel to cylinder axis, since radii values found are quite
similar to the length of spherical micelles formed by the corresponding monotailed molecules synthetized and
characterized in a previous experiment. The charge density fraction of micelles is ranged from 10% to 20% of
the nominal charge.
SANS measurements have also allowed getting the value of the vesicular thickness that oscillates from 70 Å
and 90 Å depending on the system. In all cases the structural parameters extracted from SANS data confirm a
complete exposure of the bioactive CCK8 moiety from the surface of aggregates.
Figure 1. – SANS data obtained at 25°C for the following systems:
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dV
d:

cm 1
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 (C18)2DTPAGlu (0.00592 mol kg–1) – D2O (extruded)
 (C18)2DTPAGlu (0.00701 mol kg–1) – D2O (non extruded)

q 1

1

q 2

Curves presented have been obtained from the fitting of the model
described in the text to the experimental scattering cross sections.

0.1

0.01

1E-3
1E-3

q
Å 1
0.01

0.1

System
(C18)2DTPAGlu (0.00701 mol kg–1)– D2O
(C18)2DTPAGlu (0.00601 mol kg–1)
– (C18)2L5CCK8 (0.00382 mol kg–1)– D2O *
(C18)2DTPAGlu(Gd) (0.00511 mol kg–1) –
D 2O *
(C18)2DTPAGlu(Gd) (0.00201 mol kg–1) –
D 2O *
(C18)2DTPAGlu(Gd) (0.00420 mol kg–1) –
(C18)2L5CCK8 (0.00241 mol kg–1) – D2O *
(C18)2DTPAGlu(Gd) (0.00201 mol kg–1) –
(C18)2L5CCK8 (0.000821 mol kg–1) – D2O *

W

l
Å
109±4

nw

f

-64±10

R
Å
35±5

92±10

–

Å
–

85±4

-50±4

34±4

125±4

125±10

0.611

90±4

88±5

-27±4

34±2

102±4

94±8

–

72±3

102±5

-28±4

40±5

123±6

103±5

–

71±4

92±4

-20±4

33±5

173±4

124±10

0.635

91±5

90±5

-25±5

32±7

172±4

115±4

0.710

91±4

N agg

z

115±8

Table 1. Structural values obtained for micelle aggregates and vesicles, gotten through the fitting of the model described in the text to
the experimental data. An asterisk present in the column System indicates that solutions have been undergone to extrusion. The
symbols presented are:
z
Actual charge of cylindrical micelles.
N agg
Aggregation number of cylindrical micelles.
R
nw

W

Radius of the cylinders
Hydration number of micelles per polar head
Vesicular thickness.

l
f
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Experimental report text body
The adsorption of nonionic surfactants at the silica-water interface can lead to the formation of a fragmented
surfactant layer. As the critical surface aggregation concentration (CSAC) and critical micelle concentration
(CMC) both increase with temperature, the surface concentration ī of the surfactant can be varied at a fixed
bulk concentration c by varying the sample temperature. In our present measurement the structure of the
adsorbed layer of model surfactants TX-100 and CnEm on nanometric colloidal silica beads in basic aqueous
solution was investigated in a temperature range 10–40 °C, using SANS at KWS-1 instrument. Here only
results measured with TX are shown. The scattering intensity of CnEm surfactants is difficult to interprete due to
the too low measuring time. Also, the spectra show less structure than expected.
Three configurations (wavelength Ȝ = 7 Å; Dsample-to-detector = 1.25, 2 and 8 m) were used covering a q-range of
0.006-0.23 Å-1. Incoherent background was determined with several H/D mixtures and interpolated for desired
concentrations.
In Figure 1 the scattered intensity (rescaled by factors of 1.4, 2, 3, 5 and 9 for T = 13.2°C, 17.5°C, 20.0 °C,
24.1°C, 29.9°C and 35.4°C for better comparison) of samples in D2O with fixed amount of silica and surfactant
(csi = 3.8 wt %, cTX-100 = 1.35 wt %), with silica B30, is shown for different temperatures. The main contrast in
D2O (containing some H2O from colloidal stock solutions, ȡ = 5.68 × 1010 cm-2) is with the silica beads, which
dominate the signal due to the much higher mass with respect to the adsorbed surfactant. This figure
demonstrates that changing the temperature does not modify the general structure of the solution. The structure
of the adsorbed layer might be changed due to temperature, as indicated by the increase in I0 at constant porodradius (see also Table 1). This probably means that the micellar structure does not change, but the amount of
micelles on each silica bead increases by approximately 10 %.In Figure 2 the scattered intensity (rescaled by
factors of 2, 4, 6, 8 and 9 for T = 13.2°C, 17.5°C, 20.0°C, 24.1°C, 29.9°C and 35.4°C for better comparison) of
samples in H2O/D2O with fixed amount of silica and surfactant (csi = 3.8 wt %, cTX-100 = 1.35 wt %), with silica
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B30, is shown for different temperatures. In H2O/D2O mixtures (ȡ = 3.46 × 1010 cm-2) the scattering is
dominated by the surfactant (ȡ = 0.8 × 1010 cm-2 ), as the silica is index matched. The scattering is thus much
weaker than in Figure 1. The scattered intensity is again seen to increase with temperature.
In the H2O/D2O experiment, the small angle limit I0 = ĭTXǜǻȡTX2ǜVTX corresponds to the volume of the
adsorbed aggregates (if we neglect the structure factor, which is weak and identical at all T), whereas it
corresponds to the weighted sum in D2O experiment: I0 = ĭSiǜǻȡSi2ǜVSi + ĭTXǜǻȡTX2ǜVTX. This linear
relationship between the low-angle intensities at different contrasts is checked in Figure 3. The Porod-radius Rp
in Table 2 corresponds to the radius of the monodisperse sphere with the same specific surface as our (slightly
polydisperse and non spherical) surfactant aggregates. It is unclear at the present stage why it is not constant as
expected. Further analysis of the observed intensity is still to be done.
Efficient help by Dr. Wim Pyckhout-Hintzen is gratefully acknowkledged.
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Figure 1. Scattered intensity I as a
function of wave vector q of the silicasurfactant system in the D2O (csi = 3.8
wt %, cTX-100 = 1.35 wt %).
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1E-3
0,01

_1

Temp.
(in °C)
13.2
17.5
20.0
24.1
29.9
35.4

Porod constant
(in 1027 cm-5)
2.0 ± 0.1
2.0 ± 0.1
2.0 ± 0.1
2.0 ± 0.1
2.0 ± 0.1
2.0 ± 0.1

1,2

I(q=0)
(in cm-1)
26.7±1
27.7±1
28.3±1
28.4±1
29.1±1
29.9±1

Table 1. Porod constant and the zero-angle
intensity I0 of SANS scattering profile of the silicasurfactant system in the D2O.
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Figure 2. Scattered intensity I as a
function of wave vector q of the silicasurfactant system in the H2O/D2O (csi
= 3.8 wt %, cTX-100 = 1.35 wt %).

Temp.
(in °C)
13.2
17.5
20.0
24.1
29.9
35.4

Porod constant
(in 1026 cm-5)
7.0 ± 0.5
4.7 ± 0.2
4.9 ± 0.1
6.3 ± 0.1
6.3 ± 0.1
5.6 ± 0.1

I(q=0)
(in cm-1)
0.68±0.1
0.75±0.1
0.82±0.1
0.94±0.1
1.10±0.1
1.36±0.1

Rp
(in nm)
2.8±0.2
4.1±0.2
4.0±0.1
3.1±0.1
3.1±0.1
3.5±0.1

Table 2. Porod constant, the zero-angle intensity I0
and Porodradius Rp of SANS scattering profile of
the silica-surfactant system in the H2O/D2O.
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Experimental report text body

The experiment we have performed on KWS2 was aimed at the determination of the average water density in
confined geometry. In particular the water was confined in the pores of 25 Å diameter of a Xerogel glass made
of SiO2.
The value of the density can be calculated providing that the length scattering density of a suitable mixture of
D2O/H2O in the pores equals the length scattering density of the Xerogel substrate. The correct ratio of
protiated and deuteriated water is extrapolated via contrast matching variation, monitoring the glass peak
intensity in the range 0.02-0.1 [Å-1]. In the assumption that Xerogel does not modify its density, the difference
between the theoretical and experimental matching point can be referred to the change in water density.
We have measured 11 fully hydrated samples with different D2O/H2O ratio.
The Xerogel powder has been first dried in the presence of P2O5 and in a second moment kept under vacuum
for several days. After that, the full hydration has been achieved living the dry Xerogel in the presence of the
water mixtures vapors.
At the moment of the measurement, the sample holder has been filled with the hydrated powder under Ar
atmosphere.
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The figure reported above represents the intensity of the peak after that the data have been calibrated.
The parabola has the minimum for a D2O volume fraction of 0.64.
In the assumption that the scattering power of the Xerogel remains constant, the number density of water in the
confined geometry is 2.98x1022 [molecules/cm3].
This value is 10% lower than the corresponding value for bulk water (3.33x1022 [molecules/cm3]).
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Experimental report text body
( Please use 12 pt letters here ! )
We studied the structural changes in the system polyoxyethylene-10-cholesteryl-ether (ChEO10) polyoxyethylene-3-dodecyl-ether (C12EO3). A highly viscoelastic solution of wormlike micelles is formed in
certain ranges of composition as well as at certain temperatures. Viscosity measurements of ChEO10-C12EO3
mixtures and solutions of ChEO10 alone showed similar dependence of the viscosity to both parameters. The
growth of the micelles can also be seen in dynamic light scattering measurements. Because of the very low
over-all contrast it is not possible to gain information of the length of the micelles and the structural changes
with SAXS.
We performed measurements of samples with 1 wt% total surfactant concentration at 5 different temperatures
(20 to 60°C) and 6 different C12EO3 concentrations. All samples were measured in 2mm cuvettes at detector
positions of 2, 8 and 20 meters. So altogether 90 measurements were carried out for this series.
A second similar series with 5 wt% total surfactant concentration was started afterwards. Unfortunately this
series was not completed because of an instrument breakdown with unknown error message in the last night.
Evaluation of the collected data with Indirect Fourier Transformation showed that the structural transition from
spherical to elongated "wormlike" micelles (highly viscous) and later on to flat structures (again low viscosity)
can be observed very well. This was not possible with SAXS-data due to the low over-all contrast. Examples of
scattering curves of the transition from spherical (flat innermost part) to rodlike micelles (q-1 decay) induced by
increasing concentration of C12EO3 are shown in figure 1. In figure 2 scattering curves of a transition from
rodlike micelles to flat bilayer structures (q-2 decay) induced by increase of the temperature are shown.
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Figure 1

Figure 2

A gradually increase in micellar length with increasing C12EO3 concentration was found. In figure 3 Pair
Distance Distribution Functions of micelles during the transition from spherical to elongated micelles
calculated with Indirect Fourier Transformation are plotted. The same behaviour was found for increasing
temperature and for decreasing number of ethylene oxide groups in the series C12EO4 - C12EO3 - C12EO2.
Deconvolution of the cross-sectional Pair Distance Distribution Functions led to radial contrast profile for
cylindrical micelles and to the contrast as function of the distance from the midplane for bilayer structures. The
results agreed well with predictions from the molecular structure of the surfactants (3.85nm in length). The
diameter of the cylindrical micelles was found to be about 12nm while the thickness of the bilayers was about
8nm. The formed structures were always the same, independent from the way one induces the structural
transitions (either by changing the temperature or by changing the concentration of C12EO3).

Figure 3
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Experimental report text body

-1

I (cm )

We investigate the aggregation process of dispersed nanometric silica particles using polymers, and explicit the
effect of temperature. The polymers used exhibit a Lower Critical Solution Temperature (LCST), i.e. a
temperature above which the polymer chains are not soluble in water, they collapse and form dense sticky
globules. All the studied samples have the same volume fraction of silica and pH, the molar mass and the
amount of polymer vary from one sample to another, as well as the duration of the heating step. Measurements
were carried out on KWS-1, for Q values ranging from 2.2×10-3 Å-1 to 1.5×10-1 Å-1.
Prior to the heating step, the neutron scattering curves show three different behaviours, plotted on figure 1.
Curve (a) shows the neutron scattering curve of the bare silica particles at the same volume fraction. Systems in
which small polymer chains coat silica particles bearing a high electrostatic potential display such curves. The
peak is attributed to the structure factor that describes
90
spheres in strong repulsive electrostatic interaction.
80
When the molar mass of the polymer chains increases,
70
the curves switch to the (b)-type. In these systems, the
(a)
60
characteristic length of the electrostatic repulsions is
(b)
50
shorter than the extension of the loops and tails of the
(c)
40
adsorbed polymer chains. This would account for the
30
modification of the structure factor of these dispersions.
20
Finally, type (c) curves are obtained from systems
10
containing silica particles partly covered with very long
0
polymer chains. In such conditions, the polymer chains
0,001
0,01
0,1
-1
are able to bridge silica particles, thus forming silica
Q (Angström )
flocs of higher mass. This is consistent with results
Figure 1 – Typical SANS curves prior
previously published [1].
to the heating step
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The heating step triggers the aggregation of the dispersed silica particles. These aggregates have previously
been visualized by transmission electron microscopy. The neutron scattering curve corresponding to the first
formed aggregates can be fitted using the form factor of 5 aligned spheres of 135 Å radius. This value was
obtained from the fit of the diluted bare silica dispersion. Figure 2 shows the experimental data and the
resulting fit. Leaving the systems mature for a longer time at high temperature gives rise to larger aggregates
with a fractal dimension close to 1.5. Extensive data gathering showed that the resulting fractal dimension does
not depend on the molar mass of the polymer. Figure 3 shows the corresponding curve. This fractal dimension
is quite unusual since most aggregation processes can be described by two theoretical models: diffusion
limited cluster aggregation (DLCA) and reaction limited aggregation (RLCA) [2-6]. The former model is valid
when, upon collision, the sticking probability is equal to 1. Such systems produce aggregates having a fractal
dimension of 1.8. The latter model is suitable to describe systems in which, upon collision, the sticking
probability is low. In this case, particles and small aggregates are able to explore several configurations in an
existing bigger aggregate, thus forming denser aggregates, having a fractal dimension close to 2.1.
It seems that the aggregation process of these coated silica particles follows a different pattern to those
described in published articles. The influence of electrostatic forces and of the properties of the polymer chains
are under investigation in order to explicit the aggregation process and the chemical composition of the
material that binds two neighbouring silica particles.
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Figure 2 – Experimental SANS curve of the first
aggregates formed and the corresponding fit using
the form factor of 5 aligned spheres.

Figure 3 – Experimental SANS curve of aggregates
after maturing at high temperature.
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Experimental report text body
This report describes initial microstructure characterization of the glue secreted by the alga Fucus Serratus
(also known as Laminaria digitata), which is suspected to be composed of two cross linked polymers: a
phenolic polymer, cross linked via an enzymatic reaction and alginate, cross linked by divalent calcium ions[1].
Our initial studies were aimed at characterizing the phenolic polymer. Preliminary measurements involved
solutions containing the Fucus polyphenol, with and without cross-linking agents.
Experimental Details
SANS experiment were preformed at the FRJ-2 reactor in Institut für Festkörperforschung, Forschungszentrum
Jülich GmbH. Measurements were carried out in KWS2 instrument where the samples were placed in the
mobile sample holder at C2D2, C8D8 and C20D20.
Five glue formulations were examined: 1) polyphenol, 2) Polyphenol activated with KI and H2O2 (in three
different contrasts), 3) Polyphenol activated with KI, H2O2 and alginate (in three different contrasts), 4)
polyphenol activated with KI,H2O2 and BPO (bromoperoxidasenzyme) and 5) a mixture of alginate and
polyphenol activated with KI, H2O2 BPO. Measurements of alginate, BPO and solvents were also preformed.
Unless otherwise stated the glue composition contained 5mg/ml polyphenol, 0.75U/ml BPO, 0.44% H2O2, 4.4
mg/ml KI, and 2.5mg/ml alginate..
The curves obtained for the solvents were very noisy at the low q-range due to formation of bubbles during the
measurement time, thus point to point solvent subtraction is impossible and a constant (determined from the 2m
region) subtraction was done instead.
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Results
In most polymeric systems, the scattering from a semi-dilute solution can be well fitted to the Ornstein-Zernike
equation, whereas cross-linked gels are more heterogeneous and therefore better described by a sum of the
Ornstein-Zernike and the Debye-Buche equations:
I L (0)
I D (0)

(1) I (q)
2
2
2
1  q [L
1  q 2[ D 2

Although cross-linking was previously sown to occur in the system [2], it was surprising to see (Figure 1a) that
it had no effect on the colloidal structure, and the solutions were as heterogeneous as the gels. The backgroundsubtracted scattering curves were fitted to eq. 1, yielding values of ~9nm for the correlation length and ~30 nm
for the heterogeneities size. At this low alginate concentration, its influence on the scattering curve could not be
observed.
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Figure 1: a)SANS curves of polyphenol (¸),Polyphenol cross-linked with KI & H2O2 (Ƒ), Polyphenol cross-linked with
KI, H2O2 & BPO(Ƒ) in 100% D2O. b) SANS curves of Polyphenol cross- linked with KI & H2O2 in100% D2O(ż), 80%
D2O (ż) and 60% D2O (ż) .The solid line represent a fit to a Debye-Buche and Ornstein-Zernike model.

Our preliminary results indicate that the microstructure of both polyphenol solutions and cross-linked
polyphenol can be visualized as a network having a mesh size of about 9nm, in which heterogeneities, about
30nm in size, are embedded. Further work will be directed toward the understanding of the arrangement of
alginate in this system. Furthermore, we need to examine structural changes due to addition of calcium.
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Background
Dispersion of single-walled carbon nanotubes (SWCNT), from the bundled form in which they are often
produced, is one of the crucial steps in their processing into useful articles which realize their superior
molecular properties. Indeed, much research is currently directed at attaining stable high-quality SWCNT
dispersions in a variety of solvents. Several methods have shown some degree of success: side- wall
functionalization, adsorption of surfactants and solubilization by adsorption of amphiphilic polymers. The use
of polymers may also provide a bridge to suitable interaction between nanotubes and a surrounding polymer
matrix, in applications of SWCNTs as reinforcements in composite materials. Recently, a “polymer wrapping”
model has been presented, whereby the polymer is tightly wrapped about the nanotube. Alternatively, we
suggest that successful dispersion of nanotubes by polymers requires a rather loose adsorption, so that the
polymer coil surrounding the tubes form steric hindrance to re-aggregation.
Objectives
The objective of this project is to study the state of aggregation of single-walled carbon nanotubes (SWCNT) in
aqueous dispersions formed by interactions with amphiphilic polymers.
We seek to answer the following specific questions:
x Does the dispersion consist of isolated nanotubes or rather small bundles?
x How does the dispersant adsorb on the nanotube surface?
x What degree of coverage is required?
x Can the results be related to the stabilization mechanism?
Experimental Note
SANS measurements were conducted at KWS1. The elongated feature of carbon nanotubes and the polymers
adsorbed on them required the 20m smaple-detector distance, and long measurement time. Measurements at
several D2O/H2O ratios in the dispersing medium were required to verify the structural model, as were simillar
measurements of the bare polymer. Two dispersing polymers were studied: Gum Arabic (GA) and altenatnig
copolymer of styrene and maleic annhydride, The measurments could not be finished in a single experiemental
term, thus two proposals treat the same subject, KW1-03-029 and KW1-04-015.

Form Version: 19.02.03

1

238

The present report treats the dispersion of carbon nanotubes in water by an alternatnig copolymer of styrene and
maleic annhydride, hydrolyzed stoichiometrically with NaOH (termed “Polysoap-styrene”- PSSty):

Results
The scattering patterns of the SWCNT/PSSty dispersions and bare PSSty in two different D2O/H2O mixtures
are shown in Figure (a) below. PSSty was shown in previous work to assemble in water to large structures
which give rise to excess scattering at small angles. Figure (b) below shows the subtracted data for the
SWCNT/PSSty dispersions. The solid lines in Fig. (b) are a fit of a modification of the scattering model derived
by Pedersen for cylindrical block-copolymer micelles containing a solid core and polymer “hairs” emanating
from it. The modified form factor for the nanotube/polymer hybrid FHYB contains 3 structural parameters: the
radius of the cylindrical core R, the gyration radius of an adsorbed polymer coil Rg and the number of chains
adsorbed per unit length of the core Nagg, as shown in Figure (c) below.
2
2
FHYB ('E ) core
Fcore (q )  N agg ('E ) chain
Fchain (q )
2
 2 N agg ('E ) core ('E ) chain S corechain (q)  N agg ( N agg  1)('E ) chain
S chain chain (q )

The results of model fit, shown in the table above, verify that the polymers are adsorbed as loose coils on the
nanotube surface and that steric (entropic) repulsion is important for successful nanotube dispersion.
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Confined Homopolymers in Bicontinuous Microemulsions
Historically, the polymer additive studied first was an amphiphilic diblock copolymer. This polymer increases
the surfactant efficiency dramatically. The complementary effect of homopolymers was studied by Byelov in
his PhD thesis, where equal amounts of two homopolymers with the monomers units of the diblock copolymer
were added. The measured sensitivity of the homopolymer was 6 to 7 times larger than predicted by a theory of
Eisenriegler. The assumption that confinement could explain this high sensitivity was accompanied by
computer simulations of T. Auth (also PhD thesis).
Microemulsions consist of two immiscible components oil (decane) and water (D2O) and a surfactant,
which mediates between the two other ingredients. The surfactant forms a film between domains of (nearly)
pure oil and water. When equal volumes of oil and water are used and the temperature is selected correctly a
one phase microemulsion can form. The oil- and water-domains form a sponge-like continuous structure.
Therefore, the structure is bicontinuous. The minimum amount of surfactant needed for this single phase
appearance is a measure for the surfactant efficiency.
Helfrich describes the free energy of a microemulsion by the elastic properties of the membrane only.
The mean curvature is connected with the modulus κ, the bending rigidity, while the Gaussian curvature is
linked with the saddle splay modulusκ. Further theories connect those microscopic moduli with observable
properties. By SANS one obtains two structural parameters: the domain size d, and the correlation length ξ. The
Gaussian random field theory relates the two structural parameters with the bending rigidity κ, whereas the
saddle splay modulusκ is connected with the phase diagram, namely the minimum amount of surfactant
needed to solubilize equal volumes of oil and water, i.e. with the surfactant efficiency. Both moduli κ andκ
depend in the same manner on the polymer content, only the signs of the moduli differ κ ≅ −κ . Therefore the
influence on the phase diagram can be well compared with the bending rigidity measured by SANS.
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Byelov studied equal amounts of oil- and water-soluble polymers (PEP5 and PEO5) with a molar mass of
5kg/mol. This symmetric situation was chosen because the polymer should not influence the spontaneous
curvature. The used surfactant was the non-ionic C10E4. Byelov found a decreased efficiency with higher
homopolymer content. At the same time the by SANS measured bending rigidity decreased with increased
homopolymer content. Qualitatively, these results fit well to the theory of Eisenriegler [1]. Quantitatively, the
sensitivity of both effects is 6 to 7 times higher than the prediction. Other polymers (PEP10 & PEO10) with
higher molecular weight showed an even higher sensitivity.
Simulations by Auth motivated the interpretation by polymer confinement effects. He started with
diblock copolymers confined between two membranes of a microemulsion. While without confinement the
classical value of Lipowski [2] was found, with higher confinement – that is the ratio of the polymer radius of
gyration to a single domain (Rg/d) – the sensitivity first increases, but with very high confinement it turns
around and becomes heavily negative. At high degrees of confinement there should not be any difference
between homopolymers and diblock copolymers. Therefore, Auth argues qualitatively that negative homopolymer effect just simply grows with increasing confinement.
While we found already high sensitivities with the previously investigated polymers (of 5 and 10 kg/
mol), the intention of this study was a lower molar mass (2 kg/mol) and another more efficient surfactant
(C12E5), which forms larger domains in the beginning. We therefore studied 3 combinations with lower
confinement (Rg/d), namely PEP2 / PEO2 in C12E5, PEP5 / PEO5 in C12E5, and PEP2 / PEO2 in C10E4. The hope
was to find a limiting value for low confinement.
The bending rigidities of these systems were evaluated for at least 3 concentrations of polymer, and at
least 3 concentrations of surfactant. For the different surfactant concentrations linear interpolations were done
to obtain the polymer effect at constant surfactant concentration. The sensitivity of the bending rigidity as a
function of homopolymer content was obtained, and plotted in the final graph (Fig. 1). While the high
sensitivities gave us the reason for this investigation, the lower sensitivities fit well to the whole picture. With
decreasing confinement the sensitivity of the homopolymer effect approaches a limit which does not differ
much from the theoretical value of Eisenriegler. All-in-all this study showed that homopolymers behave as
expected at low confinements, and that higher confinements lead to a high sensitivity of the homopolymer
effect. The exact dependence should be also verified by simulations (hopefully by Auth) or by analytical
methods (hopefully by Eisenriegler).

0.35

Figure 1: The sensitivity of the homopolymer
effect in bicontinuous microemulsions β as a
function of the confinement Rg./d. At low
confinement the sensitivity is about 1.5 times
the analytical value, which is reasonable within
the accuracy of the theory [1]. At high
confinement strong deviations occur. For the
highest confinement one polymer (Ree) fits in
a single domain, since the domain size d
measures actually 2 domains (water + oil).
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[1] Hanke, A.; Eisenriegler, E.; Dietrich, S. Phys. Rev. E 1999, 59, 6853
[2] Hiergeist, C.; Lipowsky, R. J. Phys. II 1996, 6, 1465
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The control of in-vitro formation of nanostructures with predicted properties is a global aim of
biomineralization science. The early stages of mineralization are a crucial period in the formation of minerals
that greatly determines the morphology and structure of the nanoparticles in their final stage, and about which is
not very much known. Therefore, monitoring the process of mineralization during these early stages and its
control is important for a principle understanding. Small angle neutron scattering technique is a powerful tool
for those in-vitro experiments.
In former SANS experiments we studied CaCO3 mineralization in water in the presence of the protein
Ovalbumin. A three-stage process of the minerals was observed. The primary minerals were of amorphous
7.5mg/ml Ovalbumin @ 0.1M MgCl2/H2O
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Fig.1: The scattering curve of ovalbumin without and with 0.1M Fig.2: Radius and length of the cylinders as a function of the time
MgCl2.in H2O solvent. The same effect is observed with SrCl2,
(denaturation of proteins in 0.1M MgCl2 aqueous solution). The
namely the denuturation of a protein monomer.
analysis of the scattering profiles was carried out by the cylinder
form-factor.
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The starting point of this proposal was to determine the
influence of the salts MgCl2 and SrCl2 on the morphology
of the protein Ovalbumin. In Figure 1 the scattering profile
of 7.5mg/ml aqueous solution of ovalbumin with and
without salt CaCl2. No time evolution of protein
morphology is observed in the presence of magnesium and
strontium chloride. The shape of the protein becomes
elongated. The difference between spherical and ellipsoidal
shape of the protein is clearly visible in Figure 1. The
forward scattering of two curves is the same meaning there
is no change in volume and scattering contrast. In Figure 2
the length and radius of the ellipsoid is depicted versus
time.
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Structure which dissolved after about 4 hours when the
secondary minerals of crystalline structure (calcite,
vaterite, or aragonite) were formed. In parallel the
ovalbumin could be observed; its denaturation and
complexation was clearly seen and a maximum scattering
just before the first two stages thereby acting as a precursor
of both mineral structures.
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Fig.3: Scattering curves from mineralization of MgCO3 in the
H2O solution.

Gas diffusion technique was employed to study the mineralization process of the MgCO3 mineralization invitro by time resolved SANS. Figure 3 represents the scattering cross section of the H2O/MgCl2/Ovalbumin
sample after 0h, 6h and 12h of the reaction. The first and last sample look the same; we only see protein
scattering. After 12 h only 10% decrease of the volume
fraction of the protein is detected.
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Between two and ten hours of the reaction of mineral
formation can be identified within low Q range. The size of
these minerals is larger than 2000Å, therefore we only see a
Q-4 scaling. The scaling prefactor P4 either with or without
the protein is shown in Figure 4 as a function of the time.
The Porod constant P4 is proportional to total mineral surface
in the scattering volume, the time dependence is proportional
in both cases. The compact particles are formed
approximately after two hours and sedimented after about 10
hours. In the presence of ovalbumin the absolute value of P4
is more than ten times larger which means larger number
density of smaller magnesium particles.
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Fig. 4: The Porod prefactor P4 as a function of time.
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The synthesis of inorganic materials with controlled morphology and speciﬁc size is a key aspect
in materials science as, e.g., ceramics, catalysis, pigments, electronics, medicine, cosmetics, and so
on. It is also well known that biological systems make the best use of inorganic materials such as
bones, teeth, and shells by controlling their size, shape, structure and orientation with organic selfassembled molecules like proteins, lipids, etc [1]. These organic additives are highly endowed with
the potential to control the nucleation, growth, and alignment of inorganic crystals with complex
forms [2].
Double-hydrophilic block copolymers (DHBC) are a new class of functional synthetic polymers,
which consist of two hydrophilic parts, namely one block is designed to interact strongly with the
inorganic minerals, while the other block only weakly interacts with mineral surfaces, and which
mainly promotes the solubility in water [3]. These polymers have been found to be extraordinarily
eﬀective to modify the crystal growth modiﬁcation or inducing superstructures for several kinds of
inorganic materials in water, e.g., calcium carbonate etc.
We studied nucleation kinetics of balium carbonate (BaCO3 ) in the presence of a double hydrophilic polymer poly(ethylene glycol)-block-poly(methacrylic acid) (PEG-b-PMAA) by means of
time resolved small angle neutron scattering (SANS). In order to achieve slow process, gas diﬀusion
reaction was applied, i.e., thermal decomposition of ammonium carbonate generated carbon dioxide
gas in the sealed chamber, which reacted inside the aqueous solution with barium ion very slowly.
The solutions were prepared with 0.1M balium chloride concentration, which were tuned pH = 7
∼10 at 30◦ C. The diﬀerent polymer concentrations were chosen which were 0, 0.33 and 1wt%.
The SANS experiments were performed at 8 and 20 m detector distance with 15 minutes time
resolution. Since protonated water (H2 O) was used as a solvent, the scattering signals were arising
mainly by the contrast between water and BaCO3 .
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In Fig. 1, the observed SANS spectra are exhibited for several times with diﬀerent DHBC concentrations. We evaluated the scattering proﬁles with the Beaucage function [4], and the calculated
ﬁtting curves are depicted in Fig. 1 as solid lines. The extracted parameters are shown in Fig. 2. The
eﬀect of DHBC addition can be clearly seen, i.e., without DHBC, we observed only Q−4 behavior
[Fig. 1 (a)], but with DHBC the slopes were much weaker than Q−4 at high Q [Fig. 1 (b) and (c)],
which are close to Q−2 during the reaction [see Fig. 2(b)]. The development of the scattering intensities within the observed Q range were enhanced by the addition of DHBC as exhibited in Fig. 2(a),
and the small particles were observed in the case of coexistence of DHBC, whose radii of gyration
were in the range of 50 ∼ 150Å [see Fig. 2(c)]. These observations suggest that the mineralization
process is aﬀected with the addition of DHBC, which changes the process from nucleation growth to
aggregation behavior like diﬀusion limited aggregation.
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Fig. 1: Individual time resolved SANS proﬁles for BaCO3 mineralization every 1 hour, i.e., 0(◦), 120(), 150(),
240(), and 360() minutes, respectively. The samples contain with the diﬀerent polymer concentrations, i.e., (a)
0wt%, (b) 0.33wt% and (c) 1wt%. Solid lines are resulting ﬁtting curves (see text).

150
100

5

2

0
0

1
180

1 wt%
0.33 wt%

50
60

120

180
Time [min]

240

300

360

(b)

240

300

Time [min]

360

(c)

0
180

240

300

360

Time [min]

Fig. 2: Time evolution of the scattering intensities < η > (a), high Q slope P (b), and radius of gyration of the sub
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In this study we first determined the
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densities from calcium phosphate apatite and octacalcium phosphate is given as calculated.
In the left part of figure 1 such colloidal composite with volume fraction of 10-4 is depicted for the
given D2O ratios. The strongest signal is quite naturally determined in H2O while only a weak signal is
determined for the 0.60 and 0.69 D2O contents of water as bocomes clear from the scattering length densities.
The analysis of these scattering data leads to the partial scattering functions depicted in figure 2
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Figure 2
The left figure 2 shows the self-terms of the scattering from mineral, protein, and water. The “water” scattering
represents a coherent superposition of the scattering from mineral and protein, a results derived from Babinet’s
principle for incompressible systems. These data in principle allow the determination of the particle
characteristics. The cross-term depicted in the right figure describes the interaction or correlation between the
particle components. A clear result is derived from the positive SPM giving the indication of a mineral core
surrounded by a fetuin monolayer.
As these data show rather large statistical error bars due the low volume fraction and the low contrast for some
sample we had to continue these experiments for a clear interpretation.
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This experiment aimed to measure the chain exchange kinetics and to obtain detailed information of the
structure of micelles formed by symmetric poly(styrene)-poly(butadiene) PS10-PB10 block copolymers in
dodecane and hexadecane. These solvents are both selective for PB.
To facilitate contrast variation the experiments were made in a partially deuterated h-PS10-d-PB10 block
copolymer where PS in fully hydrogenated and the second PB block is deuterated. The experiments were done
in three different contrasts; “core contrast” (where the PB is matched out), “shell contrast” (PS matched out)
and an intermediate contrast. The partial scattering functions of PS10-PB10 in hexadecane including a result
from a simultaneous fits are shown in Fig.1 below. As observed the fits are in very good agreement with the
data. The resulting parameters revealed that the corona is rather homogenous with a constant mean-field like
density profile. The aggregation number was found to be approximately 110 which is rather small considering
the molecular weight. However it must be remembered that the interfacial tension between PS and n-alkanes is
generally very low. This is also reflected in the large portion of solvent found in the micellar core.
The kinetic was performed by mixing equal amounts of completely deuterated (d-PS10-d-PB10) and
hydrogenated (h-PS10-h-PB10) block copolymers in a isotopic hexadecane solvent mixture that exactly
matches the average scattering length density of the two polymers. The method is previously described in Ref.
1. The results show similar features as for the PEP1-PEO20 micelles previously investigated [4]: the data
cannot be described by a single exponential and provide evidence of a more complex expulsion mechanism
than was predicted in theoretical model by Halperin And Alexander [2]. It is interesting to note that the kinetics
is considerably slower than in decane were the exchange was too fast to be followed by SANS.
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Fig1. Partial scattering curves of PS10-PB10 Micelles in Hexadecane. The
solid lines display a simultanous fit to a spherical core-shell model.

This is rather surprising since the interfacial tension, which is the governing factor of the exchange kinetics
according to Halperin and Alexander”, is lower in hexadecane than decane[3]. Considering these results, the
increase in the kinetics appears counterintuitive. However it is in correspondence with the fact that the solvent
fraction in the core is lower in hexadecane than decane. The aggregation number is also larger in hexadecane.
This may be due to a entropic mixing effects where the entropy of mixing is less important as the molecular
volume of the solvent gets larger. Hence the aggregation behavior is not only controlled by the interfacial
tension as in “classical” micellization theories but also by the specific solvent effects. These results also points
out the fact that the environment of the core plays a major role in the kinetics of polymeric micelles.
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It was our aim to study the spontaneous nucleation at high
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The role of the double hydrophilic block copolymer poly(ethylene glycol)-block-poly(methacrylic
acid) (PEG-b-PMAA) on the mineralization kinetics of barium carbonate (BaCO3 ) was studied by
means of time resolved small angle neutron scattering (SANS). Double-hydrophilic block copolymers
(DHBC) consist of two hydrophilic parts, i.e., one block is designed to interact strongly with the
inorganic minerals, while the other block only weakly interacts with mineral surfaces, and which
mainly promotes the solubility in water [1]. It has been found that the morphology of BaCO3
crystals is dramatically aﬀected by the addition of PEG-b-PMAA [2] as well as calcium carbonate
[3].
With neutrons as probe, contrast variation techniques based on H/D replacement can be used to
modify the visibility of diﬀerent components in the system. In order to investigate the function of
DHBC in BaCO3 mineralization, time resolved small angle neutron scattering (SANS) under the
polymer contrast was performed, where the scattering contrast of aqua solution is as same as that
of BaCO3 . In this case the observed scattering signals arised only from DHBC in the system.
Slow process was achieved with gas diﬀusion reaction, i.e., thermal decomposition of ammonium
carbonate generated carbon dioxide gas in the sealed chamber, which reacted inside the aqueous
solution with barium ion very slowly. The solutions were prepared with 0.1M balium chloride
concentration, which were tuned pH = 10 at 30◦ C. The polymer concentration was 3wt%. The
SANS experiments were performed at 20 m detector distance with 15 minutes time resolution.
Fig. 1 shows the obtained scattering signals under “polymer contrast” (Fig. 1a), where the scattering contrast of aqueous solution was matched that of BaCO3 , as well as under “H2 O contrast”
(Fig. 1b), where the signal from BaCO3 dominates the total scattering intensity. It is clearly seen that
the scattering signals are constant with “polymer contrast” during the reaction, while the scattering
under “H2 O contrast” shows considerable degree of changes.
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From this observation, we can conclude that DHBC do not change their conformations, namely,
they do not form any superstructures. We guess that a minor part of DHBC works as “nucleation
centers” individually, then the produced “precursors” aggregate quickly. Such aggregation behaviors
may be one of the origins of anisotropic morphologies.
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(b)
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Fig. 1: Individual time resolved SANS proﬁles for BaCO3 mineralization every 1 hour, i.e., 0(•), 60(), 120(),
180(), and 240() minutes, respectively. The samples were prepared with diﬀereint aqueous solutions containing
D2 O and H2 O in order to tune the scattering contrast, i.e., (a) polymer contrast where only the polyer is visible; and
(b) pure H2 O where BaCO3 is mainly visible.
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Experimental report text body
Due to the practical importance of elastomers, we attempted in these experiments to extend our previous work
on polymer-clay nanocomposites (see experimental reports KW2-03-016 and KW2-03-022) to the rubbery
styrene-butadiene (SBR) system. We investigated three sets of samples:
1. Two reference samples as described in Rubber Chem & Techn, 76, 860 (2003) – referred to here as the
“Indian” samples. These were reported to be an intercalated sample and an exfoliated sample.
2. A series of solution-mixed samples using two SBR rubbers with different styrene contents supplied by
Bayer AG. Samples with both organo-modified montmorillonite and non-modified montmorillonite
were prepared.
3. Two extruded samples. The first was a sample selected from set (2) and subsequently extruded. The
second was a comparable mixture which had been extruded directly.
In addition to the SBR samples, we measured two solution-mixed samples of poly(ethylene oxide) (PEO) with
unmodified montmorillonite. The PEO contents in these samples were 20 and 50wt%. Due to the nature of
PEO, it can intercalate into pure MMT without the aid of surfactants. It was hoped that this would result in a
simpler system which could be more easily modeled.
Figure 1 illustrates the data obtained from the “exfoliated” Indian sample. We were surprised to note a slope of
approximately Q-3 in the log-log plot of the data. A sample containing only exfoliated platelets is expected to
exhibit a slope of approximately Q-2. As illustrated in figure 2, subsequent WAXS experiments confirmed that
this sample did in fact contain a degree of ordering which can be expected to be related to stacked platelets.
Detailed modeling of the data is planned.
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Figure 1 SANS data from “exfoliated” Indian SBR Figure 2 WAXS data from “exfoliated” Indian SBR
sample
sample
Figure 3 illustrates the SANS data obtained from one of the “pure” Bayer SBRs which had been solution
“mixed” similarly to the SBR-clay blends. Similar scattering patterns were seen for the second “pure” SBR and
for the SBR-clay mixtures. Unfortunately, the scattering from the pure SBR is so intense that it masks the
scattering from the small amount of clay in the sample, which is of interest. Differential scanning calorimetry
(DSC) measurements of the SBR suggested a one-phase system. However, the SANS data can be described by
two scattering “features”:
1. a Q-4 “Porod” component which is expected to be due to bubbles in the sample caused by too rapid
drying
2. a “Guinier” regime from which domain sizes can be estimated. The values found were of the same
order as can be calculated from the molecular weight of the PS contained in the SBR. This suggests
a degree of “blockiness” in these rubbers. As this is not visible in the DSC measurements, the
relative amount must however be small.
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Figure 3 SANS data from precipitated Bayer SBR
Figure 4 50wt% PEO in MMT: Data and fit
Figure 4 illustrates the data and model fit for the 50wt% PEO in MMT sample. The fit illustrated was obtained
using calculated scattering length densities and only varying the platelet distribution. The distribution obtained
suggests that 85 vol% of the platelets are in stacks described by a Poisson distribution with a nominal number
of platelets of 5.3. The remaining stacks are in much larger stacks containing of the order 70 platelets.
Considering the sample preparation technique, and that the average number of platelets per stack in
montmorillonite is often reported to be around 5, these results appear to be reasonable. In addition, the average
number of platelets per stack of approximately 12 obtained by applying the Scherrer equation to WAXS data
from the same sample is comparable to this distribution (i.e. approximately 0.85*5.3 + 0.15*35 = 10). The data
from the 20wt% sample are currently being fit. Interpretation of these data is proving more difficult, possibly
due to the excess of montmorillonite in the sample.
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Experimental report text body
(Please use 12 pt letters here ! )
The self-assembly of poly(co-olefins) in dilute solution has been shown via SANS to yield either plate-like or
needle-like micelles-like micelles [1,2]. The resultant supramolecular structures are dependent upon the
copolymer architecture. The crystalline-amorphous diblock co-polymers yield self-assembled hairy plates while
the corresponding random co-polymers yield one-dimensional needle shaped aggregates. Both kinds of
polymers are able to modify the wax crystal structures in dilute solution. The diblock copolymers form a 2-d
morphology consisting of a crystalline core surrounded by amorphous brushes. The core nucleates the wax
crystals while, the brush keeps them small and prevent their 3-d development. This mechanism has found
commercial application of PE-PEB Paraflow as diesel wax modifier. The PEB-n random copolymers (n - the
number of ethyl sides per 100 backbone carbons) show selectivity in their wax crystal modification capacities
depending on the ethylene content of the backbone. It was established that the copolymer containing larger
crystallizable PE-sections (PEB-7.5) is very efficient for the longer wax molecules (C36) while for the control of
the shorter wax (C24) crystals its efficacy diminishes and, in this case, the less crystalline copolymers (PEB-11)
are better suitable [3]. The highly efficient mechanism is that of co-crystallization of wax and copolymer which
results in formation of wax platelets stabilized by the entrapped amorphous component of the copolymer. Thus,
these random copolymers may become important in industrial application for improving the viscoelastic
properties of crude oil and refined fuels. By SANS and rheology it was stated that efficient PEB-n additives for
oil industry would contain graded ethylene content [3].
In this study we investigated at the KWS-1 SANS instrument the self-assembly from solution of two multisegment random copolymers, each segment presenting graded ethylene content: a 3-segments PEB-6.5/8.9/10.1
and a 4-segments PEB-2.6/6.0/10.9/13.2. The numbers define how many methyl branches per 100 backbone
carbons are contained in each segment. The experiments have been performed at different temperatures during
the slow cooling of polymer solutions from 85°C to 10°C. The molecular weights of these multi-segment
copolymers are as follows: for the 3-segments material Mn=1.67x104 with a distribution of 5.56/5.56/5.56x103
1
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while for the 4-segments material Mn=2.63x104 with a distribution of 3.75/7.5/7.5/7.5x103. Solutions of 0.5%
and 1% polymer concentrations in decane have been investigated. Fig.1 presents the scattering patterns of the 4segments copolymer solution ()pol=1%) at different temperatures.
At 85°C all polymers are dissolved as single coils. From the Zimm analysis of the scattering patterns a radius of
gyration of about 50Å was evaluated. Decreasing the temperature the copolymers self-assemble which gives
raise to an increase of intensity at low Q. The process is driven by the high-temperature crystallization tendency
of the PEB-2.6 segment. Three power-law regimes can be observed. At low Q the scattering from single coils
still in solution shows a Q-5/3 power-law behavior. At intermediate Q a Q-2 behavior may be identified which
proves formation of platelets. This platelets must be formed by the PEB-2.6 segments which, analogous to
polyethylene (PE), crystallize above 60°C. At low Q a Q-1 behavior reveals presence of 1D objects. By Guinier
analysis of the Q-2 behavior the thickness of platelets has been evaluated at all temperatures below 60°C. It
increases in decreasing temperature from 60Å at 40°C up to 81Å at 10°C. Although at 60°C the evaluation
failed, we can estimate a thickness of 30-40Å according to the study from [1] in case of platelets formed by the
PE of the same molecular weight. The Q-1 behavior could not be analysed in terms of Guinier law in order to
obtain the rod radius. It seems that week correlation effects are present just within the Q range where the
Guinier regime is reached and give raise to a “shoulder-like” structure at around Q*=8-9x10-3Å-1. This value
corresponds to a correlation length of about 700-800Å. Although the shoulder buries the form factor of the
rod’s lateral size we estimate from the deviation from Q-1 power law a rod radius of about 250Å. Because the
rods display a small diameter (about 500Å) their inner morphology cannot be that of the stacked platelets for
that an attractive van-der-Waals interaction between platelets would require a much larger platelet lateral
extension [4]. The rod-like objects must be similar to the columnar morphology (Fig.2) shown also by the sPPP(E-co-P) crystalline-amorphous copolymers [5]. The crystallized blocks form the core while those still in
single coil conformation form the lateral brushes.
The three-block copolymer shows, generally, the same self-assembling behavior. The aggregates are formed at
lower temperatures and the process is driven by the crystallization tendency of the PEB-6.5 segment. The three
power-law regimes are observed also in this case but the structures reveal lower sizes. We believe the same
morphology is formed in this case too, the differences concerning the size and self-assembling point being a
consequence of the molecular particularities of the materials. Decreasing the temperature the blocks with larger
“n” crystallize gradually, the slower the larger “n”. We intend to continue the study by the investigation of the
self-assembly behavior at temperatures below 0°C
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Experimental report text body
SANS is a powerful tool in meeting the challenge of elucidating structures of dynamically interacting biological
systems of fundamental importance for human health. PKR is an interferon (IFN)-induced serine-threonine
kinase, initially identified as a translational inhibitor in an IFN regulated antiviral pathway (Stark et al., 1998).
Recently, it has become clear that PKR is a pivotal component of other cellular signal transduction pathways.
Activation or inhibition of PKR can occur in response to a number of agents, of which the most studied is
double stranded (ds) RNA. There is evidence for a cooperative mechanism in dsRNA binding, which causes a
major conformational change in PKR, suggested by previous experiments, including SANS (Carpick et al;,
1997). The different roles played by PKR in signaling pathways require different interaction mechanisms,
involving protein-RNA and protein-protein interactions. High-resolution structures of the protein or the
complexes are not available, because so far they have defied crystallisation. SANS is a particularly appropriate
method for this study because of the highly dynamic nature of the system, in the sense that the different
components may show significant structural flexibility reflected in conformational changes during the
interactions.
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Results

In this SANS experiment on KWS-1, the samples were wild type PKR, the corresponding monoclonal antibody
MCA, the complex between them (as in crystallography, forming a complex with a 'known' structure helps in
the solution of a low resolution structure by SAS), and HIV TAR RNA. Measurements of the different
components were performed over a wide angular range (wavelength 7 Å, 2, 4 and 8m detector positions). The
RNA solution structure was characterised as monodisperse but the complex formation failed because of a
problem in sample preparation. Data corresponding to the oligomeric states and conformations of the PKR and
MCA molecules, under different solvent conditions, and of the PKR-MCA complex were obtained, and have
been modeled by using the programs of Dimitri Svergun. The results are revealing. They represent the first
reliable quantitative models of the shapes and dimensions of the PKR dimer, tetramer and the antibody-PKR
complex. Of special interest are the differences in conformation observed for wild type PKR in dimer, tetramer
and complex formation, which offered a rare glimpse of the flexibility of the molecule in solution and may
explain the inherent difficulties encountered in crystallization attempts. A manuscript is in preparation based on
these SANS experiments for submission to the Journal of Molecular Biology, with the following authors and
title:

Wang D., Gabel F., Xu Z., Kwaku D., Schwahn D., Zaccai G., Williams B. R. G., and Lee X.
'Dynamic structures of human double stranded RNA-activated kinase PKR in solution'
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Experimental report text body
The aim of the project is to follow the process of the calcium carbonate mineral formation in-situ in the
presence of hyperbranched polyglycerol. These experiments have to be seen in context with our studies on the
protein Ovalbumin which appears as a template for amorphous calcium carbonate formation. In the presence of
Ovalbumin the amorphous polymorph of the calcium carbonate exists for at least two hours, and then
transforms to the more stable crystalline polymorphs.
In this proposal we studied the mineralization of the CaCO3 in the hyperbranched polyglycerol of polymer
weight 2000(PG2000) and 5000(PG5000) in the units of cm3/mol. Polyglycerol forms micelles above a critical
micelle concentration (CMC). The CMC of PG2000 and PG5000 was given as 14mg/ml and 12 mg/ml from the
producer, respectively. We measured the form factor of the individual chains and micelles above and below the
CMC, namely at 5 and 25 mg/ml.
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Fig.1 The scattering profile of the P2000 and P5000 samples.
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with and without CaCl2.

Form Version: 19.02.03

1

260

Figure 1 shows the scattering profiles of the PG2000 and PG5000 samples above and below the CMC. As
we can see the profiles above and below CMC are just scaled by the factor 5, which is in consistence with the
ratio of the volume fraction. The scattering profile of the P5000 sample was fitted with the cylinder form factor
of infinite length, as depicted by the lines in Figure 1(a). Both the 5 and 25mg/ml samples are characterized by
a cylinder radius of R=50.8Å. As a result the hyperbranched polyglycerol forms cylindrical micelles and the
CMC is below 5mg/ml.
A somewhat different situation is found in the PG2000 sample. Within the high Q range the individual
form-factor of the polyglycerol chain is fitted in the Guinier approximation with the radius gyration Rg=12.2Å.
Within low Q range the aggregated structure of the polymers follow the Q-1 scaling law. In both cases (5 and
25mg/ml) we see a coexistence of the cylindrical micelles and individual chains.
In Figure 2 the scattering profile of the PG2000 polymer in D2O is plotted with and without calcium
chloride salt. No influence of the ions on the polyglycerol is observed.
In a next step we studied the mineralization process of CaCO3 in H2O and H2O(0.24)/D2O(0.76) by gas
diffusion technique. In the last solution the crystalline polymorphs of calcium carbonate are nearly matched
while in the H2O-mixture both amorphous and crystalline phases are visible. In Figure 3 the scattering curves of
the PG5000 sample just before and after 11 hours of reaction are shown in matching condition of the
amorphous CaCO3(H2O(0.6)/D2O(0.4)). No formation of the minerals was observed. Only the formfactor of the
micelle is detected during reaction.
In the H2O solution of PG5000 the formation of the compact particles of crystalline calcium carbonate is
found after 2 hours as one can see in the figure 4 from the scaling exponent exponent 4. The size of the minerals
is larger than 2000Å. Therefore we can only determine the scaling exponent D and the prefactor PD according to
d6/d:(Q)=PD/QD. During the first two hours we see a continuously increase of the compactness. The scaling
prefactor P4 is plotted as a function of time in figure 5 for three samples, namely for the PG5000 (5 and 25
mg/ml) and without polymers (homogeneous mineralization). We can conclude that the hyperbranched
polyglycerol leads to a smaller mineral surface area (P4~S) that means a larger mineral particle. An increase of
the number density of the micelles causes an increased number density of the mineral particles.
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Experimental report text body
An A-B diblock copolymer consists of two chemically different, covalently bonded macromolecular chains. If
these exhibit different solubilities, micelles are formed in appropriately chosen solvents. In a non polar solvent
for example the non polar chain segment is dissolved while the polar chain segment is insoluble and tends to
form the core of a micelle. According to the chemical and physical interactions characterizing the monomer
units, the micelles can bind other components, for example leading to complexation or binding of a transition
metal compound. In our case the micelle cores are loaded with a transition metal salt (HAuCl4) which can be
reduced to metal nanoparticles.
Dilute solutions of loaded micelles can be used to prepare a thin self-assembled film on a flat substrate. The
film is created by dipping the substrate into the micellar solution and pulling it out again at a controlled
velocity. If the conditions are chosen appropriately a micellar monofilm is built after evaporation of the solvent.
Subsequent plasma treatment can be used to remove the polymer, which means that only small metal nanoparticles are left on the substrate. The location and order of the particles corresponds to the quasi-hexagonal
pattern of the closely packed micelles in the original film. This rather regular pattern can serve as template for
the building up of nanodot arrays instead of using e-beam lithographic methods with the advantage of easy
achievable nanometer sizes with low costs.
The goal of our experiment was to characterize the solution properties of the loaded and unloaded micellar
solutions which serve as starting material for the film preparation. In the SANS experiment we have measured
the solution properties of loaded micelles with fixed block length ratio (Poly2) but varying amounts of gold
load. Concentrations have been varied between those relevant for film preparation down to dilute solutions to
obtain the form factor yielding information about the structure of a single (loaded) micelle. The dilute solution).
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results are shown in figure 1 as a function of the Au load for Poly 2. In addition a micelle built from more
asymmetric diblock-copolymers (Poly1) has been measured for one (intermediate) gold load. Figure 2 shows a
comparison between Poly 1 and Poly 2 with the same gold load. A loaded micelle with a more extended outer
shell allows building nanodot arrays with larger spacing.
Currently we are completing our data by performing dynamic (DLS) and static (SLS) light scattering
experiments on the same samples. From first DLS results we can exclude aggregation in our samples for all
concentrations. Extension of the SANS spectra by SLS to lower q values will allow us to determine the density
profile of a single micelle by the inverse Fourier transformation and square root deconvolution method
introduced by Glatter [3].
References:
[1] J. Spatz, M. Möller and P. Ziemann, Phys. Blätter 55, 49 (1999).
[2] J. Spatz, S. Mössmer, C. Hartmann and M. Möller, Langmuir 16, 407 (2000).
[3] O. Glatter, J. Appl. Chryst. 10, 415 (1977); J. Appl. Chryst. 14, 101 (1981).

Figure 1:
Form factor measured for
loaded micelles with fixed
block length (Poly 2) but
different gold load.

Figure 2:
Form factor measured for loaded
micelles with different block
length but same intermediate gold
load.
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Experimental report text body
Mullite (3 Al2O3 x 2 SiO2) is the only stable crystalline phase in the system Al2O3 x SiO2 and is of fundamental interest for
high temperature applications. Here we investigate the influence of different carbonic acids on the structure of sol-gel
derived mullite precursors.
First aim was to investigate the influence of pyrolysis temperature on structural development. Therefore we used
amorphous precursors derived by propionic acid sols as synthesised and after being pyrolysed at different temperatures
in air.
As the most prominent observation we were unable to detect differences in the slope which was -3.6 – -3.7. In low Qregion we found evidence for structures of about 140 nm (r 8 – 40 nm) in all precursors. Yet the B-Value was a bit
different, i.e. the B-value is increasing until pyrolysis temperatures of 300 °C and decreases at higher pyrolysis
temperatures drastically. This is due to the fact, that at the low temperatures the powders contain still lots of organic
residues, which are removed as temperature increases, generating micropores. At even higher temperatures the Bvalue is decreasing which can be related to an ordering process as can be seen in the high-Q region. An other
observation is that the scattering density is decreasing with increasing pyrolysis temperature, which is due to the fact,
that more organic residues are removed at higher pyrolysis temperature. Anyway the structure is not changing
dramatically by this process. So the remaining organic compounds have only a minor influence on the structure in
differently pyrolysed precursor of the same system.
Our next aim was to observe differences between the crystalline and amorphous precursors, that were both pyrolysed at
300 °C. This observation is visualised in figure 2, where we compare the amorphous and the crystalline precursor derived
of the propionic acid sol. The radius of gyration in case of the crystalline precursor is smaller (111 nm r 0,02 nm) than in
the amorphous precursor (145 nm r 12 nm).
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Figure 1: Influence of pyrolysis temperature on
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Figure 2. Amorphous and crystalline precursors of
proplonic acid sol, each sample was pyrolysed propionic
1h at 300 °C in air.

Figure 2: Amorphous and crystalline precursors of propionic
Yet the main difference is the slope. At high-Q region the slope of the crystalline precursor was -2.4 which can be
related to mass fractal. In contrast, the slope of the amorphous precursor was -3.6, which is related to rough particles of
a certain degree of surface fractal. Furthermore, in case of crystalline precursor, there is a second region of scattering
at high-Q values observable, which is due to smaller particles. The latter were particles with a sharp interface (slope -4)
which leads to the conclusion that the smaller particles are aggregated yielding a porous mass fractal material with an
inorganic backbone.
The influence of the length of the carbonic acid was evaluated then, comparing amorphous and crystalline precursors
after pyrolysis at 300 °C as is visualised in figure 3 and figure 4.
The scattering pattern of the amorphous hexanoic acid precursor pyrolysed at 300 °C differed only slightly from the
already discussed amorphous precursor of the propionic acid sol, yielding same slope (-3.6) and almost the same
radius of gyration (134 nm r13 nm). In contrast to the precursor derived by the propionic acid sol, in this case there were
also smaller particles with sharp interface (slope -4) and a radius of gyration of about 7 nm contributing slightly to the
scattering pattern at high Q-area. In case of the crystalline precursors being pyrolysed at 300 °C in air, there were more
significant differences observable, especially between precursors derived by propionic acid sols and such with longer
carbonic acid. The scattering pattern derived by crystalline precursors of hexanoic acid sol showed at low-Q a slope of 3.9 which is consistent with particles of sharp interface and a radius of gyration of 148 nm r 8 nm. Amazingly in case of
precursors of the nonanoic acid sol the slope was only -3.3 which can be related to surface fractal structures. The radius
of gyration was in this case 135 nm r4 nm.
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Figure 3: Amorphous precursor of the propionic
and hexanoic acid sols after 1 h pyrolysis at 300 °C
in air.
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Figure 4: Crystalline precursor powder of the
propionic, hexanoic and nonanoic acid sols after
1 h pyrolysis at 300 °C in air.

Both of the crystalline precursors derived of hexanoic and nonanoic sols rather resemble the amorphous precursor of the
propionic acid sol. The crystalline precursor of the propionic acid sols seems to exhibit unique properties leading only in
this case to mass fractal structures.
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Experimental report text body
The process of divanadium pentoxide (V2O5) nanorod formation and growth by reverse micelle technique was
investigated in-sito by time resolved small angle neutron scattering (SANS). Controlling the in-vitro formation
of nanostructures with predicted properties is a global aim of nano science.

-1

d6/d:[cm ]

Within the frame of this proposal we investigated the process of the nanorod formation with the water to
surfactant (AOT) ratio of W=[H2O]/[AOT]=10 and 25
(W10 and W25). First, we measured the template structure
AOT/D-Isooktan/
H2O(25)
D2O(25)/25C
of the W10 and W25 sample at 25°C and 50°C in three
2
Rg=43.44±0.01A
10
different contrasts: namely, (a) core contrast (UWater>>
UShell=UIsooctane), when only the water core of the droplets is
visible; in this case we used a mixture of the protonated
1
10
isooctane (h-Iso), deuterated isooctane (d-Iso) and
deuterated water (D2O); (b) “near” core contrast
0
(UWater>>UShell>UIsooctane): protonated isooctane (h-Iso),
10
deuterated isooctane (d-Iso), and deuterated water (D2O);
(c) shell contrast (UIsooctane|UWater>>UShell): deuterated
-1
10
isooctane (d-Iso) and D2O were used.
-2
-1
10

10

-1

In Fugure 1 the scattering curves of the AOT micelles in
shell and total contrast are plotted. The scattering profiles
were analyzed by the core-shell model taking into account
the resolution function and size distribution.
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Figure 1. The scattering profile of the micelle in the total
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1

266

The radius of the core and shell versus water-to-surfactant
ratio is shown in Figure 2. The radius of the AOT micelles
in isooctane was derived as 18Å. The thickness of the
shell of the droplet is close to this value.
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The next step was to follow the in-situ formation of the
vanadium oxide nanorods. We performed four series of
experiments. First, we studied the reaction in deutered
isooctane and heavy water. In this case only the AOT shell
and the VOX nano-particles are visible. The scattering
profile of the W0=10 and 25 sample obtained after 24
hours is depicted in Figure 3(a). The scattering crosssection of the microemulsion system was just measured
before reaction (see lines in Figure 3). Immediately after
mixing the vanadium oxide particles form a strong upturn
within the low Q range (Figure 2). No further change of
the scattering was obtained at least during 36 hours of
reaction.
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Figure 2. Radius of the core of the droplet versus Water/
Surfactant ratio.

We repeated the time resolved study with a matched AOT shell (matched to Isooctane). In this case only the
D2O core contributes to scattering. The lines in Figure 4 correspond to the scattering of the microemulsion
before reaction. Core scattering masks the signal from the vanadium oxide aggregation within high Q range.
The general conclusions obtained from the experiment is: (a) the reaction is fast; (b) during the reaction only a
vanishingly small amount of water is used; (c) to obtain information about the size and morphology of the
vanadium oxide one has also to match the core of the droplet.
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Figure 3.The scattering curve of the system d-Isooctane/AOT/D2O with
W0=10 and 25 after 24 hours of the reaction.
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Experimental report text body
Polarized 3He, based on its strongly spin-dependent scattering or absorption on the neutrons, is a very
versatile filter for the polarization of neutron spins, both for the beam of incident neutrons and for the analysis
of the scattered neutrons. It is generally believed that the 3He relaxation time, *He, is mainly from the wallrelaxation and the relaxation between alkali-metal and noble-gas atom pairs (for SEOP case). The wallrelaxation can be improved by using different glasses as cell material or different process for cell preparation.
For example, some glass materials are good for having long relaxation time, but are not good candidates for
neutron spin filters because of their high B content. In addition to the high neutron absorption of B, there is
another concern for a small angle scattering experiment of the scattering at low wave vector transfer Q.
Therefore, it is necessary to test the scattering performance on each cell made of different glass materials before
efforts have been devoted to polarized 3He in the cells.
Three different cells are tested in the experiments. Two of them were made of Pyrex and GE180 glasses
separately here in Jülich, and the other was obtained from NIST, which is sealed and contains 3He gas and Rb.
Fig. 1 Schematic design for KWS-1.
M1, M2, and M3 are neutron
monitors installed at different
positions
M1

M2

M3
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Fig. 1 shows the experimental setup and schematic design of KWS-1. Cells were put at the sample position for
the experiments. M1, M2 and M3are three monitors at different positions. The transmission is defined as the
readings of M3/M2. Fig. 2 is the experimental results of free space at sample position and three different cells.
1E-3
Pyrex
GE180
NIST
Empty
Intdet/ M2

1E-4

1E-5

1E-6
1E-3

0.01

0.1

Q

The cell made of GE180 shows a good performance in the neutron scattering process. The neutron scattering
curve is almost identical to the empty beam except a little deviation at low Q. In calculation, the GE180 cell has
87.8% transmission. In contrast to the GE180 cell, the Pyrex cell has a very low transmission rate in the
experiment (only 0.054%). It may relates to the high boron contain in the glass material. Because of the
existence of 3He in the NIST cell, only 3.7% of transmission was detected for the NIST cell.
Fig.3 shows the scattering difference, Idif= IGE180-TGE180*I Empty, between GE180 cell and Empty beam by using
the transmission calibration of GE180 cell.

Idif

1E-5

1E-6

Idif= IGE180-TGE180*I Empty
1E-7
1E-3

0.01

0.1

Q

The curve reveals the uniformity of the scattering at different Q, and shows the good quality of GE180 glass for
neutron scattering.
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Experimental report text body
The experiment aimed to test the installation and operation of the new Rheowis rheometer in the KWS
environment.
The installation of the instrument on the standard sample table was possible using a special adapter plate. The
rheometer is designed to operate at high rotational speed, we measured up to shear rates of 8000 Hz
successfully. For the future even 10.000 Hz might be possible, but require some small improvements in the
instrument. We studied the scattering from several diluted and concentrated samples of protonated and
deuterated PEP1-PEO20 in water and water/DMF mixtures.
The KWS-1 instrument received a major upgrade during the the spring of 2004 and we were among the first
users after this has finished. Several difficulties occurred, among them problems with the detector electronics,
the software and a undesired tilting of the detector. Some experiments have also been made at the KWS2
instrument after it received the major upgrade. We found problems also with the data from these measurements,
especially the transmissions were not reliable and the software crashed sometimes.
So far we measured the shear behaviour of the structure factor of h-PEP1-h-PEO20 at a volume fraction of 3%
(see Figure 1). With increasing shear rate a shift of the peak position to lower Q has been observed. The origin
of this effect is not fully understood yet. Secondly the shear behaviour of the form factor of PEP1-PEO under
zero average contrast conditions has been studied. The results of this measurement are shown in Figure 2. We
found a deacrease of the scattering intensity at low Q with increasing shear. Further evaluation of this complex
system is necessary to obtain a comprehensive picture of the structural effects of shear appliance to that
colloidal system.
For the forthcoming experiments the setup will be improved to allow for measurements in tangential
configuration. These changes will be finished in middle of 2005.
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Figure 1: Shear dependence of the scattering from aqueous h-PEP1-h-PEO20 solution with a polymer volume
fraction I=0.03.
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Figure: Shear dependence of the form factor of PEP1-PEO20 micelles, measured in zero average contrast.
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Experimental report text body
Research into the interaction between charged spheres and oppositely charged chains has a number
of motivating factors. In addition to traditional industrial applications such as colloidal stabilisation,
the complexation and resultant compaction of biomolecules is also of great interest; they have
potential use in targeted drug delivery, and specifically in the case of DNA, for gene therapy. A large
theoretical and simulation literature on such systems exists in the context of modern scaling theories
(an excellent recent review of the topic can be found in [1]), but it is only more recently that there has
been experimental work on the phenomena involved (examples in [2], [3] and [4]).
The complexation behaviour of linear DNA (negatively charged) with surface functionalised submicron latex spheres (net negative charge but areas of both positive and negative charge on the
particle surface) is studied by dynamic light scattering (DLS), small-angle neutron scattering (SANS),
small-angle x-ray scattering (SAXS) and zeta potential measurements. SANS offers a method of size
analysis which is very complementary to DLS, as particle sizes in this case are unaffected by drag,
and smaller length scales can be probed.
We elected to use polystyrene latex microspheres as the macroion. These have carboxyl surface
groups and are additionally functionalised with (aliphatic) amine groups. They are purchased
suspended in distilled deionised water (surfactant free) at concentrations of up to 4% solids. The
spheres have a net negative charge at pH7, as the carboxyl groups are completely ionised, but only
some of the amine groups are protonated. Consequently, it is possible to consider the spheres as if
they are positively charged with an adsorbed layer of DNA, already in the overcharging regime.
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This is also a useful property as it avoids the precipitation that would occur if the total number of
positive and negative charges in the sample were equal, and also prevents the spheres adsorbing
onto the surface of the quartz cuvettes used in DLS and SANS.
SANS measurements were made using KWS1 at camera lengths of 2, 8 and 20m. Samples
consisted of herring DNA (purchased from Aldrich) at a concentration of 800µg/ml with polystyrene
spheres of R=54nm (amine functionalised, purchased from Polysciences) or R=10nm (aliphatic
amine functionalised purchased from IDC Latex) at concentrations of 100-800µg/ml suspended in
water. (N.B. Water was used as a solvent in order to maximise contrast with DNA, the component of
primary interest in this case.) Concentrations were varied to give a range of mass ratios of between
1:1 and 10:1 (DNA:spheres).
Using a polydisperse sphere model, the SANS cross section of bare 54nm spheres (collected on a
previous visit to the facility and not illustrated here) suspended in D2O (to maximise contrast with
polystyrene) was fitted and the following values were found; R = 64.9 ± 11.3nm, which are in
agreement with the value provided by the manufacturer of 54 ± 4 nm (measured by TEM). Data from
a sample containing these spheres with adsorbed DNA are presented in Figure 1 (Csphere = 400
µg/ml, CDNA = 800 µg/ml). Using a polydisperse core-shell model to fit these data, with parameters
from the fit to the bare sphere constraining the core, we found a core radius of 65.3 ± 11.4 nm and a
DNA layer thickness of 10.0 ± 3.3 nm, with ȡshell = 2.9e10 cm-2. This is close to ȡDNA = 3.4e10 cm-2
suggesting that the shell contains significantly more DNA than solvent. We also used the
polydisperse sphere model for comparison and found R = 75.7 ± 9.6 nm. The fact that the total
radius given by the two methods is similar despite differences in ȡ suggests that neither method is
ideally suited to this particular sample. (Visual examination of the data agrees – the polydisperse
sphere model provides a better fit to the first minima but is damped too rapidly, while the polydisperse
core-shell model is too oscillatory.) Consequently the model is currently being modified to give a
variable density profile to the core, and it is hoped that this will provide a superior fit to the data.
Differences in the layer thickness obtained from SANS and DLS (10nm compared to 20nm for a
2:1 sample containing R=54nm spheres as illustrated here) stem from the fact that the adsorbed
layer is not a hard sphere layer constructed from DNA, but something more subtle, for example
partially compact and partially extended out into solution. DLS, SANS and zeta potential
measurements all provide evidence indicating the presence of an adsorbed DNA layer on the surface
of the spheres. Only by interpreting this data as a whole will we begin to pull together a clearer
picture of the structure of these complexes.
100

10

-1

d6/d: (cm )

Figure 1 : Scattering curve from a sample of R = 54nm
aminated spheres with an adsorbed layer of DNA, at a
mass ratio of 2:1 (Csphere = 400 µg/ml, CDNA = 800 µg/ml).
Two models have been used to fit the data, a
polydisperse sphere model and a more complex
polydisperse core-shell model.

experimental data
polydisperse sphere model
polydisperse core-shell model
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Experimental report text body
The self-assembling processes of fluorinated surfactant molecules in water
are the subject of our research group since the year 2000. Water is the
most important medium for a wide range of applications. The association
behaviour in water is relevant to both performances in the use and in the
issue of environmental concern. However, in the scientific literature, few
perfluoropolyether (PFPE) micellar solutions have been accurately
characterized at the level of the microstructure.
We are characterizing by SANS a class of fluorinated micellar solutions in
aqueous phase composed by monocarboxylic PFPE surfactants with perfluoroisopropoxy units in the chain that is chlorine - terminated. The acid
formula is Cl(C3F6O)nCF2COOH; in the salt the hydrogen atom is substituted
by a counterion. Micellar solutions with n=2 and several counterions
(ammonium, potassium, lithium, sodium, cesium and diethanol ammonium) have
been investigated as a function of concentration and temperature. The
results are reported in references [1-3].
The study of ammonium micellar solutions with a different length in the
surfactant chain, n=3 or 4 or 5, is in progress. In particular, in the
last measurements in Julich (KWS-1), we measured ammonium micellar
solutions with n=3 or 4 units in the surfactant chain and with mixtures of
surfactant chains n2/n3/n4. Some samples were also measured at the U-SANS
machine (KWS-3). In fact, based on preliminary measurements, we expected
particle sizes much larger than for the n2 homologous ammonium micellar
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solutions. The n2 micelles were characterized in previous SANS experiments,
showing an average diameter ~40Å and ellipsoidal shape (core short axis
13Å and axial ratio ~2.3) or spherical shapes (core radius 15Å) depending
on surfactant concentration[1,2].
In Fig. 1 is shown the spectrum of the n3 ammonium sample at surfactant
concentration C=0.6 wt % and 40 C. A preliminary analysis was performed to
find the size and shape of the particles in solution that were found to be
of disc shape with a large radius of 390Å and a 14Å height. The Porod
region at high Q was also analysed leading to an area per surfactant polar
head of 47Å2. This last value is compatible with the value found on LB
monolayers (work in progress).

We are also investigating aqueous micellar solutions of bifunctional PFPE
surfactant of bola type having a polar group at each end of the chain that
are able to form a rich spectrum of self - association structures.
Interest for bifunctional PFPE derivatives is growing for higher
availability in the synthesis process and an expected favorable
toxicological profile. In Julich, last October, we measured by KWS-1
apparatus aqueous micellar solutions with three different surfactants of
bola type as a function of concentration, temperature and with or without
salt. The data analysis is in progress.
[1] Gambi C.M.C.; Giordano R.; Chittofrati A.; Pieri R.;
Baglioni P.; Teixeira J., Applied Physics A 2002, 74[Suppl.], S436.
[2] Gambi C.M.C.; Giordano R.; Chittofrati A.; Pieri R.; Baglioni
P.; Teixeira J., J. Phys.Chem. A, 2003, 107, 11558-11564.
[3] Gambi C.M.C.; Giordano R.; Chittofrati A.; Pieri R.; Baglioni
P.; Teixeira J., J. Phys.Chem. (submitted).
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Experimental report text body
Introduction
The second order non linear optical materials have a wide application field, one of the main fields being
turnable sources on a large spectral range, such as parametric light sources and wavelength converters. Glasses
are promising materials for non linear optics, thanks to their easy processing, their low price and the possibility
of varying their composition and shape at ease.
Second order non linearity can be induced in glasses in several ways, one of these being the nanostructuring of
the glass. Nanostructuring of glasses can be obtained either through phase separation from a glass matrix and
crystallisation or by dissolution of crystals in a glass matrix.
Dissolution of non-linear optical KNbSi2O7 crystals in a glassy matrix
We synthesised nanocomposites by dissolving non linear optical crystals of KNbSi2O7 in a glassy matrix based
on lead germanate PbGeO2. The dissolution was carried out between 800 and 950°C for different times so as to
obtain different dimensions of the dissolved crystals. The matrix of glass composites was chosen because of the
similarity of its refraction index with that of the crystalline phase (requisite of transparency).
Figure 1 shows the SANS curves of the as quenched glass (curve a) and the glasses heat treated at 950°C (curve
b) and 990°C (curve c) for 7 min. Even if heterogeneity of the samples is visible in the small q-range, the
effective experimental points cannot be easily separated from the error due to the presence of the beam-stop.
Anyway, from SANS curves we can suppose that the crystals KNbSi2O7 in the glassy matrix were dissolved up
to sizes that can not be observed with the help of the used setup. We may suppose that it is necessary to cover a
wider q-range (for larger q values) in order to check the presence of very small heterogeneities (less than 30 Å)
in samples.
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Fig.1- SANS curves of nanocomposites of KNbSi2O7 in a glass matrix PbGeO2 (a) as quenched, (b) heat treated
at 950°C for 7 min. and (c) heat treated at 990°C for 7 min.
Since the results obtained are not satisfying, we tested also nanostructured samples obtained by the alternative
method of phase separation and crystallisation by means of heat treatments.
Nanostructuring by thermal precipitation in LiZnNbSi glasses
The nanostructured glasses were obtained by precipitation of crystals from the glass matrix LiZnNbSi through
phase separation and crystallization, by means of heat treatments. The heat treatments were carried out between
600 and 620°C for 30 min so as to obtain different dimensions of the precipitated crystals. Figure 2 (a) shows
the SANS curves of the as quenched glass (curve 1) and the glasses heat treated at 600°C (curve 2) and 620°C
(curve 3) for 30 min. SANS experiments show that LiZnNbSi system exhibits phase separation on the
nanometric scale. SANS curves hint on very stable nanostructures at temperatures until 620°C. From the
Guinier plot in figure 2 (b) we can calculate that initial glass contains small quantity of very small
heterogeneities with diameter about 50 Å. Heat treated glasses have particles of diameter near 100 Å. With the
help of XRD, where ordering of the structure is evident, we can suppose that amorphous nanostructure
transforms to crystal-like nanostructure (most likely close to LiZnNbO4 tridimite-like structure).Hence, we
established the thermal conditions that are able to create a nanostructural state of LiZnNbSi glasses. Study of
nanostructured glasses by XRD shows the precipitation of nanocrystals of LiZnNbSiO4 with tridimite-like
structure. These crystals are non-centrosymmetric and we expected good SHG from these nanostructured
glasses. But SHG is established to be very small. It means that we will continue the search for glass
compositions for which we can increase the non-linearity of the nanostructure.
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Fig.2- SANS curves of LiZnNbSi glasses (1) as quenched, (2) heat treated at 600°C for 30 min. and (3) heat
treated at 620°C for 30 min. (a) linear plot (b) Guinier plot.
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Experimental report text body
The aim of this experiment was to study the structural features of tungsten (W) wires, used as incandescent
coils in light sources.
To improve the creep properties and to lengthen the life-time of the wires the so-called AKS (Aluminum,
Potassium, Silicon) doping procedure is used. The most apparent difference between the undoped and doped
wires is that the pure W wire consists of small equiaxed grains and the doped W wire has large, elongated grain
morphology. After uniaxial thermomechanical treatment the cross section of the recrystallized wire is filled by
2-3 grains, having aspect ratios greater than 10. While pure wire breaks in a short time after a great elongation,
the doped wire has very small deformation and breaks after a long time. Electron microscopic measurements
give information only about a cutting surface of the wires, however the most important task is to study the
potassium inclusions (which remain is bubbles after the thermomechanical steps) behavior in the whole volume
of the wire. After the annealing and wire drawing only the potassium remains trapped in the form of small pores
(with characteristic diameter of 100 nm) in the sintered bar, the silicates thermally decompose and diffuse either
through the W matrix or through channels in the open porosity during sintering. The heat treatment of the
potassium content tungsten wires causes the spheroidisation of the elongated potassium filled bubbles with
vanishing anisotropy. This process can be well followed by the SANS technique.
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The two-dimensional intensity distribution from SANS experiment enabled us to observe directly the
morphology of bubble inclusions of sintered tungsten. As a consequence of oriented macroscopic strain,
parallel to the wire axis, after the wire drawing the bubbels are more ellipsoidal (with an aspect ratio of 10 of
the ellipsoids of revolution’s axes) and are oriented parallel to the wire axis. During heat treatments the
ellipsoids transform into spherical bubbles or break up into rows of bubbles. From the SANS point of view the
sintered body should be regarded as a two-phase system having sharp interfaces between the solid material and
gas filled bubbles.
From previous SANS measurements with the aid of a simple data treatment we could follow step by step the
morphology development of the potassium bubble inclusions in the tungsten matrix, however the usual method
of calculating the radius of gyration couldn't be used because the complexity of the studied system, the
available Q range (0.005-0.05 Å-1) and the long measuring times. The measurement on KWS-1 allowed us to
choose the sample to detector distance and the wavelength in such a way to achieve smaller Q values than it
was possible in our previous measurements at other SANS instruments.
The samples were taken from the following steps of the annealing: unannealed; annealed at 700°C; annealed at
1150°C, annealed at 2200°C. The 0.5 mm diameter tungsten wires were placed in 3 layers in an aluminium
sample holder. The detector distance was 20m, and the wavelength as 10 Å. On the following figure can be
seen the calibrated 2D scattering maps and cut filters along y axis: log(Int)=f(qy), the min. Q value is 2*10-3 Å-1.

For adequate data treatment a proper two-dimensional fitting model is being built, radical changes of the used
2D fitting program and the absolute calibration of 2D data will be made.
Further investigation will be performed at smaller Q values, using the USANS (KWS-3) instrument at FZJ.
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Experimental report text body
We have developed the synthesis of benzene-centered porphyrin hexamers and dodecamers (Scheme 1),1, 2
which were designed to aggregate in solution and at interfaces due to supramolecular interactions (ʌ-ʌ stacking)
in combination with their disklike shape.3, 4 Porphyrin dodecamers have a more extended surface of ʌ-electrons
than hexamers (12 porphyrins are arranged in a circular fashion around the core molecule, instead of 6 in
hexamers) and were therefore expected to aggregate more strongly.

Scheme 1.
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Recent Scanning Tunneling Microscopy (STM) studies revealed that porphyrin hexamers and dodecamers selfassembled into micrometer long columnar stacks at a graphite-solution interface.2, 5 It was observed that zinc
porphyrin hexamers and dodecamers (Zn-6 and Zn-12) formed even more stable assemblies at the interface in
the presence of DABCO (1,4-diazobicyclo[2.2.2]octane, Scheme 1), a small bidentate ligand molecule that
serves as a “supramolecular glue” and connects the porphyrins. Since the role of the interface was unclear and it
was uncertain whether these metal-directed assemblies were also formed in the solution phase, several
(UV/Vis- and 1H NMR-) spectroscopy studies were carried out, which indicated that in chloroform solutions,
supramolecular complexes were formed in which the ligand is sandwiched between the porphyrins. These
supramolecular aggregates, which are spontaneously formed are of great interest, not only for a better
understanding of the supramolecular principles of non-covalent interactions between the molecules but also in
particular for their application in catalysis. In the case of manganese porphyrin hexamers Mn-6, the observed
activity, stability and selectivity of the catalytic system (in epoxidation reactions in dichloromethane solutions)
were attributed to the formation of supramolecular assemblies of Mn-6 with DABCO as depicted in Figure 1a.
a

b

Figure 1. a) Schematic representation of supramolecular complex of metalloporphyrin hexamers with DABCO, in which
DABCO is sandwiched between the hexamers. b) Scattering profiles of solutions of Zn-6 with DABCO in deuterated
chloroform at the original concentration of [Zn-6]=2.8 mM and at a 2/3 times diluted concentration.

Now for the first time with the help of SANS-experiments we have obtained the direct evidence that indeed
rodlike aggregates are present in (deuterated) chloroform solutions, which was most obvious from the scattering
profile of Zn-6 with DABCO (Figure 1b). Curve fitting of the scattering profiles, using a model for cylindrical
aggregates, yielded for the solutions of all measured compounds (H2-6, H2-12, and Zn-6 and Mn-6 with
DABCO) a contrast factor of 2.610-19. This corresponds to an average scattering length density (SLD) for the
objects of 2.710-10 cm-2, which is very similar to the estimated SLD of the porphyrin moieties (i.e. 3.010-10 cm2
). This agreement demonstrates an exceptional accuracy and consistency of the simulations of the scattering
profiles. The dimensions of the rods of Zn-6 with DABCO were estimated from curve fitting; the length of 360
Å corresponds to a stack of about 30 hexamer molecules and the radius of 35 Å is in excellent agreement with
the value predicted by Molecular Modeling. Dilution experiments showed that the length of the rods is not
concentration dependent, while the scattering intensity scaled linearly with the concentration (Figure 1b).
1
2
3
4
5

H. A. M. Biemans, A. E. Rowan, A. Verhoeven, P. Vanoppen, L. Latterini, J. Foekema, A. Schenning,
E. W. Meijer, F. C. de Schryver, R. J. M. Nolte, J. Am. Chem. Soc. 1998, 120, 11054-11060.
M. C. Lensen, S. J. T. Van Dingenen, J. A. A. W. Elemans, H. P. Dijkstra, G. P. M. van Klink, G. van
Koten, J. W. Gerritsen, S. Speller, R. J. M. Nolte, A. E. Rowan, Chem. Commun. 2004, 762-763.
M. C. Lensen, K. Takazawa, J. A. A. W. Elemans, C. R. L. P. N. Jeukens, P. C. M. Christianen, J. C.
Maan, A. E. Rowan, R. J. M. Nolte, Chem.-Eur. J. 2004, 10, 831-839.
C. R. L. P. N. Jeukens, M. C. Lensen, F. J. P. Wijnen, J. A. A. W. Elemans, P. C. M. Christianen, A. E.
Rowan, J. W. Gerritsen, R. J. M. Nolte, J. C. Maan, Nano Lett. 2004, in press.
J. A. A. W. Elemans, M. C. Lensen, J. W. Gerritsen, H. van Kempen, S. Speller, R. J. M. Nolte, A. E.
Rowan, Adv. Mater. 2003, 15, 2070-2073.
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Experimental report text body
In this experiment we explored the time evolution
of the mineral formation in the presence of fetuin-A

Formation of calcium phosphate

in D2O aqueous solution. Before starting the
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Figure 2
Figure 2 shows a quantitative analysis of the scattering curves in figure 1. The figure on the left side shows
the radius of gyration and the intensity extrapolated to Q=0. The two-stage process is clearly visible; the size of
the particles first become 200Å and then after five hours continuously increase to sizes of the order of 600 Å.
The left hand side shows the second moment of the scattered intensity which only depends on scattering
contrast and volume fraction of the particles; these data show that in principle all Ca and PO4 is already
distributed within the particles right from the beginning.
More experiments in particular contrast variation experiments are needed to clarify this process.
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Experimental report text body
Supercritical carbon dioxide (scCO2) has attracted much attention as an environmentally friendly solvent. With
certain surfactants, it is possible to create water-in-scCO2 droplet microemulsions.
One commercially available surfactant which has been used in studies in supercritical CO2 is the non-fluorous
surfactant LS-54 (Cognis) [1], which has also been used for the first NSE-experiments in the pressure cell.
Droplet microemulsions and microemulsions with a water/CO2- ratio of 1 and high surfactant concentration
(>50%) have been prepared in the pressure cell and measured with the KWS1.
Samples with 3 vol % surfactant and 3 vol % water has been prepared to obtain a droplet microemulsion.
Starting in liquid CO2 with a temperature of 30°C and a pressure of ~72 bar, the temperature has been
successively increased to 40°C and 50°C at constant density of the CO2 (and hence increasing pressure). The
radius of gyration of the droplets, Rg, decreased from ~3.2 nm at 30°C to 1.7 nm at 50°C. A further increase of
the pressure at 50°C lead to a further decrease of the measured Rg.
Fig. 1 shows SANS data for the samples at 30, 40 and 50°C respectively at constant CO2 density.
The experiments contributed to the understanding of the behaviour of surfactant-water-CO2 mixtures and
helped to get experience in the handling of the pressure cell.
[1] J. Liu et al., Chem. Eur. J. 8 (2002), 1356
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Figure 1: SANS data of a water-in-CO2 droplet microemulsion at temperatures of 30°C (black), 40°C (red) and 50°C (green).
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Experimental report text body
Liposomes resulting from the self-assembling of phospholipids are important models of biological membranes
because their bilayer structure separates two aqueous media, like the cell plasmic membrane. From this point of
view, unilamellar vesicles are particularly relevant, also because they can be used as drug delivery agents. In
the present case, the structure of unilamellar liposomes built from amphiphilic dimyristoylphosphatidylcholine
(hereafter called DMPC) has been investigated by small angle neutron scattering using the KWS-1 and KWS-3
instruments at the FRJ-2 Reactor of the Forschungszentrum Jülich. The influence of two drugs on the liposome
structural parameters has been studied. The first drug, called ‘Rameb’ is a methyl derivative of E-cyclodextrin,
in which the methyl groups are randomly distributed on carbon atoms 2, 3 and 6 (average number of methyl
groups: 1.8 per glucopyranose unit). The second drug is cholesterol, which increases the membrane viscosity.
The unilamellar DMPC liposomes were prepared by extrusion through filters with a pore diameter of 90 nm.
The DMPC concentration in heavy water was set at 7.4 mM. The ‘Rameb’ concentration was equal to 0.8 mM.
For the experiments using cholesterol, the DMPC and cholesterol concentrations were respectively equal to 5.2
mM and 3.9 mM. The SANS scattering cross sections have been measured on the KWS-1 instrument at three
sample – detector distances (2m, 8m and 20m), covering the 0.0025 – 0.15 Å-1 momentum transfer (q) range.
Experiments limited to the DMPC-cholesterol mixture have also been performed on the KWS-3 high resolution
small angle scattering instrument, giving access to smaller q values (5u10-4 – 2u10-3 Å-1). The influence of the
temperature has also been investigated using the latter instrument in the 15°C to 58°C range.
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As an example, Figure 1 displays the macroscopic scattering cross section (units: cm-1) of the DMPC-Rameb
mixture measured on KWS-1. The simplest model that can be applied to extract structural information from
these data consists in describing the liposome as a hollow sphere of average radius R and thickness D. In the
framework of the “model of separated form factors”,[1] the macroscopic cross section can then be written as
follows:

d6
d:

2

º ª 2'n § qD ·º 2
N liposomes ª R 2
4
sin
sin ¨
S
qR
«
» «
¸» , where 'n is the difference between the scattering
V
© 2 ¹¼
¬« qR
¼» ¬ q

length density of the bilayer and that of the solvent. Minima in the scattering cross sections are thus expected at
q S R and q 2S D . These minima are, however, strongly attenuated by the distribution of liposome sizes.
The R and D values deduced from this approach are given in Table 1 (columns 2 and 3). To get more insight
into the bilayer structure, a more realistic description of the vesicles has been adopted. The lipid bilayer has
been divided into three parts: an internal hydrophilic sublayer, an intermediate hydrophobic sublayer and an
external hydrophilic sublayer. In addition, the water distribution in the hydrophilic parts of the bilayer has been
described by a sigmoid scattering length density profile, as suggested by Kiselev et al.[2] A reasonable
liposome size dispersity has also been taken into account. The following parameters could then be inferred from
the scattering data: the average radius, R, the hydrophilic and hydrophobic sublayer thicknesses, denoted
respectively as d and d’, and the number of DMPC chains per liposome, N. The data provided by this model,
which still has to be improved, are gathered in Table 1 (columns 4 to 7).
These data show that both models lead to compatible results. The model including hydrophilic and hydrophobic
sublayers shows that neither the addition of Rameb nor that of cholesterol affect substantially the hydrophilic
part of the bilayer. The hydrophobic part, by contrast, tends to become thicker with cholesterol, that is known to
associate with fatty acid side chains. No such effect shows up with Rameb, at least within the uncertainties
linked with the experimental data and with the data modelling.
[1] M.A. Kiselev, P. Lesieur, A.M. Kisselev, D. Lombardo, V.L. Aksenov, J. Appl. Phys. A 74 (2002) S1654
[2] M.A. Kiselev, E.V. Zemlyanaya, V.K. Aswal, Los Alamos National Laboratory Preprint Archives, Physics (2004), pp. 1-10

Sample
DMPC
DMPC +
Rameb
DMPC +
Cholesterol
1

R / nm 1
43 r 3
45 r 3

D / nm
4.5 r 0.3
4.8 r 0.3

R / nm 2
48 r 3
51 r 3

d / nm
1.2 r 0.5
1.0 r 0.3

d’ / nm
2.2 r 0.3
2.3 r 0.3

N
95u103
107u103

65 r 6

5.1 r 0.3

55 r 4

1.2 r 0.6

3.1 r 0.5

101u103

using the simple hollow sphere model – 2 using the model with hydrophilic and hydrophobic sublayers (see text)

Figure 1. Macroscopic scattering cross section for a DMPC (7.4mM) / Rameb (0.8mM) solution in D2O
recorded with the KWS-1 small angle instrument
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Experimental report text body
The process of divanadium pentoxide (V2O5) nanorods formation and growth by the reverse micelle technique
was explored in-situ by time resolved small angle neutron scattering (SANS). It is a global aim of nano science
to control in-vitro formation of nanostructures with predicted properties. In our previous study we investigated
this process with a ratio of water to surfactant (AOT) concentration W0=[H2O]/[AOT] of 10 and 25 (W10 and
W25). No change of the droplet morphology was found during the growth of nanorods. The scattering intensity
from the microemulsion was too large in order to separate the signal from the nanorods. The concentration of
vanadium precursor VO(OR)3 was kept the same as before (V1).
For the present measurements we increased the nanorods-to-background signal by double contrast variation
technique. The scattering length density of the surfactant molecules was matched completely by mixing
deuterated and protonated isooctane as well as heavy and light water. The volume fraction of heavy water in
D2O/H2O mixture was kept at the calculated matching concentration. The exact matching conditions of AOT in
isooctane were experimentally obtained by the contrast variation. The scattering intensity of the isooctane/AOT
mixture was measured for 12 compositions of a d-Iso/h-Iso mixture with volume fraction of d-Iso between 0
and 0.35. The matching point was located at )d-Iso=0.18.
Next, we studied samples under same conditions as in our previous experiments with a water-to-surfactant ratio
W10 (W25) and the vanadium precursor composition V1. The scattering intensity was found to be constant in
time. Intensity is so weak that there was no possibility to follow the reaction in-vitro by SANS.
To increase the intensity we performed the measurements of the W10 and W25 samples with ten times higher
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concentration of the vanadium precursor (V10). These samples W25-V1, W10-V10, W25-V10 show a clear
phase separation with a meniscus immediately after mixing the sample. The W10-V10 sample is homogeneous
at the beginning, but after some time a slightly gradual change of color appears near the bottom. The
Vanadiumoxide rich phase is located near the bottom of the cell, so that the neutron beam only passed the
vanadiumoxide poor phase. Hence, hydrostatic pumping through the cell or slow rotating the cell is desirable
for the next measurement.
In Fig.1 shows the scattering profiles of the W25-V10 and W10-V10 samples after 12 hours. The profiles are
time independed from reasons mentioned above. Within the low-Q range the Q-3 scaling is observed which is
characteristic for aggregates with an open structure. The size of these aggregates is larger 200nm. The internal
structure is described by the intermediate Q-range; the scattering curves follow a Q-1 scaling law that is
plausible for rod-like particles. The scaling prefactor P1 is a function of volume fraction of rods ), scattering
contrast ('U)2 and radius of rods a according to P1=) ) Sa 'U . From the fast damping of the intensity at
high Q-range the radius of rods was determined. A deviation of the scattering curve from Q-1 scaling law one
can only see for W25-V10 sample in Figure 1. The radius of rods for this sample is 14.6Å whereas the W10V10 sample contains rods with radius less than 8Å as estimated from the largest Q.
Finally we measured the W10-V10 sample with ten times less number density of droplets (0.1W10-V10).
The intensity was too weak as for the W10-V1 sample. The conclusion from this sample is the number density
of rods is proportional to the number density of droplets.

W25, V10;

W10, V10
-1
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W25-V10:
-3

1
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d6/d:[cm ]
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10

Q

-1

10

-2

10

-3

Q

-3
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10

-1

-1
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Q[A ]
Fig. 1 The scattering intensity of W25-V10 (filled circles) and W10-V10 (open circles).
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Experimental report text body
Carbon dioxide has a relatively low critical pressure (73.3 bar) and critical temperature (31°C), above which it
becomes supercritical. In the supercritical state it behaves partly as a liquid, partly as a gas. It has a very low
surface tension combined with a viscosity close to that of a liquid, which is via temperature and pressure
adjustable over a large range and can therefore be used as a solvent with adjustable solvent power.
In the present experiment, an EO-BO block copolymer is tested as a surfactant for water-in-scCO2
microemulsions. Previous studies with the commercially available surfactant LS-54 showed that droplet
microemulsions can be produced with non-fluorous surfactants. A similar surfactant is the one used here. The
cell has been filled with the surfactant, water and liquid CO2 (~57 bar) at 20°C and then heated up to 50°C at
constant density (resulting in a pressure of ~110 bar). At 20°C, only small aggregates have been formed with a
radius of gyration Rg=11 Å, obtained from a Guinier analysis of the SANS data. At 30°C, larger particles with
Rg=19 Å have been observed. Increasing the temperature decreased Rg (16 Å for 40°C, 14 Å for 50°C), an
increase of pressure at 50°C lead to a further decrease of the radius of gyration. The surfactant LS-54 has been
measured at the same temperatures and pressures. A similar temperature and pressure behaviour has been
observed.
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Figure 1: SANS data for water-in-CO2 droplet microemulsions at constant CO2-density and temperatures of 20°C (black), 30°C (red),
40°C (green) and 50°C (blue)
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Experimental report text body
This experiment is related to the structural study of the formation of single, non-agglomerated spherical silica
particles from a sol-gel interaction inside a crosslinked network. This preparation method has been used
commercially and showed to yield considerably reinforced networks without having to rely on the mixing or
processing of both filler particles and polymer chains. This effectively reduces degradation of chains and also
the inefficient incorporation of silica in the rubber. The kinetics of the reaction of ortho-silicate with water was
not studied in real time. This study should reveal structural details of the process.
To allow reinforced polymers to withstand high local stresses, it is prerequisite that filler particles are
distributed homogenously and non-agglomerated within the elastomer. This distribution is hard to reach but
various attempts are known to do so. One of the possibilities is the use of a filler particle generated by a
chemical reaction inside the rubber instead of work it in mechanically before crosslinking the system.
Recent investigations [1-3] have shown the feasibility of the reaction of tetraethoxysilane (TEOS) with water to
yield silica SiO2 and ethanol with polydimethylsiloxane. Although the reaction is eased in this case by the
similarity of the polymer and the silane compound, the same reaction should be possible with polyisoprene (PI).
This has the advantage to create enough neutron as well as X-ray contrast so that the evolution of the particle
creation can be followed as a function of time. The size of the particle is linked to the meshsize of the network
available and is typically of the order of 100 Å.
To perform the reaction, we used a PI network having Mc = 8000 g mol-1. Immediately after the beginning of
the silica precipitation reaction in the network, we have sampled spectra at fixed time intervals in the scattering
vector range from 0.01 to 0.08 Å-1, to follow the kinetics of the reaction on the size-range of the silica particle,
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over 2 days. Differential scattering cross-sections are shown for typical times in Figure 1, and the radius of
gyration of the particles as a function of time obtained from Guinier plots are shown in Figure 2.

Figure 1

Figure 2

Figure 1 and Figure 2 show that the silica precipitation and growing processes occur mainly between the 1st and
the 8th hour after the beginning of the reaction, and that the final size of the particle is Rgǔ30Å, in the Guinier
approximation.
At the end of the reaction, we performed SANS experiments on the full q-range (Figure 3) to obtain also
information concerning the silica aggregates. The description of the data by the empirical approach for
polymeric mass fractals of Beaucage [4] reveals the presence of primary particles of size Rgǔ50Å and
aggregates composed by at least 2000 primary particles.

Figure 3
This study has allowed to point at the important times of the silica precipitation reaction in the PI network on
the limited size-range of the silica-sphere, and to obtain information concerning the aggregates after the
completion of the reaction.
We are planning to go on with the investigation on this system, by gathering information related to the
aggregation process.

[1] J.E. Mark et al, Polymer Bulletin, 12, 413 (1984)
[2] Y. Ning et al, Polymer Bulletin, 13, 155 (1985)
[3] C. Jiang et al, Makromol. Chem., 115, 2609 (1984)
[4] G. Beaucage, J.Appl.Crystallography 28 717 (1995)
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Polymer blends have been of considerable interest over the last decades because of intensive industrial demands to develop high performance plastic materials as well as understanding of the
mechanisms of the miscibility between diﬀerent kinds of polymers. Since polymers are a sequence of
monomer units, their entropic forces are weaken by the large molecular weights, so that the enthalpic
force determines the phase behavior. In order to obtain homogeneous polymer mixtures consisting of
diﬀerent kinds of polymers, the interaction between the polymers must be attractive (or very weakly
repulsive), therefore the combinations of miscible polymers are highly limited.
A-B block copolymers are typically used to mix A/B polymer blends homogeneously, where the
block copolymers can stabilize the interface of A/B polymer domains. However, the A-B block
copolymers can only serve as a surfactant to mediate a microemulsion phase when A-B blends are
nearly miscible, e.g., A-B block copolymers cannot work as a surfactant for highly immiscible A/B
homopolymers.
We are investigating A/B/A-C polymer blends where the mixtures consist of polystyrene (PS),
polyisoprene (1.4 addition dominant) (1.4PI) and a block copolymer polystyrenr-block-polybutadiene
(1.2 addition dominant) (PS-b-1.2PB). The interactions between PS/1.4PI and PS/1.2PB are repulsive and those between 1.4PI/1.2PB are attractive, so that the block copolymer PS-b-1.2PB may be
able to mediate the miscibility between PS and 1.4PI in spite of high incompatibility between PS
and 1.4PI.
We prepared the polymer blends with deuterated PS and protonated 1.4PI, whose molecular
weights for both were roughly 3000 g/mol, with diﬀerent concentrations of PS-b-1.2PB symmetric
block copolymer (Mw≈16000 g/mol), where PS block was deuterated and PB block was protonated.
The symmetric pure blend (having same volumes of PS and 1.4PI) showed one phase region above
160◦ C, while the addition of PS-b-1.2PB leads to expand one phase region at lower temperature, as
like as A-B block copolymers.
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Fig. 1 shows the scattering proﬁles of the blend with 20% PS-b-1.2PB. Each proﬁle has one clear
peak, which becomes sharper as the temperature decreases. The peak position shifts to lower Q as
well as the peak intensity gets larger when the temperature decreases. This observation suggests
that the PS domain and PI domeain are well separated by the mediation of PSb-PB block copolymer
at lower temperature, where the bicontinuous microemulsion phase may appear.
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Fig. 1: SANS proﬁles obtained from dPS/h1.4PI/dPS-b-h1.2PB polymer blend with diﬀerent temperatures
(90∼140◦C). The concentration of dPS-b-h1.2PB was 20 vol%, where PS and PI homopolymers had same volume
fractions.
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we made a first attempt to determine the fetuin-mineral composite structure of the first stage.
In figure 1 the square root of intensity at Q=0 has been plotted versus the D2O concentration for the
protein and the mineral composite. These values were derived from the data in figure 2. The zero transition of
square root of intensity at Q=0 gives the matching condition of the scattering particles. Considering the protein
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we find )D2O=0.41 in consistence with earlier results while for the mineral we find )D2O=(0.65±0.03). As the
mineral particles represent a fetuin-mineral composite, we derive about a 30% fetuin content of the composite
assuming metastable octacalcium phosphate as the mineral.
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Figure 2

In conclusion we observe a coarsening process of a crystalline polymorph. In literature it is speculated about an
amorphous mineral during the early stages. In future experiments we will measure in shorter times in order to
confirm or to exclude this speculation.
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Experimental report text body
(Please use 12 pt letters here ! )
Crystallization from solution of syndiotactic polypropylene has been investigated by SANS performed over a
wide temperature range [1]. Several solutions prepared for different molecular weights (MW=43.4K, 61.4K and
85K) and different polymer volume fractions ()pol=0.5% and 1%) have been measured. The polymer form
larger scale objects. The morphology of these objects was easily identified from the clear Q-2 behavior of the
intensity, characteristic for the scattering from platelets. Almost all polymers were involved in a rapid
crystallization event even once it started, just above 40°C. Since at low Q no deviation from the Q-2 slope was
observed (a so-called Guinier regime) we concluded that very large platelets (of sizes much larger than 1000Å)
are formed. The forward scattering and the thickness of platelets have been evaluated using the 2D Guinier
approximation. Using the obtained forward scattering and thickness and supposing compact platelets the total
volume fraction of polymers inside the platelets was evaluated. This was very close to the value obtained from
the Zimm analysis of the single chain in solution which proves that all polymers have been involved in the
massive crystallization process once it started. A similar analysis of the aggregates formed in case of different
polymer volume fractions or molecular weights has shown that the compact polymers platelets always exhibit
the same thickness, of about 60-65Å. The tendency of different MW sPP polymers to form in solution lamellae
of the same thickness are not yet understood. In order to gain more insight on this behavior we investigated the
crystallization behavior of much lower molecular weights sPP polymers in solution. The new investigated
materials had molecular weights of 3K and 8K. Several solutions of )pol=0.1, 0.25 and 0.5% have been
investigated over a wide temperature range at the KWS1 SANS instrument. Fig.1a,b presents the scattering
patterns from the 0.5% polymer solutions in the case of both molecular weights materials. Again, platelets
formation is revealed by the very extended Q-2 power law behavior of the scattering intensity. Although the
platelets show mainly the same geometrical parameters (thickness around 60-65Å, from the 2D Guinier
analysis in Fig.2 ) the crystallization process develops gradually with temperature decrease.
1
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This is the only difference comparing with the case of the higher MW sPP materials. Crystallization starts at
around 45°C and develops slowly. At room temperature from the analysis of the forward scattering we
evaluated that about only 50% and 25% of all polymers are inside the crystallites, in the case of 8.1K and 3K
Mw polymers, respectively. We must point out that in the case of the higher Mw polymers crystallization
develops massively and already at 40°C all polymers crystallized. Why the sPP polymers form platelets with
the same thickness that does not depend of the molecular weight is still a problem under investigation.
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Fig.1 – The scattering patterns from solutions of sPP polymers with Mw=3K (left) and 8.1K (right) for different temperatures
during crystallization proces from solutions.
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[1] A.Radulescu et al., Macromolecules 37, 6962, 2004.
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Experimental report text body
The experiment aimed to measure the scattering length density of h-PEO in water. The need for this
experiment arose from unexpected results of a contrast variation series of PEP4-PEO4 micelles in water. It was
assumed, that in aqueous solution of PEO the scattering length density of PEO is virtually changing with the
deuteration degree of the water. This effect could result from preferential adsorption from H2O + D2O mixtures
to PEO. Therefore several samples with different deuteration degree in the solvent have been measured.
The KWS-1 instrument received a major upgrade during the the spring of 2004 and we were among the first
users after this. Unfortunately we experienced difficulties with the detector electronics, which made it difficult
to obtain absolute intensities for the samples, since the transmission measurement didn’t work. The
measurement at high Q was not successful due to misalignment of the detector. Anyhow, some information
could be extracted. The plots of the PEO scattering in the different contrasts for the low Q setup are shown in
figure 1. It was not possible to perform a Guinier-fit. The slope of the forward-scattering curve vs. solvent
scattering length density shows, that the theoretical value of the PEO scattering length density is not found in
the the studied system. The experimental data are not good enough to deliver reliable results that allow a
thorough interpretation. The experiment should be repeated with the same parameters. For this two days of
beam time are required.

Form Version: 19.02.03

1

300

vol% H2O
0
10
20
30
40
50
60
70
80
90
100

I(Q) / cm

-1

10

1

0.01

0.02

0.03

0.04

0.05

-1

Q/A

Figure 1: Scattering from aqueous solutions of h-PEO, variation of H2O:D2O mixture.
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Experimental report text body
CaCO3 colloids mineralized in the presence of polyacrilic acid (PAA)
Time-resolved SANS experiments were carried out in order to follow the mineralization process of the calcium
carbonate in the presence of polyacrilic acid (PAA) at room temperature by gas diffusion technique. The aim of
this experiment was to determine the calcium carbonate polymorph by H2O/D2O contrast variation method
(CV). It is reported in literature that a liquid amorphous calcium carbonate precursor is formed within the initial
time of mineralization.1 Two series of measurements were performed, one with ĭD2O = 0.45 and the other with
ĭD O = 0.75 aqueous solution in order to match the amorphous (ACC) and calcitic crystalline (CCC) calcium
2

carbonate polymorphs, respectively. In a first experiment, we measured particles mineralized for 12 hours in a
0.01 and 0.05 M CaCl2 and fixed ~ 28 Pg/ml PAA (M=5100) aqueous solution over a Q range of
0.002 < Q [Å-1] < 0.2. Scattering from the minerals was only detected from the solution with ĭD O = 0.45 and
2

ĭCaCl = 0.05M . The concentration of CaCO3 in the ĭCaCl = 0.01M solution was too low to be detected. The
2

2

ĭCaCl = 0.05M solution under CCC matching condition, e.g. ĭD O = 0.75 , showed no coherent scattering at
2

2

all. So, a first conclusion is that after 12 hours of mineralization crystalline calcium carbonate has been formed
as no ACC is present in the system. In a second experiment we followed the mineralization in-vitro by
(NH4)2CO3 gas diffusion technique. The exposition time was 30 minutes for the first two hours and later 15
minutes. We increased the volume fraction of CaCl2 by a factor of five and kept the concentration of the
polymeric additive constant. Again, no coherent scattering was obtained for the sample with matched CCC
condition e.g. no detectable fraction of ACC particles is present. On the other hand, strong scattering was

1

L.A. Gower, D.A. Tirrell, Journal of Crystal Growth 191 (1-2) (1998) 153-160
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Figure a: The scattering profile 1h, 6h and 10h after
starting of the reaction of mineralization.

Figure b: Scaling exponent versus time obtained at
the ACC matching condition, e.g. crystalline CaCO3 is
visible

detected at the ACC matching condition ( ĭD O = 0.45 ) after 1, 6 and 10 hours of (NH4)2CO3 exposition as
2

visualized in the figures a and b.The scattering curves in figure a were interpreted as a superposition of a
constant background and the scaling law P Q D considering also the effects from resolution. The time
evolution of the scaling exponent Į is plotted in figure b. The scaling exponent shows a similar tendency as the
homogeneous mineralization of calcium carbonate we observed in earlier studies. After 1h the scaling
exponent is near two which corresponds to the formation of platelets while between 2 and 6 hours Į increases
continuously from 2 to slightly more than 4 indicating the formation of compact particles. After 6h the forward
scattering is suppressed and the scaling exponent is reduced to 3; exponent three corresponds to an open
structure.
In future experiments it seems necessary to increase the PAA volume fraction proportionally to the increase of
the CaCl2 component in order to detect ACC, respectively the liquid precursor. Here, screening experiments
using light microscopy are necessary as it is not yet clear, as to which concentration PILP (polymer induced
liquid precursor) phases can form.
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Experimental report text body
In this experiment we continued the contrast variation experiments applied to the fetuin-A – mineral composite
particles after mineralization of about 12 hours which according to time resolved experiments represent the
second stage process. Eight scattering patterns with aqueous solutions ranging from 0 to 100% D2O content
were measured and depicted on the right side of figure 1. Approaching the protein and mineral U matching
points results in an intensity decrease.
The left part of figure 1 shows the corresponding scattering length densities U of mineral and protein in
dependence of the D2O content. Contrast variation technique makes use of the very different scattering length
density of H2O and D2O as depicted by the blue line. By adjusting the D2O content, the scattering length density
of every single component can be matched. For example, proteins are matched at 41% D2O. As the contrast
(being proportional to the square of 'U

( U P , M  UW ) ) of a matched component is zero it no longer contributes

to the total scattering intensity. The change of scattering length density of proteins, hydroxylapatide and
octacalcium phosphate with D2O content is caused by the extend of H/D exchange on the protein surface and
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the water content of the minerals.
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Figure 2 represents the partial structure factors obtained from contrast variation. The analysis of the scattering
patterns of a sedimentation inhibited fetuin-A / calcium phosphate mixture (figure 1) leads to the self-terms of
water (w), mineral (M) and protein (P) that are are plotted in the upper part and the corresponding cross-terms
in the lower part of this figure. The self-term PP,P represents a bimodal distribution of the fetuin-A attributed to
the mineralized particles (at low Q) and the fetuin-A monomers (at high Q). All self-terms show a Porod’s Q-4
power law at low Q indicating compact particles. The positive cross-term PP,M suggests a mineral core covered
by a protein layer.
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Experimental report text body
Coates et al. [1] reported a new stereoselective titanium complex for olefin polymerization. Upon treatment
with methylaluminoxane (MAO), this complex was found to be active for the polymerization of propylene at
0qC in toluene. Unexpectedly the obtained polymer exhibited a narrow molecular weight distribution
(Mw/Mn~1.1). The amazing point is that the first synthesis of high molar mass syndio-polypropylene-blockpoly(ethylene-co-propylene) diblock copolymer (Mn= 145 100, Mw/Mn=1.12) was achieved, when a slight
overpressure of ethylene was added to the reactor after formation of the living syndiotactic polypropylene. The
living nature of the catalyst allows the synthesis of block copolymers previously unavailable from Ziegler-Natta
catalysts. However, the kinetics and mechanism of living olefin polymerization is still poorly understood. On
the basis of research experience and knowledge of living anionic polymerization of dienes and styrene [2], we
plan to develop the combined time resolved NMR and SANS technique to the field of living olefin
polymerization, discover the fundamental mechanism and kinetics of the living olefin polymerization. Although
MAO, AlCH3-O, is a well established compound in olefin polymerization, nearly nothing is known about its
structure. Only from pfg-1H-NMR experiments a dynamic radius of approximately 10-15Å was estimated.
In a first experiment we investigated the aggregation behaviour of h-MAO in d-toluene by SANS as a function
of concentration and temperature. The commercial product, a §10% dispersion in h-toluene, was dried and
transferred without any further purification into the deuterated solvent (by weight to obtain precise
concentrations). Fig. 1 shows the scattering profiles I(Q) vs. scattering vector Q obtained at 20°C as a function
of MAO concentration. We found two well separated regions in all scattering profiles. The first region, Q102 -1
Å , originates from the primary aggregates of MAO, with an approximate size of §50Å.
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Figure 1: Intensity versus scattering vector Q for MAO at room temperature and different concentration,
solid line: fit to the Beaucage form factor with Rg=50Å and P=2, dashed line: slope -4.

From the slope in the high Q-region, I(Q)~Q-2 for Q>10-1 Å-1, a Gaussian chain-like structure of these primary
aggregates can be deduced, corroborating the expected polymeric structure of MAO, (-Al-CH3-O-)n. A detailed
analysis is complicated by the presence of the profound forward scattering in the low-Q region, Q10-2Å-1.
The observed low-Q scattering indicates the presence of a second type of aggregates, with a characteristic size
R§1000Å, which is beyond the spatial resolution capability of SANS (no Guinier regime is achieved) and is
visible only as a power law decay, ~Q-4, in the low-Q regime. The latter species is probably a product of the
decomposition process of the instable MAO with a mixed stochiometrie between amorphous aluminium oxide,
Al2O3, and trimethylaluminium (TMA), AlCH3.
Fig. 2 shows the temperature dependence of the scattering profiles for two MAO concentrations. It seems that
for the 4.73% solution an increase of low-Q scattering intensity with decreasing temperature is observed,
whereas the more dilute 0.97% solutions shows nearly no T-dependence. But the formation of these large scale
aggregates, which give rise to the low-Q scattering, shows also some time dependence. After approximately 1-2
hours a precipitate is forming in the solution at room temperature independent from MAO concentration. Since
the different concentrations have been investigated without taking into account this time factor, i.e. the shown
data in fig. 2 are not recorded at the same time after sample preparation, no clear conclusion with respect to a
systematic concentration and temperature dependence can be derived for the moment and further work is
necessary.
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Small Angle Neutron Scattering Instrument (KWS2)

Instrument Parameters
NLIIB bent guide, cross section:
4.5 cm (height) u 3 cm (width)
velocity selector; 'OO = 10 %
105 to 6 u 106 n/cm2 s
depending on collimation; for 20 MW reactor power
O= 7 Å wavelength and entrance aperture of 3 u 3 cm2
variable apertures at 1 m, 2 m, 4 m, 8 m, 14 m, 18 m, 20 m
distance from sample
opening width variable 0.5 ... 4.5 cm vertical
opening width variable 0.5 ... 3.0 cm horizontal
typically 1 cm u 1 cm

Beam tube:
Monochromator:
Neutron flux at sample:

Collimation:
Beam size at sample:
Detector
- Active area:
- Scintillator:
- Space resolution:
- Max. pulse rate:
- Detection probability:
- J-sensitivity:

60 u 60 cm2 in 128u128 channels
6
Li-glass, 1 mm thickness
0.5 u 0.5 cm2
ca. 1 MHz (Wdead = 3 Psec)
95 % for O = 7 Å
2 u 104 (1 MeV)
103 d Q/Å1 d 0.3 (typically 2 u 103 d Q/Å1 d 0.2)
evacuated sample chamber / open beam line
cryofurnace 200 ... 500 K; shear cell of Searle type

Elastic Q-range:
Sample environment:

Instrument Responsible
Dr. Henrich Frielinghaus
Dr. Aurel Radulescu

Tel. +49-(0)-2461-61-5093
Tel. +49-(0)-2461-61-4685
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Email: h.frielinghaus@fz-juelich.de
Email: a.radulescu@fz-juelich.de
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Experimental report text body
Here we consider bottle-brush or comb-like polymers as macromolecules where relatively long side chains are
densely grafted to a backbone in a regular manner. The interest in cylindrical comb polymer brushes is related
to the possibility to form stiff cylindrical shape persistent structures based exclusively on the intra-molecular
excluded volume interaction. In melts of bottlebrush polymers thermotropic transitions between isotropic,
nematic and smectic phases have been found [1].
The comb diblock copolymers consist of a poly(ethyl methacrylate) backbone to which poly(acrylic acid)poly(n-butyl acrylate) diblock copolymers are densely grafted. The comb polymer has a core-shell structure
where the poly(acrylic acid) and the poly(n-butyl acrylate) build the core and the shell, respectively.
The aim of the experiment has been to tune the radial density profile and the stiffness of the overall particle by
changing the composition of the solvent. Variation of the cylinder stiffness as well as a variation of the interparticle interaction should have an influence on structure formation at high polymer concentrations and the
formation of shear induced structures.
In a first experiment the combs have been dissolved in mixtures of deuterated methanol/chloroform where
chloroform is supposed to be a good solvent for the shell polymer (bad solvent for the core polymer) and
methanol should be a good solvent for the core polymer (bad solvent for the shell polymer) [2]. In Fig. 1 the
form factors obtained from SANS for three different solvent compositions are shown: (1) 75vol%
MEOD/25vol% CDCl3, (2) 62.5vol% MEOD/37.5vol% CDCl3,and (3) 50vol% MEOD/50vol%CDCl3. Fig. 2
shows the corresponding cross section form factors PCS(q) which can be approximately obtained from the
overall form factor using the relation PCS(q)= P(q)q1/Q, where Q is the fractality of the whole bottle-brush. The
equation only holds if the contour length is much larger then the thickness. In this case the scattering
contributions of the overall shape and the cross section density profile are well separated in q-space.
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Studies on similar samples have shown that the bottle-brushes can be seen as worm-like chains on large length
scales and Q equals approximately  self avoiding random walk)As can be seen from Fig. 2ҏ the cross
section form factor is nearly unaffected by increasing the methanol contents from 50vol% to 62.5vol% but
significant changes occur for the sample with 75vol% methanol. Unfortunately the comb polymer could neither
be solved in solutions with methanol contents higher than about 85vol% methanol nor in solutions with
chloroform contents higher than about 75vol%, even so the latter is supposed to be a good solvent for the outer
shell polymer.
The aim of this proposal has been to induce stronger conformational changes by varying the solvent quality
over a broader range using a different solvent combination: Mixtures of THF that should be a good solvent for
the shell and methanol (bad solvent for the shell but good solvent for the core). Here a larger range of solvent
combination can be covered varying from 100vol% THF down to about 10vol% THF.
In Fig. 3 the form factors for four different solvent
compositions are shown:
(1) 100vol% THF,
10
(2) 50vol% MeOD/50vol% THF,
(3) 75vol% MEOD/25vol% THF and
10
(4) 90vol% MEOD/10vol% THF.
Oviously, going down to a THF content of only
75vol% MeOD / 25% CDCL
10
62.5vol% MeOD / 37.5% CDCL
10vol% induces significant conformational changes
50vol% MeOD / 50% CDCL
in the bottle-brush polymers much stronger than
10
in methanol/chloroform solutions.
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Fig. 1: Form factors of diblock
copolymer bottle-brushes measured
with SANS for various methanol/
chloroform compositions.
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Experimental report text body
Water-in-oil (w/o) microemulsions have over the last two decades frequently been employed to prepare welldefined inorganic nanoparticles. Recently, interest has shifted from mainly adjusting the size of spherical
nanoparticles to manufacturing nanocrystals with a rich morphological diversity ranging from nano-cubes,
-platelets, and -discs to elongated nanoparticles such as nano-needles, -rods, -fibres and -filaments. Despite the
fast increasing number of publications, there is only little known on the mechanisms involved in the formation
of the nanocrystals and the factors that control their final size and shape. The "templating" role of the microemulsion itself has scarcely been addressed and the impact of the microemulsion morphology and exchange
kinetics is still an open question [1,2].
Microemulsions are structurally well-defined, self-organised mixtures of water (or salt solution), oil, and surfactant(s) that form a variety of thermodynamically stable phases. The global features of the phase behaviour
have been attributed to changes in the interfacial surfactant layer and described using the curvature energy concept introduced by Helfrich in terms of rigidity constants and spontaneous curvature [2,3]. On the oil-rich side,
w/o microemulsions exist which consist of nanometersized water droplets surrounded by a molecular surfactant
layer that can transform into cylindrical droplets and interconnected water channel phases if, e.g., the temperature and/or the amount and ionic strength of the aqueous phase are varied.
To gain more insight into the "templating" role of the microemulsion, we started in 2003 to study in detail by
transmission electron microscopy (TEM) the formation of BaCO3 nanocrystals within the one-phase region of
different nonionic w/o microemulsions. Inducing the precipitation of BaCO3 by mixing two microemulsions
that differ only in the type of salt solubilized (i.e. barium or carbonate salt) allowed us to investigate, for the
first time, the formation of nanoparticles within a large parameter space that comprises variations of the
microemulsion composition (type and concentration of the surfactant as well as water-to-surfactant ratio w/s),
salt concentrations and temperature.
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Precipitation of BaCO3 at 50 °C (a,b) and 23 °C (c,d) and 0.1 M salt in w/o microemulsions stabilized by C12E5 and at
60 °C (e,f) for the Igepal stabilized microemulsions. The given time indicates the time at which the samples were taken
out of the reacting microemulsions. For the Igepal microemulsions small differences for precipitation at high and low
temperature can be found only within the first 5-10 minutes.

A variety of nanostructures with well-defined morphology emerges that ranges from (stacked) platelets, (selfassembling) rhombohedral nanocrystals, nano-needles, (ordered) hexagonal nanorods to nano-fibres and
-bundles. Varying the conditions of the precursor microemulsions, therefore, permits to examine the transitions
between the different nanostructures, e.g., transitions between needles and (hexagonal) nanorods, polygonal
crystals and elongated rhombohedral crystals, or short and long rods, systematically and to finally gain insight
into the mechanisms of their formation. For the latter it is a prerequisite to know the morphology of the
precursor microemulsions and to explore how changes in the morphology of the microemulsions are reflected
in the nanostructures formed.
So far, we have mainly investigated the precipitation of BaCO3 nanoparticles in w/o microemulsions stabilized
by the two nonionic surfactants C12E5 or Igepal CO520 at low water/surfactant ratio (w/s = 0.2) as a function of
temperature and salt content. The morphological evolution of the precursor microemulsions within the w/o onephase region was studied by SAXS (DESY) and SANS (FZ-Jülich). A first analysis of our SAXS and SANS
data with the two-component model of spheres and cylinders [4], shows clearly that the microemulsion droplets
formed in both microemulsion systems below the upper phase boundary (solubilization limit) of the one-phase
region are in the C12E5 microemulsions much more stable against aggregation and cylinder formation upon
approaching the lower phase boundary than in the Igepal microemulsions. This difference in the structure of the
two microemulsion systems is nicely reflected in the formation of the BaCO3 nanoparticles. The Figure shows
the early and the late states of the corresponding precipitation reactions. For the C12E5 system a slower
precipitation kinetics and a significant difference for the precipitation at high and low temperature is observed.
In the Igepal system metastable platelets form which are stable only within the first minutes.
References
[1] W.F.C. Sager, Curr. Opin. Colloid Interface Sci. 3, 276 (1998)
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[3] E.M. Blokhuis and W.F.C. Sager, J. Chem. Phys. 115, 1073 (2001)
[4] D.I. Svergun, P.V. Konarev, V.V. Volkov, M.H.J. Koch, W.F.C. Sager, J. Smeets, and E.M. Blokhuis, J. Chem.
Phys. 113, 1651 (2000)

Form Version: 19.02.03

3

314

Institut für Festkörperforschung
Forschungszentrum Jülich GmbH
D-52425 Jülich

Experimental Report
of Neutron Scattering Experiments
at the FRJ-2 Reactor
Proposal number:

KW2-03-027

Experiment title:

Reaction-induced Phase Separation

Dates of experiment:

01/02/04 – 02/02/04

Experimental team:
Names
Nigel Clarke
Judith Elder

Addresses
Department of Chemistry, University of Durham, Durham, DH7 8UE
As above

Local Contact:

Henrich Frielinghaus

Date of report:

22/02/05

Experimental report text body
( Please use 12 pt letters here ! )
We have studied mixtures of deuterated methylmethacrylate (d-MMA) and chlorosulphonatedpolyethylene (CSPE). This is a simplified model system for commercial adhesives, utilised in the bonding of
aluminium. By further mixing the blend with an initiator and accelerator the d-MMA undergoes free radical
polymerisation. Such multi-component systems are initially homogenous, but the increase in molecular weight
of the polymerising component results in phase separation, leading to a two-phase morphology. The type of
morphology that develops, and the typical size scale associated with it, largely dictate the final properties of the
adhesive.
Phase separation may occur by either spinodal decomposition or nucleation and growth. The former
results in a co-continuous morphology, whilst the latter leads to a particulate morphology. Electron microscopy
(both SEM and TEM) performed on the final, fully vitrified, material indicate a morphology with a typical
length-scale of ~100nm. However, due to poor contrast, the exact nature of the morphology was unclear.
Scattering techniques are ideal for complementing microscopy, and have the advantage that time resolved
studies might be performed - in order to gain a complete understanding of the underlying process it is important
to follow the dynamics of phase separation. We have already performed successful preliminary experiments on
these mixtures using KWSII. In this new set of experiments we have studied the effect of varying the content of
a surface active component, included in commercial mixtures in order to produce strong adhesion with an
Aluminium substrate, and for each mixture we have studied phase separation for four different CSPE
compositions.
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As in our previous studies we were able to perform dynamic experiments, by taking 'snapshots' of the scattering
curves over three to five minute periods. Phase separation manifested itself as a peak in the scattering curve, whose
intensity increased with time. The most significant and intriguing finding was the very distinct appearance of
anisotropy in the scattering some time after the phase separation had commenced. Since there was no external field
on the samples, the origin of this is far from clear. Anisotropy was observed in four samples with 0% methacrylic
acid, and each case the position on the peak on the detector was different, ruling out the possibility that gravity is
influencing the process.
In figure 1, we show the intensity of the highest and lowest scattering values around the ring (in each case the
scattering curves were averaged over 30°), where it is clear that after 80 minutes a dramatic change is taking place
in the system. In figure 2, we show the corresponding position of the peak, illustrating that although the intensity
becomes anisotropic, the position of the peak does not. This rules out the possibility that the sample is in some way
becoming stresses.
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Figure 1: Intensity at different times after the
initiation of polymerization. It is clear that there is a
significant difference in intensity between the highest
and lowest scattering
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Small-angle neutron scattering of rocks
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Objective: Self-similar behaviour of geological structures has been shown to occur on length
scales ranging from a few micrometer to the size of continents [1]. The concept of fractals
can also be applied to the microstructure of rocks, and earlier studies (SANS and SAXS) have
shown that the microstructure of sedimentary rocks is fractal on a micrometer length scale [2,3].
Evidence for the fractal behaviour of volcanic rocks was presented by [4]. While there is clear
evidence for the presence of self-similar microstructures in rocks, the available data base is still
too scarce to evaluate the generality of such a description. Furthermore, only one attempt has
been made to quantify the inﬂuence of the thermal history experienced by rocks [5]. Hence, it
is still unclear on how representative the previously published data are for the individual types of rock.
Experimental Details: The SANS experiments were done with a wavelength of 7.0 Å at KWS-1.
Three sample-to-detector distances (2, 8 and 20 m) were employed to cover a Q-range of 0.002–
0.14 Å−1 . Data were corrected for instrumental backgrounds, detector eﬃciency and calibrated by a
perspex sample to give the absolute diﬀerential scattering cross-section dΣ(Q)/dΩ.
In total, 8 diﬀerent rocks (two basalts, a partially molten granite, a tuﬀ, a magma mingling sample,
an ignimbrit and two diﬀerent obsidians) were studied. Disc-like specimen (diameter of 30 mm) with
diﬀerent thicknesses were prepared. The basalts were heat-treated to study the inﬂuence of the heat
treatment on the microstructure. The granite sample was also subjected to a heat treatment to study
the eﬀect of a diﬀerent degree of melting on the structure. A series of a magma-mingling samples
(basalt and rhyolite melt in contact) were used to study the interface between basalt and rhyolite.
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Preliminary results: The SANS data will be analysed in terms of power-law scattering: I s (Q) =
I0 Q−α , where Is is the scattered neutron intensity and α and I0 are constants [6]. From the magnitude
of α the geometry of the scatterer can be deduced. Scattering intensities of partially molten granites,
a tuﬀ, a sample which underwent magma mingling and an obsidian are shown in Fig. 1 and 2. A
preliminary evaluation for the granite reveals a possible correlation between the degree of melting
and scattering intensities. This demonstrates a strong inﬂuence of the thermal treatment on the rock
microstructure. From the data for the magma-mingling sample it can be seen that the microstructure
from the basalt to the rhyolite drastically changes.
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Fig. 1. Left: SANS data from four diﬀerently heat-treated and partially molten granites. It is
believed that the degree of partial melting is directly reﬂected in the scattering curves. Right: SANS
data from a tuﬀ (Yucca Mountain).
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Fig. 2. Left: SANS data from a series of magma-mingling samples (from right to left the composition
changes from a rhyolitic to a basaltic one). Right: SANS data from an obsidian (Lipari, Italy).
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Experimental team:
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Experimental report text body
Supercritical carbon dioxide (scCO2) has attracted much attention as an environmentally friendly solvent. It has
been shown that certain surfactants allow to create water-in-scCO2 microemulsions. For the study of such
samples, a new high-pressure cell, which is due to the nonmagnetic construction and the large windows well
suited also for NSE experiments, has been tested at the KWS1.
Droplet microemulsions and microemulsions with a water/CO2- ratio of 1 and high surfactant concentration
(>50%) have been prepared in the pressure cell and measured with the KWS1.
In the literature, fluorinated surfactants have been proven to be a good candidate for the use in supercritical
CO2. Therefore, the first SANS experiments have been performed with the commercial surfactant Zonyl FSO100 (DuPont), which has been used in X-ray studies in supercritical CO2[1]. SANS spectra from mixtures of
water, CO2 and Zonyl showed very small aggregates, suggesting that the surfactant aggregates contain only a
very small amount of water in the core. At high surfactant concentrations (>50%) and ratios of water/oil=1, it
was not possible to get mixtures of the three components which were stable over a long time.
SANS measurements of a mixture of the surfactant Zonyl and H20/D2O (in a mixture matching the contrast
between water and CO2) in supercritical CO2 (210 bar, 41°C) are presented in Fig. 1. Small aggregates with a
radius of gyration Rg of 7-8 Å have been found, which is of a similar size as the aggregates found in Ref. [1].
Contrast variation by substituting H2O/D2O-mixture by pure H2O lead to a slightly smaller Rg. Increasing the
temperature to 62°C did not change the size of the aggregates significantly.
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Figure 1: SANS data of Zonyl and H20/D2O in supercritical CO2 (210 bar, 41°C), in Guinier representation, leading to a radius of
gyration of ~7.5 Å.

[1] J.L. Fulton et al., Langmuir 11 (1995), 4241
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Experimental report text body
The micellization behaviour of poly(ethylene-co-propylene)-polyethylene oxide (PEP-PEO) block copolymers
have been studied thoroughly in our group during recent years. In water this block copolymer features the
following properties1): i) Due to the large incompatibility (large interfacial tension) between water and PEP the
tendency of forming micelles is very pronounced even in a very asymmetric block composition and ii) the
micelles can be regarded as kinetically frozen as observed by time resolved SANS measurements. iii) The
micellar properties can be altered by the addition of dimethylformamide (DMF), which is also a selective
solvent for PEO but less incompatible with PEP resulting in a smaller interfacial tension2).
Very recently we started using giant, star-like micelles (PEP5-PEO120, the number denotes the molecular
weight in kg/mol) as “tunable analoga” of unimolecular, regular star polymers3). Here we found, that the
intensity profile obtained for a micellar solution in a solvent mixture with a mole fraction xDMF=0.5 shows
completely different features than those for other mixtures, see fig. 1. For solvent compositions xDMF=0, 0.1,
0.2, 0.3, and 1 we found an intensity profile typical for a concentrated solution of micelles, i.e. a strong
structure factor peak followed by an extended power law decay due to the blob scattering of the corona. We
note that also in pure DMF micelles are formed, although the interfacial tension is nearly one order of
magnitude smaller than in water2).
The scattering profile for xDMF=0.5 is dominated over nearly the whole Q-range, including that of the U-SANS
instrument KWS-3, by a sequence of power laws. This is probably a precursor of the demixing of the micellar
solution at this DMF mole fraction, which is found to take place a T§25°C (cloud point). We note that at the
investigated temperature, T=§30°C, the micellar solution is completely clear and homogeneous.
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Figure 1: Intensitiy profile obtained by a combined U-SANS/SANS experiment vs. scattering vector Q for
PEP5-PEO120 micelles in different mixtures of water and DMF.
For all other solvent mixtures the intensity at the U-SANS instrument KWS3 was too low to obtain data with
reasonable statistics. Only the near critical scattering found in the solvent mixture xDMF=0.5 enables us to
collect data in the U-SANS regime.
We note that for a block copolymer with a similar block ratio, PEP1-PEO20, but smaller absolute molecular
weights we found a minimum in the solvent quality at a mole fraction xDMF=0.5 too. Also the second virial
coefficients of the corresponding PEO20 homopolymer show such a minimum2).

References :
1) L. Willner, A. Poppe, J. Allgaier, M. Monkenbusch, D. Richter, Europhys. Lett., 55, 667 (2001).
2) R. Lund, L.Willner, J. Stellbrink, A. Radulescu and D. Richter, Macromolecules, 37, 9984-9993 (2004)
3) J. Stellbrink, G. Rother, M. Laurati, R. Lund, L.Willner and D. Richter, J. Phys.: Condens Matter, 16,
S3821-S3834 (2004).
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Experimental report text body
The aim of this experiment was to explore the feasibility of performing grazing incidence small angle
neutron scattering (GISANS) from thin film samples at a pinhole SANS instrument like KWS-2. The
interest of performing grazing incidence studies at a pinhole SANS instrument lies on the fact that such an
instrument provides with a neutron beam collimated in two directions. It therefore enables to measure the
scattering not only in the plane of incidence of the neutrons (“Off-specular diffraction line” as defined in Fig. 1)
but also perpendicular to it (“Surface diffraction line”). Along the “Surface diffraction line” much bigger inplane component on the scattering wave vector can be probed than along the “Off-specular diffraction line”,
thus enabling an access to smaller in-plane correlation lengths, from 300 down to 5 nm. (A reflectometer
like HADAS probes the “Off-specular diffraction line” only, giving access to in-plane correlations length from
1 to 50 µm.)
Having the possibility to probe such small lateral length scales has a strong scientific case [1], for
example in the magnetoelectronics area, as for the study of small magnetic domains configurations in
exchange-bias systems, of the structural and magnetic fluctuations that influence the transport properties of
magnetic thin film systems (therefore with a length scale equal or smaller than the spin diffusion length of the
electrons, i.e. of the order of several tens of nm) or for the study of the correlations between magnetic
nanoparticles self-organized on a surface.
We performed a test experiment on a microphase separated dPS-PB diblock copolymer solution spin coated on
a Si substrate with an orientation of the lamellae perpendicular to the substrate. Such a system shows a sharp inplane ordering, as proven from AFM measurements [2] (see Fig. 2). The film thickness was 200 nm, as deduced
from reflectometry.
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Fig.1: The GISANS geometry (see text for details)
The result of a GISANS measurement on such a system at an incident angle ĮI of 0.45°, close above the critical
angle of total reflection of the sample (ĮC = 0.4°), is displayed in Fig.2. The out-of-plane scattering due to the
perpendicular lamellae is clearly visible, in reflection and in transmission geometries. The exposure time was 1
hour only. From the position of the out-of-plane scattering peaks, it was possible to deduce the average distance
between two PS or PB lamellae (~100 nm), in agreement with the AFM measurement.
This test experiment showed that, by using the GISANS technique, it was possible to deduce lateral correlations
on the nanometer length scale in thin film systems, within relatively low counting times. It is now planned to
equip one of our two pinhole SANS machines with polarized neutrons and polarization analysis, in order to
get detailed info on nanostructured magnetic thin films.

Fig.2: AFM and GISANS measurement on a PS-PB diblock copolymer solution spin-coated on a Si substrate.
For this measurement, and contrarily to the geometry of Fig. 1, the sample was horizontal. Ĭout is the scattering
angle in the plane of incidence of the neutrons (Ĭout = ĮI +ĮF), and Q is the scattering wave vector perpendicular
to the plane of incidence.
[1] “Magnetism goes Nano”; Lecture Manuscripts of the 36th Spring School of the Institute of Solid State
Research, S. Blügel, T. Brückel, C.M. Schneider (Eds); Shriften des Forschungszentrums Jülich, Reihe Materie
und Material, Band 26 (2005).
[2] P. Busch, Dorthe Posselt, Detlef-M. Smilgies, Bernd Rheinländer, Friedrich Kremer, and Christine M.
Papadakis, Macromolecules 36, 8717 (2003)
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Experimental report text body
The goal of this experiment was the study of the interaction potential of PEP4-PEO4 micelles in water,
especially in the low concentration region. In former measurements of the form factor of this system we found a
mismatch between the forward scattering and the position of the form factor minima, which could not be
cleared up so far. Since the data measured with a polymer volume fraction of 1% contained a considerable
amount of structure factor influence at low Q, we measured a concentration series down to 0.05 vol.%. The
results of this study are shown in Figure 1. A influence of the structure factor is found even at the very low
concentrations. The decrease in scattering intensity at 1 vol.% of polymer compared to the lowest concentration
sasmple is about 40%. With these information we tried to describe the form factor again. During this analysis it
turned out that the description of the scattering data is still not possible by using the nominal values of the
scattering length densities of PEP and PEO. One possible explanation for this effect is the preferential
adsorption of one species from H2O/D2O mixtures to the PEO, which would virtually change the scattering
length density of PEO. For that reason we started a contrast-variation experiment with h-PEO homopolymer
dissolved in different mixtures of H2O and D2O (KW1-04-063). With the information from that experiment we
will be able to model the data of the contrast variation of the PEP4-PEO4.
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Figure 1: Scattering from PEP4-PEO4 in water, measured under core contrast. Variation of the polymer
concentration.
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Experimental report text body
( Please use 12 pt letters here ! )
We investigated the one phase channel of the ternary system water- oil (n-octane) - nonionic surfactant (C12E5)
by a series of SANS measurements.
The surfactant concentration was fixed at 7 wt% and we varied the oil content from 10 wt.% up to 90 wt.%
in steps of 10%. For a low content of solubilized oil, a W/O microemulsion is formed, in the regime between
approximately 30% and 60% oil, this system exhibits a bi-continuous phase. At a very high amount of oil, there
is a transition to an O/W microemulsion.
This one phase channel is rather narrow in terms of temperature, for this reason a very precise temperature
control was necessary. For all of our measurements to avoid multiple scattering, a very thin cell (0.1 mm) was
used.
We evaluated the date via the ‘Generalized Indirect Fourier Transformation’ method (GIFT) [1,2]. The results
of this study will be summarized in a publication.

[1] A. Bergmann, G. Fritz and O. Glatter, J. Appl. Cryst. (2000) 33, 1212-1216
[2] G. Fritz, A. Bergmann and O. Glatter, J. Chem. Phys. (2000) 113, 9733-9740
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Fig. 1 Scattering pattern of three different samples in the one phase channel containing:
10 wt.% ( ), 80 wt.% (Ö) and 50 wt.% (Ê) oil.
For better visibility, the curves are multiplied by the factors 10-1 ( ), 100 (Ö), 10+1 (Ê),
and in the low q regime up to 0.18 nm-1 every third point is plotted. The intensity is
given in absolute units and the background is subtracted.

Figure 1 shows three typical scattering curves for measured samples. With increasing the solubilized
oil content, there is an increase in the characteristic length of the microemulsion
up to 50 wt.% oil. A further increase in the oil content (from 60 – 90 wt.%) leads to a
significant decrease of the characteristic length.
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Experimental report text body
The macroscopic properties of liquid foams as ageing behaviour or rheological properties evolution is of great
interest in their application field like food industry, mineral flotation or firefighting. The aim of our research is
to study microscopic properties of single foam films in order to correlate them with macroscopic properties of
the whole foam. The experiments performed during this session were following previous ones made in
Laboratoire Léon Brillouin[1,2] during which it has appeared that it was possible to perform neutron reflectivity
measurements on foam films using a small angle spectrometer. In a first step, we have analysed the signal shape
in order to know what kind of information we could obtain, and in a second step we have studied the evolution
of a single film versus time.
The sample preparation consists to push nitrogen gas through an injector immersed in a little volume (around 1
mL) of surfactant solution. The chosen solutions were hydrogenated or deuterated sodium dodecyl sulfate
(SDS) in deuterated water. The concentration was 12g/L, far above the critical micellar concentration. Using
two different kinds of SDS solutions allows to change the contrast: the micelle contribution in deuterated SDS
films is cancelled[1]. The whole set-up was connected to a quartz column which was put in the neutron beam.
We could then control the foam topology and our measurements have been performed on « bamboo » foams
composed of regularly spaced parallel films (figure 1). Moreover our sample holder has allowed to know the
film orientation versus the beam. Our experiments have been performed on KWS2 beam line with a XY
detector, the wavelength was 6 Å, the beam aperture was 10x10 mm² and the sample to detector distances were
2 meters (i.e a Q range from 0.03 to 0.13 Å-1) or 4 meters (i.e a Q range from 0.015 to 0.065 Å-1). For these
distances we have used an appropriate collimation for the beam.
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In a first step these experiments were very helpful to understand the signal shape observed on the detector.
From this XY pattern, three kinds of contributions can be distinguished:
ದ an isolated spot (figure 2) for large angles (typically in the range 3-5° between the beam). Changing the
angle has induced a shift of the spot. This signal corresponds to an expected reflectivity contribution
for a flat film.
ದ The integration spectra along spikes, which are the signals observed for very low angles, are described by
a I(Q)~Q-4 behaviour on which oscillations are superimposed (figure 3). In that case the reflectivity
occurs near the Plateau border, corresponding here to the link between the film and the tube wall. The
curvature of the foam film allows to study it under different incidence angles and the oscillations are
then relevant to the film thickness[2].
ದ Finally, for average angles we have observed a combination of both signals.
The second step of our measurements have concerned the ageing of the foam film. We have performed
successively five minutes measurements on the same film tilted with low angle in order to analyse spikes. For
reflectivity curves, an I*Q4 plot shows oscillations for which the film thickness can be extracted from the
period. In our case, we have observed oscillations that clearly splitted from each other (figure 4). From these
data, the film thickness has been calculated around 370 Å at the beginning of the kinetic (when the foam was
wet) and becoming less than 150 Å within an hour for a dry foam. Those results, especially for dry films, are in
good agreement with the thicknesses measured on 3D foams[1].
It is then clear that these experiments were very helpful in understanding the reflectivity signal observed on the
detector. Now our middle term purpose is to interpret the spikes observed for 3D foams (thickness, geometry
via the film curvature) and maybe to be able to describe the internal structure of the films by fitting the
intensity. For this project we have intended to study not only surfactant foams but also protein ones.

Figure 1 : geometry of the “bamboo” foam[2]

Figure 2 : example of the integrated intensity of a spot signal
(insert: XY pattern)

Figure 3 : example of the integrated intensity of a spike signal
(insert : XY pattern)

Figure 4 : kinetic measurements

References
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[2] J. Etrillard, M. A. V Axelos, I. Cantat, F. Artzner, A. Renault, T. Weiss , R. Delannay and F. Boué (accepted
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Local contact:
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In this experiment, we tried to apply the Rheo-SANS method (KWS2) for the investigation of the
structure transition of Lα and vesicles (MLV) under shear. For this aim, we used SDS/Decanol/D2 O
system, which is already known to show the shear-induced lamellar to MLV structure transition at
γ̇ = 20s −1 . We observed the steady state SANS pattern of the bilayer membrane structure under
shear in the radial beam conﬁguration.
Figures show SANS scattering patterns in the radial beam conﬁguration at diﬀerent shear rates.
Horizontal direction corresponds to the ﬂow direction and the vertical one to the vorticity direction.
From ﬁgures, we can distinguish diﬀerent states of the structure. At low shear rate (γ̇ = 10s −1 ),
we can see the anisotropic scattering pattern which shows that the bilayer membrane is oriented
and there is no vesicle formation. However, it is diﬃcult to distinguish the diﬀerent membrane
orientation between parallel and perpendicular from the radial beam comﬁguration only. It is
required to measure the SANS pattern in the tangential conﬁguration for the detailed investigation.
At γ̇ = 50s −1 , symmetric and isotropic Bragg scattering pattern was observed. This SANS pattern
can be identiﬁed with the vesicle formation. At very high shear rate (γ̇ = 150s −1 ), again anisotropic
pattern was observed besides isotropic pattern. This is an indication of the shear-induced MLV to
lamellar structure transition.
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Appearance of the MLV structure corresponds to our previous report. However, not only radial
beam but also tangential beam is deﬁnitely necessary for the detailed investigation to distinguish
the parallel and perpendicular orientation of the bilayer membrane. In addition, it would be useful
if the beam conﬁguration is automatically shifted from radial to tangential one with synchronized
sampling time.
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Experimental report text body
The behavior of fluids in disordered porous materials has been the subject of intense experimental and
theoretical interest over the last decade [1]. Detailed assessment of the role of disorder, confinement, and
interfacial phenomena is required in order to quantify the behavior of such systems. In a series of previous
small-angle neutron scattering (SANS) experiments we studied the influence of quenched disorder induced by
the aerogel on the liquid-gas critical phenomena of confined carbon dioxide (CO2) [2]. The results revealed
strong suppression of the density fluctuations in the critical region of confined CO2 along with abnormal
absorption effects which manifest themselves as a deviation from the square root of the intensity of scattering at
zero angle I(0)1/2 vs. density of saturating CO2 (Fig.1). Below the critical temperature TC in the range TC-T~6
O

C the formation of “frozen” methastable domains was observed. Here the intensity of scattering increases by

two orders of magnitude and does not change with time at fixed temperature, which confirms the stability of the
domains below TC. Due to proximity of TC of CO2 ( 31.1 OC) to room temperature, we were unable to explore
possible condensation of confined CO2 at low temperatures in previous experiments. In order to extend the
experimenally accessible window of temperatures, we proposed to study the influence of confinement on the
phase behavior of d-propane with TC,BULK=97 OC confined in the aerogel with physical density 0.1 g/cc similar
to those used for investigations of confined CO2 [2]. The aim of experiments was to to explore the temperature
variation of the correlation length [ of the density fluctuations and I(0) of confined d-propane and map out it
condensation temperatures below TC and thus explore possible shift of the phase diagram caused by the
confinement. Equally important goal was to perform the pressure scans similar to those for confined CO2
(Fig.1) in order to see whether the effect of abnormal absorption is reproduced or even enhanced for C3D8
molecules due to possible hydrogen bonding with methyl groups on the aerogel strands.
1
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Fig.1. Variation of I(0) of aerogel with pressure of

saturating CO2 at TC+5 and TC + 50 OC.

saturating d-propane at TC+5 and TC + 50 OC.

Fig.2 demonstrates that the effect of abnormal absorption is reproduced and even enhanced for d-propane in
aerogel with the same physical density/structure. As is seen in Fig.2, the variation of I(0)1/2 vs. UC3D8 in aerogel
is non-monotonic with a maximum around 0.2 g/cc roughly corresponding to the critical density of bulk dpropane.. The amplitude of the maximum is temperature dependent and increases as the temperature
approaches the critical temperature of bulk/confined CO2 T ~ 97 OC. At elevated pressures both functions tend
to the theoretical linear function I(0)1/2 ~ UC3D8. The data in Fig.2 demonstrate importance of absorption and
fluctuation effects for d-propane enhanced by hydrogen bonding of d-propane molecules by abundant methyl
groups on the aerogel strands.

Unfortunately, due to technical problems with the temperature control at KWS-2 instrument we were unable to
perform accurate measurements of the correlation length of the density fluctuations and I(0) as a function of
temperature. Preliminary data taken at released temperature control accuracy at average density of confined dpropane corresponding to the bulk critical density ~0.2 g/cc show that I(0) monotonically increases at lower
temperatures and levels off at T ~ 30

O

below TC. This preliminary result probably indicates that the

coexistence curve of confined d-propane is significantly shifted towards higher densities. Future experiments
will help to map out the phase diagram of confined d-propane and compare it with coexistence curves of other
confined fluids available in the literature [1].
This research was sponsored by the Laboratory Directed Research and Development Program of Oak Ridge
National Laboratory, managed by UT-Battelle, LLC, for the U. S. Department of Energy under contract No.
DE-AC05-00OR2272.

1

L. D. Gelb et al., Rep. Progr. Phys. 62, 1573 (1999).

2

Y. B. Melnichenko et al., PRE, 69, 057102 (2004)..
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Confined Polymers in Bicontinuous Microemulsions
Confinement of homopolymers has been approved to be a good explanation, why the sensitivity of the homopolymer effect is much stronger than theoretically predicted (see also KW1-04-017 & KW1-04-023). In a
similar manner we wanted to measure the influence of a strongly confined diblock copolymer in a bicontinuous
microemulsion. The results then were compared with predictions of computer simulations of T. Auth. However,
these first measurements should just be taken as initial observations for a much more detailed measurement
series (maybe the PhD thesis of Simona Maccarrone). Nonetheless, this first result is already highly interesting.
Microemulsions consist of two immiscible components oil (decane) and water (D2O) and a surfactant,
which mediates between the other two ingredients. The surfactant forms a film between domains of (nearly)
pure oil and water. When equal volumes of oil and water are used and the temperature is selected correctly a
one phase microemulsion can form. The oil- and water-domains form a sponge-like continuous structure.
Therefore, the structure is bicontinuous. The minimum amount of surfactant needed for this single phase
appearance is a measure for the surfactant efficiency.
Historically, amphiphilic diblock copolymers were used as first polymer additives in microemulsions,
and they proved to increase the surfactant efficiency dramatically. By small angle neutron scattering
experiments (SANS) with contrast variation it was shown that (a) the diblock copolymer is attached to the
surfactant membrane, and (b) that the membrane bending rigidity is increased by the polymer additive.
Helfrich describes the free energy of a microemulsion by the elastic properties of the membrane only.
The mean curvature is connected with the modulus κ, the bending rigidity, while the Gaussian curvature is
linked with the saddle splay modulusκ. Further theories connect those microscopic moduli with observable
properties. By SANS one obtains two structural parameters: the domain size d, and the correlation length ξ.
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The Gaussian random field theory relates the two structural parameters with the bending rigidity κ, whereas the
saddle splay modulusκ is connected with the phase diagram, namely the minimum amount of surfactant
needed to solubilize equal volumes of oil and water, i.e. with the surfactant efficiency. Both moduli κ andκ
depend in the same manner on the polymer content, only the signs of the moduli differ κ ≅ −κ . Therefore the
influence on the phase diagram can be well compared with the bending rigidity measured by SANS.
Homopolymers studied by D. Byelov showed a different behavior: The surfactant efficiency is
decreased and the bending rigidity decays with increasing homopolymer content. The principal behavior was
predicted by a theory of Eisenriegler, but the experimental sensitivity of this effect was 6 to 7 times larger.
Computer simulations of Auth motivated confinement effects to be responsible for this high sensitivity, and
finally experiments (KW1-04-017 & KW1-04-023) with shorter polymers and with more efficient surfactants
(larger domains) demonstrated this speculation to be correct.
Results by these preliminary measurements demonstrate obviously that confinement can be also found
with diblock copolymers. A PEP60-PEO60 with an average radius of gyration Rg=125Å for each block was used.
The average single domain was 142Å large. Figure 1 presents results of the bending rigidity obtained by SANS
as a function of the membrane content ψ. Due to the spatial renormalization (finite thickness of the membrane)
the bending rigidity κ increases with ψ. More important is the obvious increase of κ when the polymer is added.
This tremendous increase ∆κ/kBT = 0.044 for a polymer volume content of only 6.4⋅10-5 clearly demonstrates
the high sensitivity on polymer additives under confinement.
The normalized sensitivities Ξ and β of diblock copolymer and homopolymer additives are depicted in
Figure 2. The lower part summarizes results of experiments on homopolymers, while the upper part is not yet
filled by many experiments. The low-confinement experiments were performed by Endo, and the current
investigation contributes with only one point. Even when future experiments will depict more details the
conclusion can be drawn that confinement effects are observed for diblock copolymers in bicontinuous
microemulsions.
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Focusing-Mirror High-Resolution Small Angle Scattering
Instrument and Reflectometer (KWS-3)

Instrument Parameters
Wavelength:

Ȝ = (12.7r0.6) Å (9% FWHM)

Entrance aperture:

rE = 1 to 10 mm

Wave vector resolution given by
the opening of the entrance
aperture:

ǻQ = k rE / L

Scattering wave vector range:

10-4  Q  2 × 103 Å1
10-4  Qz  0.08 Å1 in reflectometry mode

Neutron intensity at sample
position is proportional to the
surface of the entrance aperture:

I = 180 n/s per mm2 entrance aperture; for a wave vector
resolution of 10-4 Å-1 (2 × 2 mm2 entrance slit aperture) the
intensity is therefore 720 n/s

Cross section of beam at sample
position:

10 cm wide, 2 cm high

Detector:

Position sensitive detector, 8 cm diameter, 1.5 × 1.5 mm
resolution

(k = 2ʌ/Ȝ)

Instrument Responsible
Dr. Emmanuel Kentzinger
Dr. Jörg Stellbrink

Tel. +49-(0)-2461-61-3139
Tel. +49-(0)-2461-61-6683
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Experimental report text body
( Please use 12 pt letters here ! )
The self-assembly of poly(co-olefins) in dilute solution has been shown via SANS to yield either plate-like or
needle-like micelles [1,2]. The resultant supra-molecular structures are dependent upon the copolymer
architecture. The crystalline-amorphous diblock copolymers yield self-assembled hairy platelets while the
corresponding random copolymers yield one-dimensional needle shaped aggregates. Both kinds of polymers
are able to modify the wax crystal structure in dilute solutions. The PEB-n random copolymers (n-the number
of ethyl sides per 100 backbone carbons) show selectivity in their wax crystal modification capacities
depending on the ethylene content. It was established that the copolymer containing larger crystallizable PEsections (PEB-7.5) is very efficient for the longer wax molecule (C36) while the less crystalline copolymer
(PEB-11) is better suitable for the shorter wax (C24) [3]. Two mechanisms of polymer-paraffin interaction have
been identified from the experimental investigation of 6K copolymers and paraffins: on the one-hand, cocrystallization of the copolymer and the paraffin within thin platelets occurs as a consequence of a good fit
between the self-assembling properties of the investigated polymer/paraffin pairs (PEB-7.5/C36 and PEB11/C24); on the other hand, primordial polymer aggregates act as a template for a subsequent paraffin
crystallization when the polymer has a higher self-assembling point (PEB-7.5/C24). When the C36 longer
paraffin is mixed with the 30K PEB-7.5 copolymer the same morphology as in the case of lower MW PEB7.5/C24 pair was observed [4]. Because in this case we expect formation of a “shish-kebab”-like large scale
morphology an investigation of this system at much lower Q is desirable. For this purpose, we performed a first
structural investigation of the PEB-7.5(30K) copolymer mixed with the C36 paraffin in decane by using the
KWS-3 optical focusing USANS instrument. There, in pinhole geometry the Q-range could be extended to
Qmin=10-4 Å-1. The main aim of this first measurement was to check the reliability of such a study for a strong
scattering system like the polymer-paraffin large aggregates in solution. In this case the multiple scattering
effect plays a very important role for sample thickness usually measured in classical SANS investigations (1-2
mm) and thus, we performed a first check about how the samples must be prepared in order to get
1
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good structural data.
Fig.1displays the scattering patterns from a solution made by 1% PEB-7.5 (30k) copolymer and 4% C36 paraffin
in decane at room temperature measured at KWS-3 instruments (old measurements) for the full contrast
condition (protonated materials in deuterated solvent, 'U2#47x1020cm-4) and different sample thickness. The
sample transmission for the 2mm thickness was very low, only around 2%! Therefore, these scattering patterns
at low-Q are strongly affected by the multiple scattering. We checked different sample thickness in order to get
an acceptable transmission. For 0.2 mm sample thickness the moderate scattering events allowed a transmission
of 65%. However, such a small thickness would imply technical difficulties related to sample and cell
preparation. Therefore, in the case of similar ternary systems the use of the contrast variation technique would
be another way for diminishing the contribution from the multiple scattering. In this way, we performed at
KWS3 a new experiment on the same system but this time for a different contrast condition: mixed protonated
and deuterated decane (40%d22 and 60%h22) was used as solvent, which diminished the contrast up to
'U2#4x1020cm-4. Fig.2 oresent the scattering patterns collected in this new contrast condition for the 2 mm
sample thickness. Sample transmission was about 25% therefore by playing with different contrasts we can
minimize the multiple scattering in order to obtain useful data. Nevertheless, in the case of the ternary system
like that of paraffin+polymer+solvent the contrast variation method has some limitations imposed by the
impossibility to match one component in the aggregation regime with the mixed protonated/deuterated solvent
in order to try to keep the second component visible.
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Figure 1 – The results obtained at KWS-3 instrument for the PEB7.5/C36 mixture in deuterated decane in the full contrast condition:
for the 2mm sample thickness (up) the transmission was 2% while for
the 0.2mm sample thickness (down) the transmission was about 65%.

Reference
[1]Richter D. et al., Macromolecules 30, 1053, 1997.
[2]Schwahn D. et al., Macromolecules 35, 861, 2002.
[3]Ashbaugh H. et al., Macromolecules 35, 7044, 2002.
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Experimental report text body
The current knowledge about the structure of the interior of cell nucleus is mostly limited to small-scale
structures of the size less than 30 nm. In our previous SANS/USANS investigation of the large-scale chromatin
structure in the nuclei of chicken erythrocyte we have obtained evidence that on the scales between 20 nm and
400 nm this structure exhibits fractal properties. Contrast variation measurements indicated that while the
protein structure appears to be fractal throughout the nucleus, the DNA arrangement was biphasic with the
crossover point of around 300 nm. The similar crossover between two fractal dimensions been seen earlier in
human chromosomes by FISH [1], and may be connected to the observed clustering of different processes in
the living nucleus [2-5]. The continuation of the previously performed investigation of chromatin arrangements
in chicken erythrocyte nuclei had the following aims:
1) to assess the role of the charge interactions in the chromatin arrangement intact nuclei;
2) to confirm the evidence for the different distribution of DNA and protein within cell nucleus on a large scale
seen in the previous measurements;
3) to compare the chromatin arrangement in bovine leukocytes and hen erythrocytes;
Following these aims, measurements were performed on chicken erythrocyte nuclei, same nuclei subjected to
low ionic strength conditions, and on the nuclei from bovine white blood cells.
Chicken erythrocyte nuclei were obtained by treating hen blood with TRITON X-100 detergent with
subsequent multiple wash in pH 7.8 phosphate buffer. Nuclei were subsequently either fixed with 0.05 % of
glutharaldehyde (“control” sample), or put into hypotonic phosphate buffer for 10 minutes and then fixed with
the same concentration of glutharaldehyde (“hypotonic” sample). Bovine blood was separated by
centrifugation, white blood cells were lysed and the nuclei were prepared analogously to the ones from chicken
erythrocytes. Homogeneity in the obtained samples was tested by flow-cytometry. Before each measurement
nuclei were suspended in phosphate buffer (pH 7.8) containing 0.7% agarose and placed in glass cuvettes,
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where polymerized agarose matrix prevented sedimentation during the experiment. Measurements were
performed in buffer containing 40%, 64% and >99% D2O. Samples containing 0.7% agarose matrix with
appropriate D2O:H2O ratio were used as reference. Data were aquired on KWS-1 for three detector positions (2,
8 and 20 m), neutron wavelength for the first two positions set to 8 Å, and for 20 m position - to 12 Å. Samples
were also measured on KWS-3, allowing to acquire the whole range of the scattering vectors from 10-1 down to
10-4 Å-1. KWS-1 data were normalized using polystyrole standard to obtain the scattering intensity in absolute
units, while the scattering intensity from KWS-3 was normalized based on the small overlapping region with
the data from KWS-1 utilizing the observed linear dependency of the scattering intensity on double-logarithmic
scale.
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Figure 1. Scattering spectra of (A) control and (B) hypotonicity-treated chicken erythrocyte nuclei, and (C) bovine white
blood cell nuclei. Curves aquired on KWS1 and KWS3 spectrometers.

Results of the measurements generally confirm our earlier findings about the fractal nature of the chromatin
arrangement in cell nuclei. In both control and hypotonic samples in 40% D2O (Figure 1 A, B) we have
observed the biphasic nature of the DNA structure with the crossover point around 4.10-3 Å-1. The dimension of
the mass-fractal above the crossover point was 2.1 - 2.3, while in the lower scattering angles it changed to about
3. Small difference in the fractal dimension was observed between the control and hypotonicity-treated chicken
erythrocyte nuclei. At the same time, scattering by the protein component (64% D2O) followed the power law
with exponent ~2.4 in the broad range of scattering angles and appeared largely unaffected by hypotonicity.
In contrast to the chicken erythrocyte nuclei, the nuclei of bovine white blood cells exhibited biphasic behavior
for both the DNA and the protein component of scattering (Figure 1 C). The crossover point for these nuclei
(which have approximately the same size as the nuclei of chicken erythrocytes) was close to that observed for
the chicken erythrocyte nuclei.
It therefore appears that the biphasic fractal nature of the structure of chromatin can be found in very dissimilar
systems such as bovine white blood cell and chicken erythrocyte nuclei. In the former nuclei we can expect a
number of processes to occur, not notably transcription and replication. The latter system is a quiescent nucleus
which has no replication or transcription activity. It remains to be seen whether the functional difference
between these two systems is related to the difference in arrangement of the protein component of chromatin
observed in the present study.
[1] Munkel, C., Eils, R., Dietzel, S., Zink, D., Mehring, C., Wedemann, G., Cremer, T. and Langowski, J. (1999)
Compartmentalization of interphase chromosomes observed in simulation and experiment. J. Mol. Biol. 285, 1053-65.
[2] Jackson, D.A. and Pombo, A. (1998) Replicon clusters are stable units of chromosome structure: evidence that nuclear
organization contributes to the efficient activation and propagation of S phase in human cells. J. Cell. Biol. 140, 1285-95.
[3] Janicki, S.M. and Spector, D.L. (2003) Nuclear choreography: interpretations from living cells. Curr. Opin. Cell. Biol.
15, 149-57.
[4] Verschure, P.J., van Der Kraan, I., Manders, E.M. and van Driel, R. (1999) Spatial relationship between transcription
sites and chromosome territories. J. Cell. Biol. 147, 13-24.
[5] Spector, D.L. (2003) The dynamics of chromosome organization and gene regulation. Annu. Rev. Biochem. 72, 573608.
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The experiments we are reporting on are part of a project aimed at the characterization of the ceramic production
trough the analysis of the mesoscopic structures that the minerals generate during the firing process. For this reason
a different series of samples have been taken into account: two series of reference samples produced in laboratory
at different maximum firing temperature and heating rate and 3 series of samples coming from the area of Miseno
(Italy, VI-XII century A.C), Cuma (Italy, VI-XII century A.C) and Monte Sirai (Italy, III B.C.) respectively. The
number of measured samples is 46.
In particular the measurements performed at KWS3 are a mandatory check on the distortion induced by multiple
scattering events on the SANS pattern of pottery samples. Moreover, the very low Q rage explored by KWS3
allows to detect the occurrence of structures with a radius of gyration of several hundreds of Angstroms. This
dimensions were not accessible in the previous experiments, performed at KWS2 and PAXE (LLB): in those cases
data were collected over a Q range spanning from 1x10-1 [Å-1] to 2x10-3 [Å-1]. In the attempt of measuring the sherd
without a drawing of powder and in order to avoid as much as possible multiple scattering effects, we performed
the experiments at fixed wavelength (O=7.3 [Å]) and we applied multiple scattering numeric corrections to raw
data. The resulting patterns could be referred to a fractal structure visible in the high Q tail, while in the low Q
range, the data showed a slight bending which could be interpreted as the signature of a main structure of 400 [Å]
average size. The latter information needed to be confirmed because of the small number of points in the low Q
range, their poor statistics and the possible residual multiple scattering effects.
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For the measurements at KWS3 a different protocol for samples preparation has been used: a tiny amount of
powder taken from each sample was used to cover a scotch tape. This preparation fulfills the requirement of
micro-destructivity and eliminates the problems arising from multiple scattering effects.
The figure reported above is representative of the results we have obtained on KWS3: the sample belongs to the
Monte Sirai series. The data of KWS3 (open circles) are plotted together with the data collected on the same
sample at KWS2 diffractometer. Both measurements are of thin powder layer. The tape has been measured
separately and subtracted.
Measurements at KWS3 confirm the Q dependence of the high Q tail, as obtained previously on sherds at
KWS2, but contrarily to those measurements extend the power law up to 2x10-3 [Å-1]. The dependence on
maximum firing temperature, as revealed by the reference samples, is also confirmed: high temperature determines
the slope of the high Q tail to increase.
This phenomenon was rationalized as a change in the roughness of the mineral clusters/voids during the firing
process: high temperatures make surfaces smoother.
The mean size of the cluster/voids on the contrary did not show a clear trend in the SANS (KWS2, PAXE)
measurements.
At the light of the KWS3 measurements, this ambiguity was caused by the multiple scattering effects which bended
the experimental data at the investigated low Q: the new data show that the main size of clusters can be instead
much bigger.
An alternative hypothesis, which deserves a more detailed analysis to be confirmed, is that the co-existence in the
scattering curve of an apparent monodisperse grain size distribution together with a temperature dependent slope
can be due to a much broader temperature dependent grain size distribution.
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Experimental report text body
We performed SANS measurements on PMMA samples stretched at different temperatures, stretching rate,
deformation and aging conditions on a q range from 0.0003 Å-1 to 0.001 Å-1 (KWS3) and from 0.002 Å-1 and
0.15 Å-1 (KWS1). Measurements were done on samples composed of 90% of crosslinked protonated PMMA
chains. We compare the structure of the PMMA stretched chains. This experiment is the continuity of a
precedent proposal (KW2-03-011). The previous experiment showed :
iat low transfert momentum Q<0.005Å-1, (at Jülich) a dependence on the deformation speed for
stretched PMMA above Tg, and in perpendicular direction of stretching.
iiii- at large Q (>.1Å-1), experiments (at the LLB) show significant differences between stretched and
isotropic (unstretched) samples in the 2 directions.
For this new experiment, we would study with more attention the effect of the deformation speed for PMMA
stretched above Tg and we wanted observe the effect of physical aging on PMMA stretched below Tg. We
decided to perform measurement on PMMA stretched at low deformation.
A) PMMA stretched above Tg (Tg=118°C, stretching temperature = 150°C, Ȝ=1.5)
For the experiment on KWS3, our samples do not diffuse enough. The transmission is less than sixty percent.
So, we obtained a bad signal statistic and a weak difference between signal and noise. Despite several
experimental conditions (growing of entrance aperture, installation of beam stop) those problems persisted. So,
although it seems to have a difference between speeds of stretching, we can not conclude because of error bar.
These samples studied with KWS1 show again an excess of intensity for low Q (figure 1).
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B) PMMA stretched below Tg under different condition of physical aging
We can study the effect of physical aging by two methods :
_ to age the sample before or after the stretching
_ to change the speed of stretching, so to change the time of experiment and physical aging during stretching
Figures 2 and 3 show the results for these two conditions. We observe a weak effect of aging on the chain
conformation.
C) PMMA stretched below Tg for different deformations
Different models of glassy deformation assume that at the yield point the system is totally disordered and
heterogeneous. For large deformations when the material is in plastic flow, the heterogeneities merge, the
system become more homogeneous. The figure 4 seems to confirm this fact. At the yield point, Ȝ=1.15, the
PMMA chain has a non affine rescaling. But, for large deformation, Ȝ=1.5, the conformation of the chain is
more gaussian and homogeneous. This difference is more important than the error bars*. It's our first neutron
observation about of models of glassy deformation, but this observation must be reproduced. It would be
interesting to observe the chain at different deformation and to study the effect of speed for low deformation,
Ȝ=1.15.
* Error bars are include in the figure but they are less large than the symbols
Data were plotted versus the reduced variable q* that takes into account into account the affine deformation of the chains:
to the stretching direction and

q* q O

perpendicular

q u O parallel to the stretching direction.
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We have built new large sample cells in order to take full advantage of the 4 x 10 cm2 cross section of the beam
at sample position on KWS-3. Those cells are made out of sapphire windows.
In order to know whether sapphire is the proper material to use for the windows, we measured the very small
angle scattering from a 5.7 mm thick window. As can be seen in Fig.1, no additional intensity can be observed
above the level of the empty-beam measurement.
Sapphire was therefore the good window material to use for the cells. They are now used by the users. The
space between the windows can be varied between 0.1 and 2 mm. Because of the good thermal conductivity of
sapphire, heating and cooling (from -20 to 100 °C) is available.
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Fig.1: Very small angle scattering from 5.7 mm thick sapphire windows without and with
beamstop (blue and green curves respectively) and corresponding empty beam measurements
(violet and red curves respectively). The entrance aperture (defining the Q-resolution) was 2x2
mm2. Raw intensities on the y-scale are in arbitrary unit. The x-axis gives the scattering wave
vector in Å-1. The upturn of the intensities between 0.001 and 0.002 Å-1 is due to a bigger
capture efficiency of the detector at its edge (see report HAD-04-008).
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Experimental report text body
1. Abstract
Silica is an important filler used for improving many of the properties of elastomeric materials. The properties
obtained depend on the structure of the silica and its specific surface, and therefore on its bonding with the
rubbery matrix. By measuring the scattered intensity as a function of scattering vector, and using a scattering
function, which we have developed ourselves, we are able to determine the size of the primary particles, the
size and distribution of the agglomerates, and their surface and mass fractal dimensions.
2. Introduction
Dispersing fillers in rubber improves mechanical properties such as the elastic modulus, tensile strength and
abrasion resistance. The effects due to different active fillers are influenced both by the specific inner surface
and by the hierarchical structure of the filler. The reinforcement mechanism in the case of silica is still not
understood to any great extent.
Typical TEM micrographs of silica show primary particles with a diameter of approximately 20 nm. Several
primary particles form small agglomerates or aggregates with a size of approximately 100 nm. Larger
agglomerates are on the length scale of micrometers. To characterise those structures scattering methods are the
most suitable methods. However, objects larger than about 150 nm in diameter could only resolved with
neutron scattering experiments, e.g. on KWS3 at KFA-Jülich.
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3. Results
Figure 1 shows scattering images for various elongation ratios obtained on polydimethylsiloxane filled with
silica VN3. A length scale from about 250 nm up to 1000 nm is covered. Obviously with increasing elongation
ratio the microstructure becomes a preferentially orientation according to the external elongation which is
vertical.
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Figure 1: Two-dimensional scattering images of polydimethylsiloxane filled with silica for various elongation
ratios. (a) O = 1, (b) O = 2, (c) O = 3 and (d) O = 4.

4. Conclusion
As demonstrated above, to characterise the structure of the agglomerates scattering experiments, which allows
the examination of length-scales between 250 nm up to 1000 nm, are necessary. For this reason neutron
scattering is essential. The most suitable instrument is KWS-3. However these first experiments allow only a
small insight into physical details.
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Experimental report text body
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The self-assembly of poly(co-olefins) in dilute solution has been shown via SANS to yield either plate-like or
needle-like micelles [1,2]. The resultant supra-molecular structures are dependent upon the copolymer
architecture. The crystalline-amorphous diblock copolymers yield self-assembled hairy platelets while the
corresponding random copolymers yield one-dimensional needle shaped aggregates. Both kinds of polymers
are able to modify the wax crystal structure in dilute solutions. The PEB-n random copolymers (n-the number
of ethyl sides per 100 backbone carbons) show selectivity in their wax crystal modification capacities
depending on the ethylene content. It was established that the copolymer containing larger crystallizable PEsections (PEB-7.5) is very efficient for the longer wax molecule (C36) while the less crystalline copolymer
(PEB-11) is better suitable for the shorter wax (C24) [3]. From the experimental investigation of 6K copolymers
and paraffins two mechanisms of polymer-paraffin interaction have been identified. On the one-hand, cocrystallization of the copolymer and paraffin within thin platelets occurs as a consequence of a good fit between
the self-assembling properties of the investigated polymer/paraffin pairs (PEB-7.5/C36 and PEB-11/C24). On the
other hand, primordial polymer aggregates act as a template for the subsequent paraffin crystallization when the
polymer has a higher self-assembling point (PEB-7.5/C24). For the latter case a shish-kebab like morphology
was proposed: very large common paraffin-copolymer platelets are developing laterally around a copolymer
fiber and form a correlated arrangement imposed by the modulated density along the fiber.
In order to understand better the mechanism of paraffin crystallization on polymer templates we performed at
the KWS-3 ultra SANS instrument a series of measurements on several PEB-7.5/C24 mixed solutions in decane
for different paraffin contents. The common aggregation behavior of copolymer and paraffin was checked by a
slow cooling of solutions between the single coil regime, at around 85°C, and the aggregation stage, well below
0°C. A Q range between 10-4 – 10-3Å-1 was investigated allowing a study of structures with micrometers size. In
order to investigate separately the copolymer and paraffin conformation inside the common morphologies the
contrast matching technique was applied.
1
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The most interesting case was that of visible paraffin because for a certain temperature range the paraffin forms
only one type of aggregates. At low Q the polymer scattering pattern represents a convolution of two scattering
contributions, one from the 1D objects and another one from the 3D big compact aggregates [4]. This does not
allow a clear evaluation of the polymer distribution inside the common paraffin-copolymer structures.
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Fig.1 a,b – Scattering patterns
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Fig.1 a,b present the scattering patterns from PEB-7.5/C24 solutions in decane for two paraffin contents
obtained under the paraffin contrast at KWS3 ultra-SANS and KWS2 classical SANS instruments. The Q-2
power law behavior extends over a wide Q range and proves that the paraffin stays inside 2D aggregates. These
are platelets forming a correlated arrangement as it is proved by the correlation peak at around Q*=0.025Å-1.
Such an arrangement must be dictated by the primordial polymer aggregates that are formed at much elevated
temperature than that of paraffin crystallization and show a 1D morphology with a longitudinally modulated
density. The platelets are very large. Their lateral size could not be obtained from the present data much lower
Q values being required for this evaluation. The temperatures where the paraffin platelets are identified by the
qualitative analysis of the scattering patterns are around 0°C and –20°C for solutions containing 4% and 0.5%
paraffin, respectively. In the case of the most concentrated solution ()W=4%) large 3D aggregates are formed
below –10°C. The data measured at KWS3 in this regime are affected by a strong multiple scattering. For a
clear evaluation of these objects very thin sample cells are required.
Nevertheless, these aggregates are formed by the continuous growth of paraffin crystals from the platelets into
the third dimension. Microscope observation of solution with 4% paraffin at –20°C (Fig.2) revealed 1D objects
with a length of many micrometers and which undoubtedly prove that the paraffin crystals the initially formed
polymeric rods. Although in this later stage of crystallization the platelets are buried by the massive paraffin
crystallization they must have the same size with the rod thickness, namely about 2-3 Pm.
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Fig.2 – Micrograph from PEB-7.5/C24
solution in decane at –20°C for 4% paraffin
content. 6FDOHEDU Pm.

2

352

Institut für Festkörperforschung
Forschungszentrum Jülich GmbH
D-52425 Jülich

Experimental Report
of Neutron Scattering Experiments
at the FRJ-2 Reactor
Proposal number:

KW3-04-007

Experiment title:

Characterisation of high-molecular weight polymers

Dates of experiment:

8. 10. 2004 (KW2)
10.5.-17.5. 2004 (KW3)

Experimental team:
Names
Stellbrink, Jörg

Addresses
IFF, Forschungszentrum Jülich

Local Contact:

W. Pyckhout-Hintzen

Date of report:

9.3.2005
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Addition of non-adsorbing polymer to colloidal suspensions induces an attractive part to the colloidal pair
potential, which is of purely entropic origin (“depletion interaction”)1). The strength of the attractive interaction
depends on polymer concentration, its range on the size ratio q=Rg/Rc, with Rg the polymer radius of gyration
and Rc the colloid radius. This change in pair potential leads to an altered phase diagram, which for Jt0.25
shows an 3 phase coexistence region of colloidal gas, colloidal liquid and colloidal crystal, i.e. a stable triple
point. Large size ratios, the so called “protein limit”, are of relevance for biological samples, where often large,
biopolymers interact with smaller, globular proteins.
We now want to investigate a model system, which consists of high molecular weight polymers,
poly(butadiene), Mw=3x106g/mol, Rg§1000ǖ, and small Silica colloids, Rc§200ǖ. Before investigating the
mixtures we thoroughly have to characterize the individual components. We already applied static and dynamic
light scattering for characterization of the polymers, see fig. 1, but the data quality at low concentrations is not
satisfying. Moreover, there is some discrepancy between the Mw we obtained from a Zimm plot of the light
scattering data and the one given by synthesis/GPC.
For this reason we also used small angle neutron scattering, in particular to make use of the higher contrast
between protonated polymer and deuterated solvent. Due to the large size of the polymers we had to use USANS (KWS3 ) and conventional SANS (KWS1).
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Figure 1: Static light scattering intensity vs. scattering vector Q obtained for pb-3800k.
For characterizing the polymers all solutions had to be well below the overlap concentration, which means for
polymers of this molecular weight a volume fraction ĭ§ 10-4. Unfortunately at this low concentrations the
intensity of all solutions were only slightly above the background level, in particular in the U-SANS regime, so
only data with extremely low statistics could be collected. Moreover, the low-Q data were not achievable at all,
so no overlap with the light scattering data could be obtained. Nevertheless the data presented in figure 2 seem
to follow at least the expected power law behaviour I~Q-5/3 as expected for a swollen polymer chain in a good
solvent, see figure 2. But to finally really characterize the polymer the experiments have to be repeated at
considerably higher volume fractions.
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Figure 2: Intensity profile obtained by SANS vs. scattering vector Q for pb-3800k in d-cyclohexane.
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In order to characterize the space-resolved neutron detection efficiency of the KWS-3 detector, we scanned the
detector along the horizontal (x) and the vertical (y) through the primary beam. Adding all the detector images
obtained in this way, we were expecting an equal illumination of all the detector pixels. Due to the limited scan
range in the x direction, we performed this scan for two different x-positions of the primary beam. The results
are shown in Fig.1 a) and b).
In the region of overlap of the two images, we observe different intensity variations, which can be easier
resolved when one calculates the ratio between the two intensity profiles. As shown in Fig.2, this ratio is not
constant everywhere in the overlapping region..
We conclude that the thus obtained intensity profile can not be used as calibration of the space-resolved
detection efficiency of our detector. A successful determination of this efficiency has been obtained on the
HADAS experiment (see report HAD-04-008).
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a)

b)

Fig.1: Intensity pattern obtain by scanning the detector in x and y for two positions of
the image of the entrance slit through the mirror.

Fig.2: Ratio between the two above pictures.
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Crystallization from solution of syndiotactic polypropylene has been investigated by SANS performed over a
wide temperature range [1]. Several solutions prepared for different molecular weights (MW=3K, 8.1K, 43.4K,
61.4K and 85K) and different polymer volume fractions ()pol=0.5% and 1%) have been measured. The
polymer form large scale aggregates. The morphology of these objects was easily identified from the clear Q-2
behavior of the intensity, characteristic for the scattering from platelets. From the 2D Guinier evaluation of the
platelets‘ forward scattering we concluded that for the higher MW polymers (43.4K and higher) almost all
polymers were involved in a rapid crystallization event even once it started just above 40°C while for the lower
MW polymer the crystallization takes place gradually, at 20°C less than half of polymers being inside the
aggregates (for 3K only 25%). Since at low Q no deviation from the Q-2 slope was observed (a so-called
Guinier regime) we concluded that very large platelets (of sizes much larger than 1000Å) are formed.
At larger scale the platelets associate and form spherulitic like aggregates [1]. For the 61.4K polymer these
aggregates have been observed either by optical microscopy or ultra-small angle scattering performed at KWS3
and DKD instruments in Jülich. The Guinier regime of their scattering was observed in the Q region below
10-4Å-1. They are big swollen aggregates with a radius of gyration of about 4.5 Pm and a polymer density of
about 15%. In the present study we investigated at the KWS3 ultra-SANS instrument the crystallization of the
lowest MW sPP polymer from a 0.5% solution in decane. Fig.1 presents the scattering pattern collected at room
temperature over the whole Q range accesible by combining the KWS1 and KWS3 instruments. The Guinier
regime of the large scale aggregates was reached within the low Q range of the measurement at KWS3, no
additional investigation at lower Q being necessary.
From the data analysis in terms of Beaucage [2] form factor the radius of gyration and forward scattering have
been evaluated. Supposing the large scale aggregates are made by the small scale platelets and knowing that
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only 25% of polymers are crystallizing inside the compact platelets [3] we estimated that the polymer density
inside the spherulitic aggregates is about 5%. Thus, the density is very small and the explanation of the Q-4
power law behavior of the scattering intensity at low Q is for the moment quite problematic. A possible
explanation might be that of a 1/R2 dependence of the density inside the spherulites that can give raise to such a
power law behavior of the intensity. This study is still in progress.
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Fig.1 – The scattering pattern from a 0.5% solution of
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scale aggregates).
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Neutron Spin Echo Spectrometer (NSE)

Instrument Parameters
Beam tube:

NLIIB curved guide

Monochromators:

polarizing multilayer mirror (FeGe)
velocity selector (DORNIER) 'O/O = 0.1 (or 0.2)

Incoming beam
- Cross section of guide:
- Sample size:

4.5 cm (height) u 3 cm (width)
4 cm u 4 cm (max.)

Collimation:

by source and sample size or wire collimators 0.5° u 0.5°

Polarised neutron flux
at sample (O = 8 Å):

8 u 105 n/cm2 s (natural collimation)

Wavelength range:

O = (8 r 2) Å, alternative mirror (6 r 2) Å

Momentum transfer range:

0.01 ... 1.5 Å1

Fourier time range
(in STD set-up):

0.04 ... 48 ns

Max. field integral:

0.5 Tm

Analyzer:

30 u 30 cm2 CoTi supermirror Venetian blind

Detector:

32 u 32 1cm2 cells 3He multidetector

Instrument Responsible
Dr. Michael Monkenbusch Tel. +49-(0)-2461-61-4314 Email: m.monkenbusch@fz-juelich.de
Dr. Ralf Biehl
Tel. +49-(0)-2461-61-4685 Email: ra.biehl@fz-juelich.de
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The diffusion of perdeuterated isobutane in the zeolite silicalite was measured on the neutron spin echo
spectrometer NSE. Three temperatures were studied: 444, 492, and 550 K (the accuracy is of r 10 K).
Momentum transfers values ranging from 0.08 to 0.3 Å-1 were selected. Diffusivities were derived using a jump
diffusion model to take into account the Q dependence of the collective diffusion coefficients.
Previous experiments on isobutane in ZSM-5 zeolite (same framework as silicalite but with some aluminum
atoms and therefore some sodium cations in the structure) were performed on the back-scattering spectrometer
IN16, at the ILL, Grenoble [1]. In these experiments, the broadenings due to translation were only 10-20% of
the instrumental resolution. At 500 K, the diffusion coefficient which was obtained was of 3 u 10-12 m2s-1 [1].
In the silicalite zeolite, we obtain by NSE a diffusivity of 2.1 u 10-11 m2s-1, at 490 K, i.e. 7 times larger than
in ZSM-5. This is an interesting information which shows that one can tune the diffusion of this branched
alkane in this zeolite by changing the chemical composition.
By extrapolating the NSE diffusivities to 300 K, one obtains a value of 8 u 10-13 m2s-1, which is in good
agreement with a recent interference microscopy investigation performed on the same system which gave 1 u
10-12 m2s-1, at 300 K [2]. On the other hand, theoretical simulations based on transition path sampling for
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Figure 1. Normalised intermediate scattering functions obtained for isobutane adsorbed at 492 K in silicalite,
for different Q values: ({): 0.1, (): 0.2, (S) 0.3 Å-1. The small angle scattering due to the texture of the
zeolite crystals explains the shift observed for Q = 0.1 Å-1. The data do not tend to unity at short times because
of fast local rotational motions.

isobutane in silicalite yield diffusion coefficients which are in the range 10-15 - 10-16 m2s-1, that is several orders
of magnitude lower than the experimental values [3]. This large discrepancy is due to the fact that the zeolite
framework was considered as rigid in the simulations, and that the Lennard-Jones size parameter describing the
alkane-zeolite interactions has a crucial influence on the hopping rates. PFG MAS NMR experiments (in
Leipzig) are in progress to compare with the NSE data.
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Experimental report text body
We have performed NSE measurements on a system composed of 30-60 covalently bonded monomers that
have hydrogen bonding groups –ureidopyrimidinone- (UPy’s) attached at the end. We call such a linear chain
of any length or chemical composition a spacer. The hydrogen bonding groups allow for the creation of long,
hydrogen bonded polymers. We have studied the Rouse dynamics of such polymers.
Our system was composed of a mixture of 85% deuterated and 15% protonated spacers. The correlation
function corresponding to such a labeling is:

S Q, t
S Q,0

S self _ diffusion Q, t S short _ chain Q, t
S self _ diffusion Q,0 S short _ chain Q,0

Where self_diffusion refers to the self diffusion of a covalently bonded unit. Taking the Rouse unit equal to the
covalently bonded unit,
S self _ diffusion (Q, t )
S self _ diffusion (Q,0)
: R (Q)

1½
 2
: R (Q)t 2 ¾
exp®
¯ S
¿

b2 4
1
k BT
Q
]
12

for W  W R

Form Version: 19.02.03

1

363

S short _ chain Q, t

Is the dynamic structure function of the spacers (covalently bonded units).

S short _ chain Q,0
As a first approximation, we can consider that

S short _ chain Q, t

S chain Q, t
S chain Q,0

S short _ chain Q,0
Where, Schain (Q,t) corresponds to the chain dynamic structure factor as derived in Doi and Edwards.
This assumption is justified by the observation that during the derivation of the chain dynamic structure
function the sum over different monomers is transformed into an integral that has a maximum for monomer
indexes m#n.
Data fitting
We fitted the data with two possible functions: first, only with the self diffusion function, second, with the
product of the self diffusion and the chain dynamic structure function. We have found that both of these
functions fit the data well.
Fits of the correlation function: the red curve is a fit to the self diffusion function while the green curve is a fit
to the product between the self correlation function and the chai dynamic structure factor.

N
dyne
]
2.30  108 3 2.30  10 7
(fit
b2
m
cm3
to product of the self diffusion and the chain dynamic structure function) and
N
dyne
]
1.23  108 3 1.23  107
(fit to the self diffusion) .
2
b
m
cm3
Conclusions
No direct effect of the hydrogen bonds have been detected.
Data can be well fitted with the Rouse model.
More subtle effects of the non-uniform mass distribution along the chains (the large Upy groups inside the
chains) could be detected.
Next NSE experiment should focus on the effect of the UPy’s and their distribution on the dynamics of the
polymer chain.
For a direct comparison we can perform experiments on a covalently bonded polymer with the following
labeling where red is protonated and blue deuterated.:
From the fits we obtain for the segmental friction coefficient the values

This experiment would allow us to resolve the dynamics of the chain with no UPy’s inside and compare it with
the results obtained so far (with the UPy’s).
The second possible labeling (red is protonated, blue deuterated, the green shapes the Upy’s):
This particular labeling, when compared to the labeling 1, would allow direct detection of the effect of the Upy
groups on the dynamics.
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Supercritical carbon dioxide (scCO2) has attracted much attention as an environmentally friendly solvent. With
certain surfactants, it is possible to create water-in-scCO2 droplet microemulsions. For the study of the
dynamical behaviour of supercritical microemulsions, a new high-pressure cell, which is due to the
nonmagnetic construction and the large windows well suited for NSE experiments, has been tested.
Droplet microemulsions and microemulsions with a water/CO2- ratio of 1 and high surfactant concentration
(>50%) have been prepared in the pressure cell and measured with the NSE spectrometer. It turned out that the
dynamics of such samples is very fast and the use of the shorty- option of the spectrometer is necessary in order
to measure in the sub-nanosecond regime.
One commercially available surfactant which has been used in studies in supercritical CO2 is the non-fluorous
surfactant LS-54 (Cognis) [1]. The first NSE-experiments in the pressure cell have been made with this
surfactant. Since the NSE experiments are relatively long, only moderate pressures (~100 bar) have been
chosen, where the pressure loss in the cell was minimal.
Fig. 1 shows the dynamic structure factor for two q-values (q=0.05 Å-1 and q=0.08 Å-1) for a sample containing
water, the surfactant LS-54 and CO2 at 50°C and 120 bar. In a droplet microemulsion, the diffusion of the
droplets will contribute predominantly to the signal. Due to the low viscosity of CO2, the diffusion is very fast,
which results in a very fast decay of the relaxation curves, as shown in Fig. 1 for Fourier-times up to 100 ps for
relatively small q-vectors. The experiments gave a good first imression on the handling of the pressure cell and
experiments with liquid and supercritical CO2.
[1] J. Liu et al., Chem. Eur. J. 8 (2002), 1356
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Figure 1: Dynamic structure factor of a water-in-CO2 droplet microemulsion at 50°C and 120 bar.
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Introduction
Pyrochlore oxides of the chemical formula A2B2O7, where A is a rare-earth ion and B is a transition-metal ion,
has the face-centered-cubic structure with space group Fd3m and eight molecules of its general formula in a
unit cell. In the RE2Ru2O7 (RE=rare earth and Y), Ru has a partially filled 4d shell and possesses a magnetic
moment, and RE and Ru form two individual networks of corner-sharing tetrahedrons1,2. It was reported that all
the RE2Ru2O7 show a specific heat jump in the temperature range 75-160K which is correlated with the rareearth ioinic size. Ho2Ru2O7 compound, susceptibility data2 shows a small irreversibility effect in zero field
cooled and field cooled data below 95K, which is in very good agreement with the report of measurements of
specific heat1. It would be interesting to perform time-of-flight experiments to investigate the spin correlations
and excitations of pyrochlore Ho2Ru2O7 above and below the Ru4+ freezing temperature.
Experimental
The purpose of the experiment is to investigate the spin dynamics within the Ho2Ru2O7. Because of the neutron
absorption of the sample, a sample holder with 3.25 cm length, 0.75 mm thickness was used. The conditions of
neutron wavelength of 8 Å, a beam size of 27 mm x 27 mm, and the scattering angle of Q=0.7 Å -1 was set up
for the experiments. For the normalization of the spin echo signal, the normalization runs with the applied field
of few gauss were carried out in additionally. Four different temperature data, 17.7 K, 40 K, 80 K and 110 K
was taken between the time scales of 0.02 ns to 12 ns.
Results
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Fig. 1 (A) NSE raw data ofW=0.024 nsec data and fits at 17.7 K, 80 K and 110 K. (B) Normalized S(Q,t) as a
function of time for various temperatures. The lines are the forced fits to an exponential function y=A*exp(* 7 *t with constant A. Different relaxation mechanisms may exist at low temperatures.
Fig.1 (A) showsW=0.024 nsec experimental raw data taken at 17.7, 80, and 110 K together with their fits. The
amplitudes of the fitting curves at different temperatures and time scales are plotted as Fig.1 (B). An
exponential function of y=A*exp(-* 7 *t was adapted to fit the relaxation at different temperatures. The
creative fitting curve for 17.7 K may reveal other relaxation mechanisms existing at lower temperatures. * 7 is
plotted and fitted to Arrhenius expression as shown in Fig.2 (A). The curve deviation seems to be within the
error tolerance. We calculated the ac susceptibility from frequency * 7 and show the results as Fig. 2 (B).
The peak observed at 13 K may correspond to spin flip frozen process the two states of the ground state
doublet3.
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Fig. 2 (A) Frequency * 7 fits to an Arrhenius expression. (B) Ac susceptibility calculated from Frequency
* 7 A peak is observed at 13 K, which may correspond to spin flip frozen process between the two states of
the ground state doublet.
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Experimental report text body

The aim of this experiment was to measure by means of NSE the incoherent scattering
function of 1,4-polybutadiene (1,4-PB). The results would be used to validate fully atomistic
molecular dynamics simulations we are carrying out on this system. The combination of both
kinds of techniques shall shed some light on the long-standing problem of the merging of the Dand E-relaxations in this polymer.
The experiments were carried out on a fully protonated sample of about 0.35 mm
thickness. For T=280K (i.e., about 100K above the glass transition temperature), measurements at
Q=0.2,0.3,0.5,0.7 and 1Å-1 were performed with an incident wavelength of O=8Å. The Q-value
1.3Å-1 was investigated by using O =6.5Å. The obtained decay functions are shown in Fig. 1. We
can see that, despite the difficulties involved in this kind of NSE measurements on incoherent
scattering, the quality of the data is quite satisfactory. This was only possible by using very long
measuring times (about 2 days/spectrum). On the other hand, the agreement between experimental
and simulations results at the same conditions is good, as can be appreciated in the same figure.
These measurements allow to determine the Q-dependence of the characteristic times
for the self motion of protons. As usually found for glass-forming polymers, it shows a Q-2/E
dependence, where E is the stretching exponent [1].
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For Q=0.7 and 1.3Å-1 we have also investigated the T-dependence of the scattering function. In
addition to 280K, T=260, 240 and 220K have been studied. Figure 2 shows the results obtained.
Again long measuring times had to be used. Unfortunately, for the lowest T investigated the
uncertainties in determining the shape of the decay and the characteristic time are high due to
the deficient statistics of the data. The T-dependence obtained for both Q-values, at least for
T240K and within the uncertainties, is compatible with that of the D-relaxation determined
from earlier measurements on the dynamic structure factor at the first maximum of S(Q) [2].
Possible deviations from this behavior at lower T cannot be either deduced or discarded from
the present results.
1

Figure 1: Self correlation function of the
protons measured by the Jülich NSE
spectrometer on the 1,4-PB protonated
sample at 280K and 0.2, 0.3, 0.5, 0.7, 1.0 and
1.3Å-1 (top to bottom). The MD-simulations
results are shown for comparison at the same
T- and Q-values (dots). The NSE amplitudes
have been corrected for bandpass effects by
considering the value of the decay computed
from the MD-simulations for t=0.2 ps.
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Figure 2: T-dependence of the incoherent
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Bicontinuous microemulsions, consisting of water, oil and a surfactant, can be modified by the addition of
diblock-copolymers (boosting effect). At high diblock copolymer densities, in the brush regime, the bending
rigidity and the compression modulus are modified. In this experiment, the dynamics of lamellar
microemulsions has been studied by NSE in the brush regime, with high diblock copolymer density.
In previous studies, the diblock copolymer density was small enough that they stayed in the mushroom regime,
i.e. the average distance between two polymer grafting points is bigger than the end to end distance of the
single blocks. The dynamics of such microemulsions in the lamellar phase is studied e.g. in [1]. Increasing the
concentration of the amphiphilic block-copolymer (PEP5-PEO5) leads to a change in the dependence of the
bending rigidity on the molecular size and concentration [2].
For the NSE-experiments, film contrast samples, consisting of D2O, d-decane, the diblock copolymer PEP5PEO5 and the surfactant C10E4 have been used to observe the local dynamic properties of the surfactant
membrane. Four different samples have been prepared, one pure lamellar microemulsion with a surfactant
concentration of 21 % and three samples with added diblock copolymers with a surfactant concentration of ~7
% and diblock copolymer concentrations (membrane fraction consisting of diblock copolymers) of 12, 22 and
32 % respectively.
S(q,t) from the experiment can be described in a first approximation in terms of a stretched exponential
function, leading to a reduced relaxation rate **, where the q- and viscosity dependence has been eliminated
and which should therefore not depend on surfactant concentration.
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Fig. 1 shows S(q,t)/S(q) for the sample with 32% diblock copolymer contents in the membrane. The resulting
reduced relaxation rate showed a decrease with increasing diblock copolymer concentration, which
corresponds, according to the Zilman-Granek theory, to an increase of the bending rigidity. Previous studies in
bicontinuous microemulsions [3] showed a linear dependence of ** on J, but almost no difference between
samples with added diblock copolymer and pure microemulsions. This effect has to be quantified in the present
system for a proper comparison between brush regime and pure microemulsion. A determination of the bending
modulus N will be made, which necessitates to solve some problems in the numerical evaluation procedure.

Figure 1: S(q,t)/S(q) and fit with a stretched exponential function for a lamellar microemulsion in the brush regime for
q=0.5…2.8 nm-1.

[1] M. Mihailescu, M. Monkenbusch, J. Allgaier, H. Frielinghaus, D. Richter, B. Jakobs, and T. Sottmann,
Phys. Rev. E, 66,041504, 2002
[2] C. Hiergeist, R. Lipowsky, J. Phys. II, 6, 1465, 1996
[3] M. Mihailescu, M. Monkenbusch, H. Endo, J. Allgaier, G. Gompper, J. Stellbrink, D. Richter, B. Jakobs, T.
Sottmann, and B. Farago. J. Chem. Phys., 115(20):9563-9577, 2001
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Our aim was to investigate the dynamics of block copolymers containing peptide blocks. The diffusional
dynamics of Poly(styrene)-Poly(lysine) diblock copolymers in solution were studied with NSE in the semidilute
regime. Sample compositions and concentrations are in Table 1. The copolymers were dissolved in D2O and
then injected into customized quartz cells of 30x30mm area of 4mm thickness for concentrations of 3%wt and
of 2mm thickness for concentrations of 10%wt.
Table 1
Nth

H-NMR
Nprotected

H-NMR
Ndeprotected

PS8-PLys40

40

40

45

72

1.22

60

1.31

PS8-PLys60

60

58

75

93

1.20

77

1.28

Sample

RI
GPC DMF
N    MW / M n

Vis cos ity
GPC DMF
N    MW / M n

Conc
(wt%)
3.00
9.94
3.00
10.05

Each solution was measured for 2 days and additional experiments were carried out for background and
resolution measurements. The intermediate normalized dynamic structure factor S(q,t)/S(q,0) was then probed
in respect to Fourier times ranging from 0.14 < t(ns) < 22 and for wavelengths in the range of
0.03 < q (Å-1) < 0.14. The collected data were initially analyzed using a single [ y (t ) AO e  *t ] and stretched
E

[ y (t ) A0 e  ( *t ) ] exponential decay functions. Fig 1. shows the comparison of quality for each fit for PS8-PL45
at 10%wt. In the second case, the exponent has an average value of ȕ = (0.66±0.11) which indicate that the
dynamics should be described by the Zimm model1,2 with ȕ=2/3.
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Fig. 1 Comparison of single and streched exponential fittings for PS8-PL45 (10%wt). The strectched exponential function fits better
the decay times for the block copolymers
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The dynamic structure factors of the copolymer micelles for each sample were then fitted with a constant
exponent of ȕ=2/3 which provide information on the local dynamics of the polymer micelles, Fig. 2a shows
representative data for PS8-PL75 (3%wt). The hydrodynamic interactions are taken into consideration based on
the applied model and a characteristic frequency3 is introduced to describe these interactions (Fig. 2b)
Fig. 2. shows a) the dynamic structure factors for PS8-PL75 (3%wt) obeying Zimm model and b) the proportionality of the
characteristic frequency accounting for the hydrophobic interactions vs. q3.
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The same analysis was done for the other samples and was found that this model describes satisfactorily
the experimental data. We found that the dynamics can be described by Zimm dynamics of a system with a
distribution of relaxation times. The hydrodynamic correlation length was also evaluated. The results are
presently being compiled into a paper for publication.4
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Experimental report text body
The cell is a highly crowded environment, made up of large macromolecular machines such as ribosomes,
macromolecules such as proteins, RNA and DNA, water molecules and ions. Since this crowded environment
differs dramatically in its properties from the dilute solutions used in biochemical studies, neutron work on
whole cells is of particular interest and opens up exciting possibilities to answer important questions. Previous
experiments in our lab were conducted on extremophile bacteria and showed how adaptation to different
environments can be reflected in global macromolecular dynamics [1]. Here we aimed to examine the diffusion
of proteins in vivo, by neutron spin echo spectroscopy. In parallel, we characterised the cell samples, with small
angle scattering.

Small angle experiments
Two samples were examined: Escherichia coli cells prepared under physiological conditions and submitted to a
heat stress at 80°C during 2 hours. Natural abundance Escherichia coli cells were observed in D2O solvent, to
maximise contrast. A freshly cultured cell sample was compared to cells that had been submitted to the heat
treatment. Note that the fresh sample was a lot more viscous than the heated one. SANS experiments were
performed with a wavelength of 6 Å at KWS-2. Three sample-to-detector distances (2, 8 and 18 m) were
employed to cover a Q-range of 0.002-0.2 Å-1. Data were corrected for instrumental background and detector
efficiency. As the experiments revealed an anisotropic distribution of the intensity for the sample under
physiological conditions, we recalculated its intensity along the preferential (X1) and its perpendicular (Y1)
directions, to estimate the error-range.
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Both samples show a Q-4 and Q-3 power law, at low and large Q respectively. At low Q, the Q-4 power law is a
measure of the total surface. As the cell is a complex polydisperse system, the scattered intensity at small angles
contains the sum of all the macromolecule contributions, and yields information on the global structure. This
magnitude of about four suggests that the global geometry of the objects has a well defined boundary. There is
no change in the slope for both samples, which may suggest that the heat treatment did not modify the
microstructure of the sample, which is very surprising since the macromolecules should be mostly denatured.
The factor of three observed between both intensities is in good agreement with their respective experimental
mass densities, which was higher for the heated sample.
The important feature of this experiment is the peak revealed for both samples at Q equals 0.02 Å-1, which is
anisotropic before the heat stress, and isotropic after. We reported in Figure 1 the Q-dependence of the intensity
scattered by both samples, before the anisotropy correction for the sample under physiological conditions. In
Figure 2 are presented the scattering patterns collected along the X1 and Y1 directions for the unheated bacteria
and the non-corrected curves for both samples around the peak. As shown in Figure 2, the anisotropic intensity
observed for the normal bacteria does not affect the position of the peak but its intensity: the corrected peak is
located between both extreme curves. The presence of a peak reveals an internal order inside the cell. Under
physiological conditions, the periodicity is oriented in a particular direction; after the strong heat stress the
order is still present but there is no orientation anymore. It leads to two fascinating questions: first, what is the
origin of this pseudo-order or periodicity, which is still present after a strong heat shock (i.e denaturation of
most of the cell components)? Secondly, why does the orientation disappear after the heat stress?
A possible answer would be to explain the presence of the peak by the periodical stacking of planar objects,
separated by about 345 Å, as given by the Q-value of the peak. Escherichia coli bacteria are rod-shaped
prokaryotes of about 1µm×3µm, surrounded by a cytoplasmic membrane, a peptidoglycan and a gram-negative
cell wall, whom the total thickness is about 180 Å. Therefore, the peak may arise from the ordered membrane
stacking of the rod shaped bacteria. This hypothesis could be verified by examining specifically the
contribution of membranes with future SANS experiments. The specific deuteration of proteins and nucleic
acids, combined with the solvent contrast variation technique will permit to separate the contributions due to
each type of macromolecules (protein, nucleic acid, lipid). By modulating the solvent D2O:H2O ratio, the
scattering from different kinds of macromolecules can be matched out. Nucleic acids are matched out at about
65% D2O, proteins at about 42% D2O, and lipids at about 13% D2O. Moreover, their respective match points
can be changed by selective deuteration, which increase the number of possible combinations. This ambitious
project may allow us to push further the structural description of the Escherichia coli cell.

NSE experiments
The same samples were used for the spin echo measurements. Since the samples are removed from their culture
medium and placed in a sealed holder, they are effectively submitted to a stress during the experiment. The
measuring times in a spin-echo experiment are relatively long, so the first question we addressed was to see
whether this starving has an effect on their dynamics. The results are displayed in Figure 3. The ‘first’, ‘second’
and ‘third’ scans are performed at about 20 hours interval, so between each the cells have been starved for this
amount of time. Any changes this starving induces on the centre of mass dynamics of the macromolecules, are
within the error bars of the experiment, so it is feasible to perform these studies over the long times necessary
for data collection.
Figure 4 shows the differences between the uncooked and cooked cells where proteins are mostly denatured.
The decay rate for these cells is only slightly different however from that of ‘healthy’ cells. In such a complex
system as a biological cell, these different decay rates will require careful interpretation.
[1] Tehei M, Franzetti B, Madern D, Ginzburg M, Ginzburg BZ, Giudici-Orticoni MT, Bruschi M, Zaccai G.
(2004) Adaptation to extreme environments: macromolecular dynamics in bacteria compared in vivo by
neutron scattering. EMBO Rep. 5(1):66-70.
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Figure 3: the normalised dynamic structure
factor S(q,t)/S(q,0) for three Q values after
different periods of starvation.

Figure 4: the normalised dynamic structure
factor S(q,t)/S(q,0) for the cooked (filled
squares) and uncooked (empty squares)
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Experimental report text body

Die Funktion von Proteinen ist eng verknüpft mit ihrer Struktur und den sich daraus ergebenden Möglichkeiten
der Interaktion mit anderen Proteinen oder im Fall der Rnase A mit DNA, welche durch Rnase abgebaut wird.
Die Struktur der Proteine ist implizit in der Primärstruktur der Aminosäuresequenz gegeben. Die für die
Funktion wichtige Sekundär- und Tertiärstruktur wird durch die Faltung der Proteine erreicht. Wie diese
Faltung zustande kommt und welche Kräfte treibend sind ist bisher nicht ausreichend geklärt.
Die Konfiguration der Aminosäuresequenz bestimmt neben der Funktion auch die innere Dynamik des
Proteins. Aus dem Vergleich der Dynamik verschieden stark denaturierter (entfalteter) Rnase wollen wir
Rückschlüsse auf die möglichen Konfigurationsänderungen und damit auf die Funktionsweise beim Abbau der
DNA ziehen.
Wie vorangehende Experimente mittels „Differential Scanning
Calorimetry“ zeigten (siehe Abbildung 1) beginnt der
Entfaltungsprozess bei Temperaturen von etwa 35° C und ist
abgeschlossen oberhalb von 60°C. Die Änderungen der internen
Dynamik des Proteins sollten am ausgeprägtesten im Vergleich
von Normalzustand und diesem denaturierten Zustand sein.
Abbildung 1: DSC Messung an Rnase A in Bufferlösung ( 10 mM
KPO4 + 0.4 M NaCl ). Die Entfaltung des Proteins ist ab 30 °C am
Anstieg der zugeführten Leistung erkennbar. Abgeschlossen ist die
Denaturierung oberhalb von 60 °C.
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In der Kleinwinkelstreuung beobachteten wir an den vordenaturierten Rnase Lösungen die Streuung großer
Agglomerate mit einem Gyrationsradius von etwa 200 A. Mit steigender Temperatur verringerte sich der
Kontrast und der Gyrationsradius fiel auf etwa 160A. Gleichzeitig stieg die Streuung bei hohen Streuvektoren.
Eine detaillierte Analyse ergab, dass scheinbar
einzelne Proteine von den Agglomeraten abfallen,
welche die Größe der Agglomerate verringern sowie
im Bereich großer q einen Streubeitrag liefern.
Die native Rnase zeigt demgegenüber im Verlauf
der Messung keine Neigung zum agglomerieren.
Der Gyrationsradius beträgt etwa 17A und
vergrößert sich leicht mit steigender Temperatur.
Auffällig ist die Verringerung des Kontrasts mit
steigender Temperatur.
Abbildung 2 : Kleinwinkelstreuung an nativer und
vordenaturierter Rnase bei verschiedenen
Temperaturen.
Trotz der vorliegenden Aggregate überwiegt im für das NSE zugänglichen Streuvektorbereich (q> 0.05A-1) die
Streuung durch die unaggregierten Proteine. Die Messungen der Dynamik am NSE erwiesen sich als
problematisch, da bei der benutzten Konzentration das Signal für große Streuvektoren zu gering war. Weiterhin
erfolgte eine Verringerung des Kontrastes durch Austausch der Wasserstoffatome im inneren des Proteins
durch Deuterium beim Entfalten durch Temperaturerhöhung. Dies erhöht somit die Fehler gerade bei großen
Streuvektoren im denaturierten Zustand. Im vordenaturierten Zustand bei 20 °C beobachteten wir reine
Diffusion in Übereinstimmung mit Diffusionskonstanten aus Messungen mittels dynamischer Lichtstreuung am
gleichen System. Der resultierende hydrodynamischen Radius entspricht etwa der Größe des Einzelproteins
(siehe Abbildung 2). Die Änderung der Diffusion bei erhöhter Temperatur im entfalteten Zustand entspricht
einer Änderung des effektiven hydrodynamischen Radius von ca. 21 A auf ca. 32 A.
Aufgrund der größeren Fehler im denaturierten Zustand kann nicht zwischen einer konstanten
Diffusionskonstanten und einer etwaig überlagerten inneren Dynamik unterschieden werden. In weiteren
Experimenten soll mit höheren Konzentrationen versucht werden, zu klären ob im Bereich großer
Streuvektoren die innere Dynamik beobachtet werden kann.
Abbildung 3: Ergebnisse NSE:
links: Diffusionskoeffizienten
in Abhängigkeit vom
Streuvektor; rechts:
hydrodynamischer Radius nach
Stokes Einstein.
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Experimental report text body
Certain fluorinated and some non-fluorous surfactants are known to form water-in-scCO2 droplet
microemulsions. The dynamical behaviour of such droplet microemulsions has been studied in the present
experiment with NSE.
Previous studies with the commercially available surfactant LS-54 showed that droplet microemulsions in CO2
can be produced with non-fluorous surfactants. A similar surfactant, an EO-BO block copolymer, is used here.
SANS experiments have shown that this is a suitable surfactant for water-in-scCO2 droplet microemulsions.
The radius of gyration, which has been determined by SANS, was ~19 Å for samples with liquid CO2 at 30°C
and decreased with increasing temperature and pressure.
The first test of the pressure cell has shown that the dynamics of such microemulsions is very fast and the NSE
experiments have to be carried out mainly with the shorty option for the sub-ns timerange.
In this experiment, the dynamics of water-in-CO2-droplets has been measured at different temperatures and
constant CO2-density, starting with liquid CO2 at 30°C. In Fig. 1, the results for different q-values (left) at
constant pressure (90 bar) and temperature (40°C) and for different temperatures (30°C, 40°C, 50°C, right) are
presented, showing the fast dynamics of the system. Increasing the temperature at constant density lead to a
faster relaxation, consistent with the SANS results that the radius of gyration shrinks with increasing
temperature. However, the diffusion constants, which could be deduced from the data seems to be much larger
than expected. Further investigations are needed to get a deeper insight in the dynamics of such droplet
microemulsions.
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Figure 1: Intermediate scattering functions of a water-in-CO2 microemulsion for different q-values at T=40°C and p=90 bar (left),
and for different temperatures at constant CO2-density (right), showing a faster dynamics for higher temperatures.
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Experimental report text body
A recent study of the tracer diffusion in polymer melts reveals, that short chains (with a length in the range
of one entanglement distance) in a very long matrix show asymptotically the reptation behavior [1].
From the fact that Dt v M-2 – as predicted in the framework of the reptation model - down to Me is
observed it is concluded that the effect of contour length fluctuations (CLF) has only little influence on the
chain diffusion.
The aim of this experiment was to investigate if Wang’s result, that the small chain is apparently subject to
a tube confinement as the long chains, is confirmed by the coherent dynamic structure factor as measured
by neutron spin echo spectroscopy or if a Rouse behavior as expected for short chains which are not
subject to a topological confinement is found.
We have chosen a mixture of about 10 % protonated 2.5 kg/mol PE in a 36 kg/mol deuterated matrix to
investigate the dynamic structure factor of the short chain with a molecular weight comparable to the
entanglement distance of PE (about 2 kg/mol). The measurements were done using neutrons with a
wavelength of 8 Å, at a temperature of 509 K, covering a range of momentum transfer from 0.050 Å-1 to
0.145 Å-1. Moreover, for q = 0.115 Å-1 measurements at three different temperatures (T = 490 K, T = 505
K and T = 520 K) have been performed to estimate the temperature dependence of the chain dynamics.
Data were corrected for resolution and background. The background was determined by measuring a fully
deuterated 36 kg/mol matrix.
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Fig. 1 shows the normalized dynamic structure factor S(q,t)/S(q,0) of the 2.5 kg/mol protonated chain in
the long matrix fitted with Rouse-model. The only free parameter is the friction coefficient. Obviously, the
dynamics of the 2.5 kg/mol PE chain cannot be described by the Rouse model.

Fig. 1: Neutron spin echo data from a sample with 10 % protonated PE chains (Mw=2.5 kg/mol) in
a deuterated matrix (Mw = 36 kg/mol). Solid lines represent a fit with the Rouse model.

Fig. 2: Same data as in Fig.1. The solid lines represent a fit to the data restricted to the short - time range
between 0 and 5 ns.
Fig. 2 shows the same data, but the fit was restricted to 0 < t < 5 ns. While in this short - time range
agreement with the Rouse model is found, the data show a significant slowing down at longer Fourier
times. This deviation from the Rouse model points to the fact that topological constraints are present even
for short chains with M | Me.
[1] Shi-Qing Wang "Chain Dynamics in Entangled Polymers: Diffusion versus Rheology and Their
Comparison" J. Polym. Sci. Part B: Polym. Phys. : 41 (2003)
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Publications
In the following section publications of the years 2000 to now resulting from experiments at the
Jülich research reactor FRJ-2 and neutron scattering instruments operated by FZ Jülich externally
are listed. The list is based on the response of the users and therefore probably not complete. A
total of 246 journal publications was reported to us, in addition to numerous invited talks,
conference presentations, reactor-related publications, and theses. We thank the experimenters for
this great support!
The number of reported journal publications showed a significant increase from about 63 in the
years 2000–2003 to 79 in the year 2004. The 23 publication reported “in print” for the first
quarter of 2005 lets expect that this number may even be surpassed in 2005. This shows how with
a certain delay the increasing user activity (especially due to the EU programme) bears fruit.
3% 1%

1%

4%
5%

Soft Matter
Magnetism

6%

Methods
Training

44%

8%

Excitations
Geology
Crystallography
Materials

8%

Reactor
Biology
Transport

9%
11%

Distribution of topics of journal publications of the years 2000–now (without theses)
The figure above represents the breakdown of the journal publication number by topics. Clearly,
soft matter research takes the largest share as it does for the experiments proposed. But also the
hard matter activities divided into the categories magnetism, excitations, geology,
crystallography, and materials make up for a considerable part of 33 %. Notable is the large
fraction of methodological and educational publications which shows the significance of the FRJ2 reactor for the development of new instruments and the training of new users.
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6th ESS- Scientific Advisory Commitee Meeting
(Bochum, Germany) (2002)

Schweika,W
Complete vector polarization analysis on multidetector time-of-flight instruments
PNCMI 2004 (Washington) (2004)

Kentzinger, E.
First Experiments on the Focusing-Mirror USANS
Diffractometer KWS-3
European Users Meeting Juelich Neutrons For Europe
(Kerkrade, NL) (2002)

2003
Ioffe, A.
Neutron Speed Echo add-on to TAS: an increase in
resolution without the use of polarized neutrons
Seminar: TU München, FRM-II, 17.11.03

Prager, M.
Status and Experience with the time-focusing thermal
TOF-spectrometer SV29 at Jülich
Paul-Scherrer-Institut (Villigen, CH) (2002)

Schwahn, D.
First Neutron Experiments with “Bonse-Hart”
Channel-Cut Crystals. Application of the USANS
Technique at the FRJ-2 in Jülich
The first Workshop on the international Consortium
of Ultra-Small-Angle-Scattering (IConUSAS) July 9.10,2003,Oak Ridge,USA

Schweika, W.
Time-of-Flight and Polarization Analysis for Diffuse
Neutron Scattering
Bad Honnef,ESS-Tage 15.-16.4.2002
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Schweika, W.
Time of Flight and Polarization Analysis for Diffuse
Neutron Scattering
Polarized Neutrons in Condensed Matter
Investigations 2002 (Jülich) (2002)

2003
Chang, L.-J., Mueller, R., Appelt, S., Häsing, F.
W., Ioffe, A., Brückel, Th.
Progress of 3He spin-exchange for neutron
polarization in Jülich
3rd European Conference on Neutron Scattering
Montpellier,France: 03.09.2003 - 06.09.2003 Poster

Conference Presentations

Ioffe, A., Monkenbusch,M, Ohl,M
Jülich progress in developments of Image Plate
Detectors and correction elements for ultra-high
resolution neutron spin-echo spectrometer
Annual TECHNI Meeting
Trieste,Italien: 08.10.2003 - 10.10.2003

2004
Conrad,H, Brückel,Th, Bussmann,K, Chang,LJ,
Ioffe,A, Küssel,E, Mueller, R; Schmitz, B
A New Thermal Neutron Spectrometer /
Diffractometer (SV-30) with Polarisation Analysis at
the Research Reactor FRJ-2
Deutsche Neutronenstreutagung (TU Dresden) Poster
(2004)

Ioffe, A., Bussmann, K., Dohmen, L., Axelrod, L.,
Gordeev, G., Brückel, Th.
LAP-ND: a new neutron depolarization setup at
FRJ-2
3rd European Conference on Neutron Scattering
Montpellier,France: 03.09.2003 - 06.09.2003 Poster

Conrad,H, Schäfer,W
A high intensity time-of-flight diffractometer for
structure, texture and phase analyses of polycrystalline matter
Deutsche Neutronenstreutagung (Dresden) Talk
(2004)

Ioffe, A.
Neutron Speed Echo add-on to TAS: an increase in
energy resolution
ICM – International Conference on Magnetism
Rom, Italy, 27.07.-01.08.03

Mattauch,S
Neutronen Einkristall-Diffraktometer (SV28) am
FRJ-2
Gemeinsamme Jahrestagung DGK+DGKK (Jena)
Talk (2004)

Ioffe, A.
Development of an Image Plate Detector in FZJ
Annual TECHNI Meeting, Coimbra, Portugal,
05.-06.05.03

Stellbrink,J, Kentzinger,E, Dohmen,L, Alefeld,B,
Rücker,U, Ioffe,A, Radulescu,A, Richter,D,
Brückel,T
KWS-3, the New Focusing-Mirror USANS
Instrument and Reflectometer at Julich
canSAS-IV (Rutherford Appleton Laboratory,
Oxfordshire, UK) Poster (2004)

Kentzinger, E., Dohmen,L, Alefeld,B, Rücker, U.,
Stellbrink,J, Ioffe, A., Richter, D., Brückel, Th..
KWS-3, Th.e new focusing-mirror small-angle
neutron scattering instrument and neutron
reflectometer at Jülich
3rd European Conference on Neutron Scattering
Montpellier,France: 03.09.2003 - 06.09.2003 Poster

Walter,JM, Jansen,E, Skowronek,R, Kirfel,A,
Froitzheim,N, Siemes,H, Köbler,U
Texture analysis and powder diffraction by neutrons:
Different applications at SV7 in Jülich
Deutsche Neutronenstreutagung (Dresden) Poster
(2004)

Kentzinger, E., Dohmen,L, Alefeld,B, Rücker, U.,
Stellbrink,J, Richter, D., Brückel, Th..
KWS-3 : the new focusing mirror USANS instrument
at Juelich
ICANS-XVI : 16th Meeting of the International
Collaboration on Advanced Neutron Sources ,
Convention Center,Neuss
Neuss: 12.05.2003 - 15.05.2003 Poster
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Massalovitch,S, Ioffe, A., Küssel,E, Brückel, Th.,
Schlapp,M, vonSeggern,H
The optimization of neutron image plate detector with
low gamma-sensitivity
ESS-Konferenz (Bonn) Poster (2002)

Massalovitch, S., Ioffe, A., Schlapp, M., von
Seggern, H., Küssel, E., Brückel, Th.
Development of low g-sensitive neutron image plate
detector at FZ Jülich (P)
3rd European Conference on Neutron Scattering
Montpellier,France: 03.09.2003 - 06.09.2003 Poster
Ohl,M, Monkenbusch,M
NSE correction devices
TECHNI Meeting
Coimbra,Portugal: 06.05.2003

Mueller,R, Chang,LJ, Appelt,St, Haesing,W,
Horriar-Esser,Ch, Ioffe, A., Brückel, Th
Progress in the production of polarised 3He in Jülich
Workshop on Polarised Neutrons in Condensed
Matter Investigations (FZJ, Jülich) Poster (2002)

Schäfer, W., Jansen, E., Kirfel, A.
Das Jülicher Texturdiffraktometer
Präsentation des Fachausschusses 'Texturen' im
Rahmen des DGM-Tages 'Buisiness meets Students',
10.7.2003, Erlangen
Talk (Erlangen, 2003)

Schäfer, W., Jansen,E, Skowronek,R, Kirfel,A
Recent examples of scientific projects using the
University of Bonn powder diffractometer SV7-a in
Jülich
Deutsche Neutronenstreutagung 2002 and The
European Spallation Source (Bonn) Poster (2002)

Schäfer, W., Kirfel,A, Phiesel,H, Skowronek,R
Construction and tests of a low-cost furnace for
neutron powder diffractometry
European Neutron Scattering Conference
2003,Montpellier,F Poster

Schweika, W.
Diffuse Neutron Scattering -- time-of-flight and
polarization analysis
ESS-Tage,15.4.2002,Bad Honnef

Schlapp,M, Hoelzel,M, Gilles,R, Ioffe,A,
Brueckel,T, vonSeggern,H, Fuess, H
Neutron image plates with low g-sensitivity for
SANS
ECNS (Montpellier, France) Poster (2003)

2001
Ioffe, A., Conrad, H., Zeiske, Th., Mueller,R,
Küssel,E, Masalovich,S, Schlapp,M, Schmitz,B,
Brückel, Th.
A New Thermal Neutron
Spectrometer/Diffractometer for Polarization
Analysis (SV30) at the research reactor FRJ-2
ICNS 2001 (München) Poster (2001)

2002
Alefeld,B, Conrad, H., Dohmen,L, Ioffe, A.,
Kentzinger, E., Küssel,E, Prager, M., Rücker, U.,
Brückel, Th.
Instrument Modernisation Program at the FRJ-2
Reactor
ESS European Conference (Bonn) Poster (2002)

Ioffe, A., Conrad, H., Zeiske, Th., Mueller,R,
Küssel,E, Masalovich,S, Schlapp,M, Schmitz,B,
Brückel, Th.
Spektrometer SV30 für Polarisationsanalyse mit
thermischen Neutronen am Forschungsreaktor FRJ-2
Deutsche Neutronenstreutagung (Jülich) Poster
(2001)

Dohmen,L, Alefeld,B, Kentzinger, E., Rücker, U.,
Stellbrink,J, Ioffe, A., Springer,T, Richter, D.,
Brückel, Th., Drochner,M, Engels,R, Kleines,H,
Suxdorf,F, Zwoll,K
A High Resolution Small Angle Scattering Instrument
and Reflectometer with Focusing Mirror (KWS3) at
Juelich
Deutsche Neutronenstreutagung & ESS Meeting
(Bonn) Poster (2002)

Kirfel,A, Schäfer, W.
Forschung mit Neutronen in den Außenstellen des
Mineralogisch-Petrologischen Instituts der
Universität Bonn in Jülich und England
BMBF-Veranstaltung Förderschwerpunkt
Kondensierte Materie (Bonn) Talk (2001)
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Rücker, U., Kentzinger, E., Bergs,W, Alefeld,B,
Brückel, Th.
The new reflectometer with polarization analysis in
Jülich
ICNS 2001 (Munich) Poster (2001)

Mueller,R, Brückel, Th., Horriar-Esser,Ch
Entwicklung einer Anlage zur Herstellung von
kernspin-polarisiertem 3He am Forschungszentrum
Jülich
Deutsche Neutronenstreutagung (FZJ, Jülich) Poster
(2001)

Schlapp,M, vonSeggern,H, Massalovitch,S, Ioffe,
A., Conrad, H., Brückel, Th.
Materials for neutron image plates with low gamma
sensitivity
ICNS-Konferenz (München) Poster (2001)

Rücker, U., Bergs,W, Alefeld,B, Kentzinger, E.,
Brückel, Th.
The new neutron reflectometer with polarization
analysis in Jülich
Deutsche Neutronenstreutagung (Jülich) Poster
(2001)
Rücker, U., Bergs,W, Kentzinger, E., Brückel, Th.
Polarization Analysis for a neutron reflectometer with
2D position sensitive detector
European Neutron Polarization Initiative (Jülich) Talk
(2001)
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Crystallography
Publications

2002

2005

Halevy,I, Salhov,S, Kimmel,G, Atzmony,U,
Pereira,LCJ, Goncalves,AP, Schäfer, W.
High-pressure studies of a ThMn12-type actinide
compound: UFe5Al7
Journal of Physics: Condensed Matter 14, 11189
(2002)

Iezzi,G, Gatta,GD, Kockelmann,W,
DellaVentura,G, Rinaldi,R, Schäfer,W, Piccinini
M, Gaillard F
Low-T neutron powder-diffraction and synchrotronradiation IR study of synthetic amphibole
Na(NaMg)Mg5Si8O22(OH)2
American Mineralogist in press, (2005)

Prager, M., Press,W, Asmussen,B, Combet,J.
Phase III of methane: crystal structure and rotational
tunneling
Applied physics A,74 (2002),S. 1360 – 1362

2004

Schäfer, W., Kirfel,A
Neutron powder diffraction study on the thermal
expansion of cuprite
Applied Physics A 74, 1010 (2002)

Kirfel,A, Zotov,N, Schäfer,W
Neutron diffraction study of KNO3 at elevated
temperatures
Physica B 350, e387-e389 (2004)

Sosnowska,I, Schäfer, W., Kockelmann,W,
Barbier,B, Andersen,KA, Troyanchuk,IO
Crystal structure and spiral magnetic ordering of
BiFeO3 doped with manganese
Applied Physics A 74, 1040 (2002)

2003
Caspary,D, Eckold,G, Elter,P, Gibhardt,H,
Güthoff,F, Demmel,F, Hoser,A, Schmidt,W,
Schweika, W.
The influence of demixing on the dynamics of ionic
solids: inelastic neutron scattering from AgxNa1-xCl
single crystals
Journal of physics: condensed matter,15 (2003),S.
6415 – 6426

2001
Kockelmann,W, Schäfer, W., Kirfel,A, Klapper,H,
Euler,H
Hydrogen positions in KCo-, CsCo-, CsNi-, and
CsCu-Tutton’s Salt type compounds determined by
neutron powder diffraction
Materials Science Forum 378-381, 274 (2001)

Le Toquin, R., Paulus, W., Cousson, A., Hernandez, O., Dhalenne, G., Revvcolevschi, A., Treutmann, W., Rheinstädter, M., Schmidt, W., Regnault, L.-P.
Structure, magnetism, and dynamics of La2CoO4+G
Proc. ECNS03, accepted for publication in Physica B

Schäfer, W., Halevy,I
Neutron powder diffraction on iron-rich rare earthiron-aluminium intermetallics RFe7Al5 (R = Tb, Dy,
Ho, Er)
Material Science Forum 378-381, 414 (2001)

Neumann,M, Press,W, Nöldeke,C, Asmussen,B,
Prager, M., Ibberson,RM
The crystal structure of methane phase III
Journal of chemical physics 119 (2003),S. 1586 –
1589

Sosnowska,I, Schäfer, W., Kockelmann,W,
Troyanchuk,IO
Neutron diffraction studies of crystal and magnetic
structure of BiMnxFe1-xO3 solid solutions
Materials Science Forum 378-381, 616 (2001)
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Straessle, T., Furrer, A., Altorfer, F., Mattenberger, K., Boehm, M., Mutka, H.
HoAs: A model compound for the cooling by the
barocaloric effect
J. Alloys and Compounds 323-324 (2001) 392-395

Invited Talks
2004
Bujak,M, Mattauch,S, Zaleski,J
Ferroelectric structure of [(CD3)2ND2]3[Sb2Cl9] at 10
K
N2M2 Neutrons and Numerical Methods 2
(Grenoble, France) (2004)

2000
Alefeld,B, Dohmen,L, Heidemann,A
GaAs as a backscattering crystal
Physica B 283, 299 (2000)

2003
Gergidis, L. N., Theodorou, D. N., Jobic, H.
Dynamics of alkane mixtures in silicalite pores
J. de Phys. IV 10 (2000) 143-146

Brückel, Th.
Wechselspiel zwischen Spin-, Ladungs- und Orbitalordnung in CMR-Manganaten
Seminar über Kristall- und Strukturchemie: RWTH
Aachen, 11.07.03

Kotsanidis,PA, Schäfer, W.
Neutron diffraction study of RPtGe2 (R = Dy, Ho)
compounds
Physica B 276-278, 576 (2000)

Schweika, W.
Diffuse Streuung
Neutronenstreuung für Kristallographen,Univ. Köln,
08.10.2003

Kümmerle,EA, Güthoff,F, Schweika, W., Heger,G
Single-crystal neutron diffraction investigations on
the phase transitions in CeO1.800 and CeO1.765
Journal of Solid State Chemistry 153, 218 (2000)

Conference Presentations

Schäfer, W., Barbier,B, Halevy,I
ThMn12-type magnetic ErFe7Al5 and non-magnetic
YFe7Al5 studied by X-ray and neutron diffraction
J. Alloys Compounds 303, 270 (2000)

2004
Hu,C, Englert,U, Mattauch,S, Heger,G
Topological Study of Coordination Polymers Based
on Halogen Bridged Octahedra
Gemeinsamme Jahrestagung DGK+DGKK 2004
(Jena) Poster (2004)

Schäfer, W., Kockelmann,W, Halevy,I, Gal,J
Structural and magnetic ordering in rare earth - iron aluminium intermetallics studied by neutron powder
diffraction
Material Science Forum 321-324, 670 (2000)

Hu,C, Englert,U, Mattauch,S, Heger,G
Hydrogen Bonds between Guanidinium and
(Hydrogen)orthophosphate by X-ray and Neutron
Methods
Gemeinsamme Jahrestagung DGK+DGKK 2004
(Jena) Poster (2004)

Schäfer, W., Kockelmann,W, Kirfel,A, Potzel,W,
Burghart,FJ, Kalvius,GM, Martin,A,
Kaczmarek,WA, Campbell,SJ
Structural and magnetic variations of ZnFe2O4 spinels
- neutron powder diffraction studies
Material Science Forum 312, 802 (2000)

Mattauch,S
Single Crystal Diffraction Analysis on
[ND2(CD3)2]3Sb2Cl9 (D-DMACA) in its Low
Temperature Phase
11th International Seminar on Neutron Scattering
Investigation in Condensed Matter (Poznan, Polen)
Talk (2004)

Sosnowska,I, Schäfer, W., Troyanchuk,IO
Investigations of crystal and magnetic structure of
BiMn0.2Fe0.8O3
Physica B 276-278, 576 (2000)

394

Mattauch,S, Bujak,M, Zaleski,J
Single crystal diffraction analysis on
[ND2(CD3)2]3[Sb2Cl9] (D-DMACA) in its low
temperature phase.
Deutsche Neutronenstreutagung 2004 (Dresden)
Poster (2004)

2001
Bieniok,A, Bertoldi,C, Schäfer, W., Heger,G,
Amthauer,G
Strukturelle Untersuchungen an einem natürlichen
Chamosit
79. Jahrestagung der Deutschen Mineralogischen
Gesellschaft (Potsdam) Poster (2001)

2003

Sauerwald,F, Wacker,K, Buck,P, Schäfer, W.
Neutronenbeugungsuntersuchungen (Rietveld) an
Spinellmischkristallen MnFe2O4+G
9. Jahrestagung der Deutschen Gesellschaft für
Kristallographie (Bayreuth) Talk (2001)

Holderna-Natkaniec,K, Ibberson,R M,
Natkaniec,I, Prager, M.
Neutron-diffraction study of solid phases of 1,3,5trimethylbenzene-d12
European Neutron Scattering Conference
2003,Montpellier,F Poster

Schäfer, W., Kirfel,A
Neutron powder diffraction study on the thermal
expansion of cuprite
ICNS 2001 (Munich) Poster (2001)

Kirfel,A, Zotov,N, Schäfer, W.
Elevated temperature neutron diffraction study of the
phase transitions in KNO3
European Neutron Scattering Conference
2003,Montpellier,F Poster

Schweika, W., Shramchenko,N, Caudron,R,
Bellissent,R, Widom,M
Phason disorder in icosahedral AlPdMn quasicrystals
Deutsche Neutronenstreutagung (Jülich) Poster
(2001)

Schäfer, W., Buschow, K. H. J.
Neutron diffraction on binary and pseudobinary
RMg3 intermetallics (R = La, Ce, Pr, Nd)
11. Jahrestagung der Deutschen Gesellschaft für
Kristallographie, 10.-13.3.2003, Berlin, Poster
(Berlin, 2003)

Schweika, W., Shramchenko,N, Caudron,R,
Bellissent,R, Widom,M
Phason disorder in icosahedral AlPdMn quasicrystals
International Conference on Neutron Scattering
(München) Poster (2001)

2002
Schäfer, W., Kirfel,A
Neutronenbeugung zum thermischen Verhalten von
Cuprit
10. Jahrestagung der Deutschen Gesellschaft für
Kristallographie (Kiel) Poster (2002)
Schäfer, W., Kirfel,A
On the unusual negative thermal expansion of cuprite
Deutsche Neutronenstreutagung 2002 and The
European Spallation Source (Bonn) Poster (2002)
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Excitations
Hense,K, Gratz,E, Nowotny,H, Loewenhaupt,M,
Hoser,A
Crystal electric field-phonon interaction in NdCu2
J. Magn. Magn. Mater. 272-276, 368 (2004)

Publications
2005
Hermann,RP, Grandjean,F, Long,GJ
Einstein oscillators that impede thermal transport
Am. J. Phys. 73, 110-118 (2005)

Kirstein,O, Prager,M
The lattice dynamics of the methyl halides described
by pair potentials based on universal force fields
Journal of Chemical Physics 120, 5199 (2004)

Prager,M, Baumert,J, Press,W, Plazanet,M,
Tse,JS, Klug,DD
Adsorption sites and rotational tunneling of methyl
groups in cubic I methyl fluoride water clathrate
Phys. Chem. Chem. Phys. 7, 1228 (2005)

Prager,M, Pieper,J, Buchsteiner,A, Desmedt,A
Probing adsorption sites in a cubic II water clathrate
cage by methyl group rotation of CH3I guest
molecules
J. Phys.: Condens. Matter 16, 7045 (2004)
Prager,M, Pieper,J, Buchsteiner,A, Desmedt,A
Methyl rotational potentials as a probe of the cage
potential surface in methyl iodide clathrate
Physica B 350, e399 (2004)

2004
Conrad,H, Kuhs,WF, Nuenighoff,K, Pohl,C,
Prager,M, Schweika,W
Inelastic scattering and spectral measurements of
advanced cold neutron moderator media
Physica B 340, e647 (2004)

2003

Eckold,G, Caspary,D, Elter,P, Güthoff,F, Hoser,A,
Schmidt,W
Time-resolved phonons as a microscopic probe for
demixing processes
Physica B 350, 83 (2004)

Caspary,D, Eckold,G, Elter,P
The influence of demixing on the dynamics of ionic
solids: inelastic neutron scattering from AgxNa1-x Cl
single crystals
J. Phys. Cond. Mat 15, 6415 (2003)

Eckold,G, Caspary,D, Gibhardt,H, Schmidt,W,
Hoser,A
Kinetics of Decomposition in Ionic Solids III: Timeevolution of phonon spectra during spinodal
decomposition in AgCl-NaCl
J. Phys.: Condens.Matter 16, 5945 (2004)

Conrad, H., Kuhs, W. F., Nünighoff, K., Pohl, C.,
Prager, M.
Inelastic neutron scattering and spectral
measurements of advanced cold moderator materials
Proceedings of the 16th Meeting of the International
Collaboration on Advanced Neutron Sources (2003),
921 - 929

Hauer,B, Hempelmann,R, Udovic,TJ, Rush,JJ,
Kockelmann,W, Schäfer,W, Jansen,E, Richter,D
Neutron scattering studies on vibrational excitations
and the structure of ordered niobium hydrides
J. Phys. Cond. Mat. 16, 5205 (2004)

Hermann,R P, Jin,R, Schweika, W., Grandjean,F,
Mandrus,D, Sales,B C,
Long,GJ
Einstein oscillators in thallium filled antimony
skutterudites
Phys. Rev. Lett. 90(13) (2003) 135505
see also: Go-go Atoms give Heat the Shake (Arian
Cho) Physical Review Focus,3 April 2003
and: Skittery Skutterudites
Nature Materials 2 (2003) 290

Hense,K, Gratz,E, Nowotny,H, Hoser,A
Lattice dynamics and the interaction with the crystal
electric field in NdCu2
J. Phys. Cond. Mat. 16, 5751 (2004)
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Prager, M., Grimm,H, Desmedt,A, Lechner,RE
Methyl rotational potentials of trimethyl metal compounds studied by inelastic and quasielastic neutron
scattering
Chemical physics 292 (2003),S. 161 - 169

Eckold,G
Kinetics of decomposition in ionic solids: neutron
scattering study of the system AgBr-NaBr
Journal of Physics-Condensed Matter 13 (2), 217-240
(2001)

2002

Kirstein,O, Prager, M., Combet,J, Johnson,MR
Ammonia group rotation in Zn(NH3)4I2
Molecular Physics Report 31, 47 (2001)

Elter,P, Eckold,G, Caspary,D, Güthoff,F, Hoser,A
Time-evolution of phonon spectra during
decomposition in AgxNa1-xBr ionic crystals
Appl. Phys. A 74 [Suppl 1], 1169-1171 (2002)

Köbler, U., Hoser,A, Englich,J, Snezhko,A,
Kawakami,M, Beyss,M, Fischer, K
On the failure of the Bloch-Kubo-Dyson spin wave
theory
Phys. Soc. Jpn. 70 (10), 3089-3097 (2001)

Hoelzel,M, Danilkin,SA, Hoser,A, Ehrenberg,H,
Wieder,T, Fuess,H
Phonon dispersion in austenitic stainless steel
Fe18Cr12Ni2Mo
Appl. Phys. A 74 [Suppl 1], 1013-1015 (2002)

Köbler, U., Hoser,A, Kawakami,M, Abens,S
Observation of a spin wave exponent of 5/2 in the
uniaxial antiferromagnet MnF2
Physica B 307 (1-4), 175-183 (2001)

Prager, M., Grimm,H, Parker,SF, Lechner,R,
Desmedt,A, McGrady,S, Koglin,E
Methyl group rotation in trimethyl aluminum
J.Phys.: Cond. Matter 14, 1833 (2002)

2000
Gibhardt,H, Eckold,G, Güthoff,F
Kinetics of the stress induced phase transitions in
quartz by real-time neutron scattering
Physica B 276-278, 240-241 (2000)

Prager, M., Schiebel,P, Combet,J
Rotational tunnelling and disorder in 4-iodo-toluene
Chem. Phys. 276, 69 (2002)

Lee,SA, Grimm,H, Pohle,W, Scheiding,W,
vanDamm,L, Song,Z, Levitt, M H, Korolev, N,
Szabo, A, Rupprecht, A
NaDNA-bipyridil-(ethylenediamine)platinum(II)
complex: Structure in oriented wet-spin films and
fibers
Physical Review E 62 (5), 7044-7058 (2000)

Prager, M., Schiebel,P, Grimm,H
Dipolar interaction in (NH3.6D0.4)2PtCl6
Appl. Phys. A 74 [Suppl.], 1363 (2002)

Prager, M., Schiebel,P, Grimm,H
Rotational Tunelling of NH4 and NH3D and dipolar
interaction in (NH3.6D0.4)2PtCl6
J. Chem. Phys. 116, 10338 (2002)

Prager, M., Grimm,H, Parker,SF, McGrady,S
Rotational potentials of bridging and terminal methyl
groups in trimethylaluminum dimers
Physica B 276-278, 250 (2000)

Schweika, W., Maleyev,SV, Brückel, Th.,
Plakhty,VP, Regnault,L-P
Longitudinal spin fluctuations in the antiferromganet
MnF2 studied by polarized neutron scattering
Europhys. Lett. 60, 446 (2002)

Invited Talks
2003

2001

Prager, M.
Methyl rotational dynamics as probe of the water
shell in methyl iodide clathrate
Janik's friends meeting 18 July
2003,Zakopane,Poland

Danilkin,SA, Fuess,H, Wieder,T, Hoser,A
Phonon dispersion and elastic constants in Fe-Cr-MnNi austenitic steel
Journal of Materials Science 36 (4), 811-814 (2001)
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Danilkin S.,Hoser A.,Schweika W.,Fuess H
Diffuse scattering and phonons in Cu2-xSe
European Conference on Neutron
Scattering,Montpellier,3.-6.9.2003 (2003) Poster

2002
Prager, M.
Rotational potentials studied by spectroscopy and
relaxation
6th International Conference on Quasielastic Neutron
Scattering (Potsdam) (2002)

Eckold,G, Caspary,D, Elter,P, Güthoff,F, Hoser,A,
Schmidt,W
Time-Resolved Phonons as a Microscopic Probe for
Demixing Processes
European Conference on Neutron Scattering,
Montpellier,3.-6.9.2003 (2003) Poster

2001
Prager, M.
Rotational tunnelling: from simple to complex
systems
HMI (Berlin) (2001)

Hermann,RP, Schweika, W., Jin,R, Grandjean,F,
Mandrus,D, Sales,BC, Long,GJ
Einstein Oscillator in Thallium Filled Antimony
Skutterudites: Neutron Spectroscopy of Phonons in a
Thermoelectric Material
DPG-Frühjahrstagung, Dresden, 24.-28.03.03

Prager, M., Schiebel,P, Combet,J
Rotational tunnelling and disorder of 4-iodo-toluene
Quantum Atomic and Molecular Tunnelling 2001
(Nottingham UK) (2001)

Hermann,RP, Long,GJ, Grandjean,F, Alp,EE,
Sturhahn,W, Johnson,CE, Leupold O, Rüffer,R,
Schweika,W
An Inelastic Nuclear Resonant and Inelastic Neutron
Scattering Study of the Einstein Oscillators in Some
Filled Antimony Skutterudites
International Conference on the Application of the
Mössbauer Effect (Muscat, Sultanate of Oman) Talk
(2003)

Conference Presentations
2004
Hermann,RP, Grandjean,F, Bonville,P, Grimm,H,
Schweika,W, Nolas,GS, Long, GJ
A neutron scattering study of the guest dynamics in
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Session: Energy Harvesting: Materials & Phenomena,
March Meeting of the APS (Montréal, 2004)

Meinnel, J., Grimm, H., Hernandez, O., Jansen, E.
Assignment of the three methyl tunneling lines in a
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3rdEuropean Conf. on Neutron Scattering, ECNS2003, 03.-06.9.2003, Montpellier, France, Poster
(Montpellier, 2003)

Hermann,RP, Grandjean,F, Bonville,P, Grimm,H,
Schweika,W, Nolas,GS, Beekman,M, Long,GJ
Guest Tunnelling and Hopping in the Multiple Well
Potential of Filled Clathrates
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Conrad, H., Kuhs,W, Nünighoff,K, Prager, M.,
Schweika, W.
Inelastic neutron scattering from CH4-clathrate, Th.Fclathrate and ice
ICANS-XVI : 16th Meeting of the International
Collaboration on Advanced Neutron Sources ,
Convention Center,Neuss
Neuss: 12.05.2003 - 15.05.2003 (Poster)

Caspary,D, Elter,P, Eckold,G, Schmidt,W
Time-evolution of phonon spectra during
decomposition in ionic crystals
ESS Conference (Bonn) Poster (2002)
Danilkin,S, Skomorohov,A, Hoser,A, Fuess,H,
Bickulova,NN, Rajevac,V
Lattice dynamics of superionic conductor Cu2-GSe
ESS Conference (Bonn) Poster (2002)

398

Elter,P, Eckold,G, Caspary,D, Güthoff,F, Hoser,A
Time-evolution of phonon spectra during
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ICNS Conference (München) Poster (2001)

Danilkin,SA, Skomorokhov,AN, Rajevac,V,
Fuess,H, Hoser,A, Bickulova,NN
Crystal structure and lattice dynamics of superionic
conductor Cu2-xSe
5th International Conference Solid State Chemistry
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Hense, K., Gratz,E, Nowotny,H, Hoser,A,
Güthoff,F
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Deutsche Neutronenstreutagung (Jülich) Poster
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Hense, K., Gratz,E, Lindbaum,A, Nowotny,H,
Hoser,A, Güthoff,F, Klenke, J
Lattice Dynamics in YCu2
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Hoelzel,M, Danilkin,SA, Hoser,A, Ehrenberg,H,
Wieder,T, Fuess,H
Phonon dispersion in austenitic stainless steel
Fe18Cr12Ni2Mo
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Caspary,D, Elter,P, Eckold,G
Zeitaufgelöste Phononen während der Entmischung
in den Ionenkrsitallsystemen AgBr-NaBr und AgClNaCl
Deutsche Neutronenstreutagung (Jülich) Poster
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Hölzel,M, Danilkin,S, Hoser,A, Wieder,T, Fuess,H
Phonon dispersion in nitrogen doped austenitic steels
Deutsche Neutronenstreutagung (Jülich) Poster
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Universal temperature dependence of the magnetic
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Tb2CuIn3
Mat. Sci. Forum 443-444, 391 (2004)
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Gruenberg,P
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reflectivity and off-specular scattering from evolving
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Andrzejewski,B, Hoser,A, Szlaferek,A
Magnetic properties of TbNi4Al and DyNi4Al
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Bedanta,S, Chen,X, Sahoo,S, Kleemann,W,
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Th.
Direct observation of the interlayer exchange
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Kravtsov,E, Nefedov,A, Radu,F, Remhof,A,
Zabel,H, Brucas,R, Hjorvarsson,B, Hoser,A,
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Proximity effect of vanadium on spin-density-wave
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Kalvius,GM, Noakes,DR, Wäppling,R, Grosse,G,
Schäfer, W., Kockelmann,W, Yakinthos,JK,
Kotsanidis,PA
Spin dynamics and spin order in frustrated
TbCoxNi1-xC2
Physica B 326, 465 (2003)
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Kalvius,GM, Wagner,FE, Noakes,DR, Schreier,E,
Wäppling,R, Zimmermann,U, Schäfer,W,
Kockelmann,W ,Halevy,I ,Gal,J
Magnetic behaviour of YFexAl12-x
Physica B 326, 460 (2003)

2002
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Kentzinger, E., Rücker, U., Toperverg, B.,
Brueckel, Th.
Determination of the magnetic fluctuations in an
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The impact of fourth-order exchange interactions on
the thermal variation of the order parameter
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Köbler, U., Englich, J., Hupe, O., Hesse, J.
Effective spin quantum numbers in Fe, Co and Ni
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Layer-by-Layer magnetometry on polarizing
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Schriften des Forschungszentrums Jülich,Reihe
Materie und Material 12
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Loewenhaupt,M, Schäfer, W., Niazi,A,
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Evidence for the coexistence of low-dimensional
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Schweika, W, Maleyev,S V, Brückel, Th.,
Plakhty,V P, Regnault,L P
Longitudinal spin fluctuations in the antiferromagnet
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Voigt, J., Kentzinger, E., Rücker, U., Hupfeld, D.,
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Interlayer coupling in [Er|Tb] superlattices
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Neutron diffraction,magnetic,and transport studies of
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Voigt, J., Rücker, U., Nerger,S, Kentzinger, E.,
Hupfeld,D, Schmidt,W, Brückel, Th.
Structural and magnetic properties of [Er/Tb]
superlattices
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Magnetic Properties of Laterally Structured Fe/Cr
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W., Arons,RR
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Grosse,G, Noakes,DP, Schäfer, W.,
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Neutron and X-ray scattering from exchange biased
multilayers
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KTH (Stockholm) (2004)

Kalvius,GM, Noakes,DR, Grosse,G, Schäfer, W.,
Kockelmann,W, Fredo,S, Halevy,I, Gal,J
Magnets frustrated by competing exchange (TbFe6Al6
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Nano-layered magnetic structures
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Kentzinger, E., Rücker, U., Caliebe, W., Goerigk,
G., Werges, F., Nerger, S., Voigt, J., Schmidt, W.,
Alefeld, B., Fermon, C., Brückel, Th.
Structural and magnetic characterization of Fe/G-Mn
thin films
Physica B 276-278 (2000) 586

Paul,A
Neutron scattering from exchange bias multilayers
Department of Physics and Astronomy, Katholik
University (Leuven, Belgium) (2004)

Potzel,W, Schäfer, W., Kalvius,GM
Nanocrystalline oxide Zinc materials studied by the
Mössbauer effect, µSR and neutron diffraction
Hyperfine Interactions 130, 241 (2000)

Paul,A, Kentzinger,E, Ruecker,U
Polarized neutron reflectivity and off-specular
scattering showing sequential and symmetric
magnetization reversal from exchange-biased
multilayers
Deutsche Neutronenstreutagung (Dresden) (2004)
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Toperverg, B.
Diffuse neutron scattering on multilayers
XXXVI PNPI Winter School Condensed State
Physics (Gatchina (RU)) (2002)

Theis-Bröhl,K, Westphalen,A, Wolff,M, Zabel,H,
Rücker,U, Schmalhorst,J, Rott,K, Brückl,H,
Toperverg,B
Laterale Strukturen mit antiparalleler Ausrichtung
Deutsche Neutronenstreutagung (Dresden) (2004)

Toperverg, B.
Lateral magnetic patterns in thin films and layered
superstructures: polarized neutron off-specular
scattering
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Brückel, Th.
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nanostructures
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Toperverg, B.
Neutron scattering at grazing incidence
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Neutron scattering at grazing incidence
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Kentzinger, E.
Depth-resolved investigations of lateral correlations
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Toperverg, B.
Supermatrix formalism to model off-specular neutron
scattering
The 7th International Conference on Surface X-Ray
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Köbler U.,Hoser A.
A new concept in magnetism
International Conference on Magnetism,27.7.-1.8.,
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Toperverg, B.
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Workshop Neutron Reflection: Progress in the Study
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Schweika, W.
Phasonenunordnung in Al-Pd-Mn Quasikristallen
Institut für Kristallographie,RWTH Aachen
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Toperverg, B.
Theoretical interpretation of off-specular polarized
neutron scattering from nanocomposite films
International Workshop on Nanocomposites:
Materials, Neutrons and Data Interpretation
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The Colorful Palette of Magnetism: Resonant
Magnetic X-Ray Scattering
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scattering
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Legierungen: Festkörperforschung am IFF
HGF-Workshop Kondensierte Materie (FZJ, Jülich)
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Ziegenhagen, N., Rücker, U., Kentzinger, E.,
Toperverg, B., Brückel, Th., Lehmann,R, van der
Hart,A
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Polarized Neutrons for Condensed Matter
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Lauter,HJ, Lauter-Pasyuk,V, Toperverg, B.,
Rücker, U., Romashev,L, Milyaev,M, Ustinov,V
Spin-flop transition in Fe / Cr multilayers
Polarized Neutrons in Condensed Matter
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Chang,LJ, Schäfer,W, Jansen,E, Prager,M,
Emmanuelle,S, Monkenbusch,M, Schweika,W,
Perßon,J, Brückel,Th
Neutron scattering studies on pyrochlore Ho2Ru2O7
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Kentzinger, E.
Reflectivity and off-specular scattering of neutrons
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Grazing Incidence Scattering with Polarized
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Kentzinger,E, Rücker,U, Toperverg,B, Ott,F,
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Layer-by-layer Investigation of the Magnetic
Fluctuations in Polarizing Supermirrors
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Toperverg, B.
Off-specular polarized neutron scattering from
magnetic fluctuations in thin films and multilayers
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Layer-by-layer investigation of the magnetisation
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Polarized Neutron Off-specular Scattering from
Magnetic Fluctuations in Films and Multilayers
NIST Seminar (Gaithersburg) (2001)

Kravtsov,E, Brucas,R, Hjorvarsson,B, Hoser,A,
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Proximity effect of vanadium on spin-density waves
in Cr films
Deutsche Neutronenstreutagung (Dresden) Poster
(2004)

2000
Brückel, Th.
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5 International Symposium on Metallic Multilayers
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Cardoso,S, Freitas,PP
Polarized Neutron Reflectivity Studies on
Discontinuous Metal Insulator Multilayers
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Köbler,U, Hoser,A
Long range magnetic order in three dimensions, a
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Köbler,U, Hoser,A, Schäfer,W, Stüßer,N
Universal magnetic behaviour for T->0 and T-> Tc
Deutsche Neutronenstreutagung (Dresden) Poster
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Paul,A, Kentzinger,E, Ruecker,U
Polarized neutron reflectivity and off-specular
scattering in quantifying evolving domain structure of
polycrystalline Co/Cu multilayers
Deutsche Neutronenstreutagung (Dresden) Talk
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Lauter,H.,Lauter-Pasyuk,V, Toperverg, B.,
Rücker, U., Milyaev,M, Romashev,L,
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Paul,A, Kentzinger,E, Rücker,U, Bürgler,DE,
Grünberg,P
Measurement and Simulation of Polarized neutron
Reflectivity and off-specular scattering from evolving
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Rücker, U., Feygenson,M, Toperverg, B.,
Kentzinger, E., Dalgliesh,R, Brückel, Th.
Neutron quantum well states used to increase the
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Schäfer, W., Buschow, K. H. J.
Structure and ferromagnetic order of Er5Mg24 and
Tm5Mg24
11. Jahrestagung der Deutschen Gesellschaft für
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Paul,A, Kentzinger,E, Rücker,U, Bürgler,DE,
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Polarized neutron scattering of exchange-biased
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321. WE-Heraeus-Seminar (Bad Honnef) Poster
(2004)

Schweika, W., Maleyev,S V, Brückel, Th.,
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Longitudinal spin fluctuations in the antiferromagnet
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Ziegenhagen, N., Rücker, U., Kentzinger, E.,
Lehmann,R, van der Hart,A,
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Köbler, U., Hoser, A., Bos, J., Schäfer, W.
Why does the spin wave theory fail?
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Toperverg, B., Lehmann, R., van der Hart, A.,
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Determination of the Magnetic Properties of a
Laterally Structured Fe/Cr multilayer
ECNS 2003 (Montpellier),3.-6. 9. 2003

Köbler, U., Hoser, A., Schäfer, W.
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3rd European Conf. on Neutron Scattering, ECNS2003, 03.-06.9.2003, Montpellier, France
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Rücker, U., Toperverg, B., Kentzinger, E.,
Brückel, Th.
Resonant states in a ferromagnetic quantum well for
neutrons
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Spin dynamics and spin disorder in frustrated
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Neutron diffraction on intermetallic Er5Mg24 and
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Magnetic behavior of YFexAl12-x
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Coexistence of spin glass states in the
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Determination of the magnetic fluctuations in an
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scattering study of the bicontinuous microemulsion.
Jülich Soft Matter Days 2001 (Kerkrade) Poster
(2001)

Monkenbusch,M, Mihailescu,M, Allgaier,J,
Richter, D., Jakobs,B, Sottmann,T, Yang BS,
Prud‘homme RK, Lal J
Neutron Spin Echo Study on the Modification of
Surfactant Membrane Properties Due to Polymer
Addition
American Conference on Neutron Scattering ACNS
23-27.6. 2002 (Knoxville) Talk (2002)

Byelov,D, Frielinghaus,H, Endo,H, Allgaier,J,
Richter, D.
Polymer anti boosting. A small angle neutron
scattering study of the bicontinuous microemulsion
Int. Summerschool Fundamental Problems in
Statistical Physics X (Odenthal-Altenberg) Poster
(2001)

Niu,A, Stellbrink,J, Allgaier,J, Willner,L, Richter,
D., Fetters,LJ
Real-time SANS and 1H-NMR studies during
”living” anionic polymerisation of Butadiene in
hydrocarbon media
ESS European Conference (Bonn, Germany) Poster
(2002)

Frielinghaus,H, Endo,H, Allgaier,J, Richter, D.,
Jakobs,B, Sottmann,T, Strey R
Polymer boosting effect in der Tröpfchenphase - eine
Studie mit Neutronenkleinwinkelstreuung
Würzburger Tagung Fortschritte für Wasch- und
Reinigungsmittel (Würzburg) Poster (2001)

Niu,A, Stellbrink,J, Allgaier,J, Willner,L, Richter,
D., Fetters,LJ
Real-time SANS and 1H-NMR studies during
”living” anionic polymerisation of Butadiene in
hydrocarbon media
Soft Matter Days 2002 (Kerkrade, Holland) Poster
(2002)

Frielinghaus,H, Byelov,D, Allgaier,J, Richter, D.,
Jakobs,B, Sottmann,T, Strey,R
Polymer boosting effect in the droplet phase studied
by small-angle neutron scattering
International Conference on Neutron Scattering 2001,
München, 11.09.2001 (Poster)

Radulescu,A, Schwahn, D., Richter, D., Fetters,LJ
Co-crystallization of poly(ethylene-butene)
copolymers and paraffin molecules in decane studied
with SANS
Small Angle Scattering Conference SAS2002
(Venice, Italy) Poster (2002)

Heinrich,M, Pyckhout-Hintzen,W, Richter, D.,
Straube,E, Wiedenmann,A
Relaxation of entangled model H-shaped polymers: a
SANS investigation
ICNS 2001 (München) Poster (2001)

Rathgeber,S, Pakula,T, Wilk,A, Matyjaszewski,K
Regular branched Macromolecules: Structure of
Bottlebrush Polymers in Solution
XII International Conference on Small-Angle
Scattering (Venice, Italy) Talk (2002)

Heinrich,M, Pyckhout-Hintzen,W, Richter, D.,
Straube,E, Wiedenmann,A
SANS investigations of relaxation dynamics of
entangled model H-polymers
Deutsche Neutronenstreutagung 2001 (Jülich (D))
Poster (2001)

429

Kahle,S, Willner,L, Monkenbusch,M, Richter, D.,
Arbe,A, Colmenero,J, Frick,B
Dynamic Neutron Scattering on Partially Deuterated
Polybutadiene
International Conference on Neutron Scattering
(Muenchen) Poster (2001)

Monkenbusch,M, Mihailescu,M, Allgaier,J,
Richter, D., Jakobs,B, Sottmann,T
Interface Dynamics in Bicontinuous Microemulsions
Investigated by Neutron Spin Echo Spectroscopy
ACS Conference COLLOIDS2001 (Pittsburgh) Talk
(2001)

Kahle,S, Willner,L, Monkenbusch,M, Richter, D.,
Arbe,A, Colmenero,J, Frick,B
Dynamic Neutron Scattering on Partially Deuterated
Polybutadiene
ILL Millennium Symposium (Grenoble) Poster
(2001)

Schmidt, W., Ohl, M., Buchenau, U., Koza, M.
Inelastic Neutron Scattering in Amorphous Systems
at Low Momentum Transfer
Deutsche Neutronenstreutagung, Jülich (2001)
Schwahn, D.
Phase Behaviour of Binary Polybutadiene Copolymer
Mixtures as an Example of Weakly Interacting
Polymers
Jülich Soft Matter Days (Kerkrade (NL)) Talk (2001)

Kahle,S, Willner,L, Monkenbusch,M, Richter, D.,
Arbe,A, Colmenero,J, Frick,B
Dynamische Neutronenstreuung an partiell
deuteriertem Polybutadien
Deutsche Neutronenstreutagung (Juelich) Poster
(2001)

Schwahn, D.
Phase Behaviour of Binary Polybutadiene Copolymer
Mixtures as an Example of Weakly Interacting
Polymers
ICNS 2001 (Munich) Talk (2001)

Melnichenko,YB, Wignall,GD, Schwahn, D.
Universal aspects of macromolecules in polymer
blends, solutions, and supercritical mixtures, and
implications for the validity of the RPA
222nd ACS National Meeting (Chicago, Illinois,
USA) Talk (2001)

Schwahn, D.
Phase Behaviour of weakly interacting binary
Polybutadiene Copolymer mixtures with different
Vinyl Content
222nd ACS National Meeting (Chicago) Talk (2001)

Mihailescu,M, Allgaier,J, Monkenbusch,M,
Richter, D.
Dynamics of bicontinuous phase microemulsions
with amphiphilic block-copolymer
Deutsche Neutronenstreutagung (Jülich) Poster
(2001)

Wischnewski,A, Willner,L, Monkenbusch,M,
Richter, D., Farago,B, Ehlers,G, Schleger,P
Constraints of motion in polymer melts: coherent and
incoherent scattering analyzed by NSE
ICNS (Munich, Germany) Talk (2001)

Mihailescu,M, Allgaier,J, Monkenbusch,M,
Richter, D.
Structural and dynamical investigation of mixed
amphiphilic membranes. A combined SANS-NSE
study
ICNS (Munich) Poster (2001)
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Transport Processes
Publications
2002

2000

Skripov,AV, Soloninin,AV, Sibirtsev,DS,
Buzlukov,AL, Stepanov,AP, Balbach,JJ, Conradi
M S, Barnes R G, Hempelmann R
45
Sc NMR and high-resolution quasielastic neutron
scattering studies of localized H(D) motion in alphaScHx(Dx)
Phys. Rev. B 66, 054306 (2002)

Skripov,AV, Combet,J, Grimm,H,
Hempelmann,R, Kozhanov,VN
Quasielastic neutron scattering study of H motion in
the hydrogen-stabilized C15-type phases HfTi2Hx and
ZrTi2Hx
J. Phys.: Condens. Matter 12, 3313 (2000)

2001
Dzheparov,F, Gul'ko,A, Heitjans,P, L'vov,D,
Schirmer,A, Shestopal,V, Stepanov
Spin dynamics and beta-NMR after polarized
neutrons capture
Physica B 297, 288-292 (2001)

431

Biology
Publications

Invited Talks

2005

2003
Grimm,H
Structure and external modes of DNA in wet-spun
film
10th Int. Seminar on 'Neutron Scattering Investigation
in Condensed Matter'
Poznan/Poland: 08.05.2003 - 10.05.2003

DiCola,E, Waigh,TA, Trinick,J, Tskhorebova,L,
Houmeida,A, Pyckhout-Hintzen,W, Dewhurst C
Persistence Length of Titin from Rabbit Skeletal
Muscles Measured with Scattering and
Microrheology Techniques
Biophysical Journal accepted (2005)
Lebedev,DV, Filatov,MV, Kuklin,AI,
Islamov,AKh, Kentzinger,E, Pantina,R, BP
Toperverg, VV Isaev-Ivanov
Fractal nature of chromatin organization in interphase
chicken erythrocyte nuclei: DNA structure exhibits
biphasic fractal properties
FEBS Letters 579, 1465-1468 (2005)

2002
Schwahn, D.
Grundlagen der Neutronenbeugung im
Kleinwinkelbereich
Workshop Grundlegende Aspekte der
Biomineralisation (Bochum) (2002)

2002

Conference Presentations

Grimm,H, Sokolov,AP, Dianoux,AJ
Relaxation dynamics in dry and humid DNA
Applied Physics A 74, S1248 (2002)

2002

Sokolov,AP, Grimm,H, Kisliuk,A, Dianoux,AJ
Slow Relaxation Process in DNA
J.Biological Physics 27, 313 (2002)

Schwahn, D.
Nucleation and Growth of CaCO3 Minerals on
Biomimetic Templates studied by SANS
XII International Conference on Small-Angle
Scattering (Venice) Talk (2002)
Schwahn, D.
Untersuchungen zur Keimbildung und dem
Kristallwachstum von CaCO3 in wäßriger Lösung an
biomimetisch strukturierten Grenzflächen
1. Bereichskolloquium Prinzipien der
Biomineralisation (Bonn-Röttgen) Talk (2002)

2001
Sokolov,AP, Grimm,H, Kisliuk,A, Dianoux,AJ
Slow relaxation process in DNA at different levels of
hydration
J. Biol. Phys. 27, 313 (2001)

2000
Winter,R, Czeslik,C
Pressure effects on the structure of lyotropic lipid
mesophases and model biomembrane systems
Zeitschrift für Kristallographie 215, 454-474 (2000)

432

Geology, Archaeology
Siemes,H, Klingenberg,B, Rybacki,E,
Naumann,M, Schäfer,W, Kunze,K
Glide Systems of Hematite Single Crystals in
Deformation Experiments
Applied Mineralogy: Developments in Science and
Technology 2, 947 (2004)

Publications
2005
Pleuger,J, Froitzheim,N, Jansen,E
Folded continental and oceanic nappes on the
southern side of Monte Rosa (Western Alps, Italy):
Anatomy of a double collision suture
Tectonics submitted (2005)

2003
Kockelmann,W, Kirfel,A, Jansen,E, Traum,R,
Linke, R, Schreiner,M
Zerstörungsfreie Charakterisierung von Münzen
mittels Neutronenbeugung
in Archäometrie und Denkmalpflege 2003 Kurzberichte 2003 (ed. O. Hahn,Ch. Goedicke,R.
Fuchs,I. Horn) S. 82-84

2004
Iezzi,G, Gatta,GD, Kockelmann,W, Della
Ventura,G, Rinaldi,R, Schäfer,W, Gaillard,F
A P21/m amphibole at low temperature (8 K): a
neutron powder diffraction study
Proc. 32nd International Geological Congress (2004)

Linke,R, Kockelmann,W, Jansen,E, Kirfel,A,
Schreiner,M, Traum,R, Denk,R
Neutron diffraction for non-destructive texture
analysis of minted and cast “Taler“ coins
Symposium Proceedings on „Numismatics &
Technology: questions and answers“
Wien,25-26 April 2003,(2003) 113-123

Jansen,E, Schäfer,W, Kirfel,A
On the increasing use of the Jülich texture
diffractometer for geological projects
Physica B 350, e569 (2004)
Jansen,E, Schäfer,W, Kirfel,A
On the increasing use of the Jülich texture
diffractometer for geological projects
Physica B 350, e569 (2004)

Pleuger,J, Hundenborn,R, Kremer,K, Babinka,S,
Jansen,E, Froitzheim,N
Structural evolution of the Adula nappe, Misox zone,
and Tambo nappe in the San Bernardino area:
Constraints for the exhumation of the Adula eclogites
Mitt. Österr. Geol. Ges. 94, 99 (2003)

Kahle,A, Winkler,B, Radulescu,A, Schreuer,J
Small-angle neutron scattering study of volcanic
rocks
European Journal of Mineralogy 16 (2004), 407

Siemes,H, Klingenberg,B, Rybacki,E,
Naumann,M, Schäfer, W., Jansen,E, Rosière,CA
Texture, microstructure, and strength of hematite ores
experimentally deformed in the temperature range
600° to 1100°C and at strain rates between 10-4 and
10-6 s-1
J. Structural Geology 25, 1371 (2003)

Kurz,W, Jansen,E, Hundenborn,R, Pleuger,J,
Unzog,W
Microstructures and preferred orientations of
omphacite in Alpine eclogites: implications for the
exhumation of (ultra-) high-pressure units
J. Geodynamics 37, 1 (2004)

2002
Prinz,DP, Pyckhout-Hintzen,W, Littke,R
Development of the meso- and macroporous structure
of coals with rank as analyzed with small angle
neutron scattering and adsorption experiments
Fuel 83 (2004) 547-556

Artioli,G, Kockelmann,W, Magerl,A, Mezei,F,
Rinaldi,R, Schäfer, W., Schofield,PF, Zoppi,M
Cultural Heritage: Artefacts and Materials
in D. Richter (Ed.): The ESS-Project, New Science
and Technology for the 21st Century, Vol.II, ESS
Council, 6-47 (2002)
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Jansen,E, Schäfer, W., Kirfel,A
The Jülich neutron diffractometer and data processing
in rock texture investigation
Journal of Structural Geology 22, 1559 (2000)

Pleuger,J, Jansen,E, Schäfer, W., Oesterling,N,
Froitzheim,N
Neutron texture study of natural gneiss mylonites
affected by two phases of deformation
Applied Physics A 74, 1058 (2002)

Siemes,H, Rosière,CA, Hackspacher,P, Schäfer,
W., Jansen,E
Defocussing correction of X-ray pole figures by
means of neutron pole figure measurements
Textures and Microstructures 34, 55 (2000)

Rinaldi,R, Artioli,G, Dove,MT, Schäfer, W.,
Schofield,PF, Winkler,B
Mineral Sciences, Earth Sciences, Environment and
Cultural Heritage
in D. Richter (Ed.): The ESS-Project, New Science
and Technology for the 21st Century, Vol. II, ESS
Council, 4-89 (2002)

Invited Talks

Schäfer, W.
Neutron diffraction applied to geological texture and
residual stress analysis
European Journal of Mineralogy 14, 263 (2002)

2004
Pleuger,J, Froitzheim,N, Jansen,E
Folded oceanic sutures south of the Monte Rosa
(Penninic Alps)
Réunion des sciences de la terre (Strasbourg) (2004)

2001
Froitzheim,N, Pleuger,J, Hundenborn,R,
Kremer,K, Babinka,S, Jansen,E
Constraints on the exhumation of the Adula nappe
(Part 1): A top-north mega-shear zone in the roof of
the nappe
Geol. Paläont. Mitt. Innsbruck 25, 90 (2001)

2003
OliveiraJr,VT, Hackspacher,PC, Siemes,H,
Schäfer,W
A textura do itabirito e suas iplicacoes cristalográficas
e geológicas
IX. Simpósio Nacional de Estudos Tectônicos
(Búzios, Brasil) (2003)

Rinaldi,R, Artioli,G, Dove,MT, Schäfer, W.,
Schofield,PF, Winkler,B
Neutron Scattering in Mineral Science, Earth Science,
and related fields with the European Spallation
Source
in D. Richter (Ed.): Progress Report: ESSSAC/ENSA Workshop on Scientific Trends in
Condensed Matter, Engelberg, Schweiz, 91 (2001)

Conference Presentations
2004

Siemes,H, Klingenberg,B, Jansen,E, Schäfer, W.,
Dresen,G, Rybacki,E, Naumann,M
Textures of experimentally deformed hematite ores
with magnetite and wuestite
in: Electronic Proceedings (CD-ROM) of the 2001
Annual Conference of the International Association
for Mathematical Geology, Cancun, Mexico, (2001)

Froitzheim,N, Pleuger,J, Roller,S, Jansen,E
The Matterhorn - really from Africa?
Réunion des sciences de la terre (Strasbourg) Poster
(2004)
Froitzheim,N, Pleuger,J, Roller,S, Jansen,E
Das Matterhorn - wirklich aus Afrika?
10. Symposium Tektonik, Struktur- und
Kristallingeologie (Aachen) Poster (2004)

2000
Pleuger,J, Froitzheim,N, Jansen,E
Gefaltete ozeanische Suturen südlich des Monte Rosa
(Penninische Alpen)
10. Symposium Tektonik, Struktur- und
Kristallingeologie (Aachen) Poster (2004)

Jansen,E, Bauer,W, Schäfer, W.
Neutron diffraction pole figures of geological
anorthosite textures
Physica B 276-278, 948 (2000)
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Kockelmann,W, Kirfel,A, Jansen,E,, Traum,R,
Linke,R, Schreiner,M
Zerstörungsfreie Charakterisierung von Münzen
mittels Neutronenbeugung
Jahrestagung des Arbeitskreises Archäometrie in der
GdCh, Archäometrie und Denkmalpflege 2003, 12.–
15.03.03, Berlin-Dahlem

Siemes,H, Klingenberg,B, Rybacki,E,
Naumann,M, Schäfer,W, Jansen,E, Kunze,K
Glide systems of hematite single crystals in
deformation experiments
8. International Congress on Applied Mineralogy
(Aguas de Lindoia (Brazil)) Poster (2004)
Siemes,H, Klingenberg,B, Rybacki,E,
Naumann,M, Schäfer,W, Jansen,E, Kunze,K
Glide systems of hematite single crystals in
deformation experiments
10. Symposium Tektonik, Struktur- und
Kristallingeologie (Aachen) Poster (2004)

J. Pleuger, N. Froitzheim, E. Jansen and W.
Schäfer
Structural analysis of continental and oceanic rocks in
the upper Sesia valley (Piemonte, northern Italy)
Meeting of the Swiss Tectonic Studies Group,
November 2003, Basel, Swiss
Poster (Basel, 2003)

Siemes,H, Klingenberg,B, Rybacky,E, Nauman,M,
Schäfer,W, Jansen,E, Kunze K
Glide Systems of Hematite Single Crystals in
Deformation Experiments
ICAM (Sao Paulo) Talk (2004)

2002
Froitzheim,N, Nagel, Th., Pleuger,J,
Hundenborn,R, Jansen,E
Zwei Subduktionszonen und der Aufstieg der AdulaEklogite
9. Symposium Tektonik - Strukturgeologie Kristallingeologie (Erlangen) Talk (2002)

2003
E. Jansen, W. Kockelmann, A. Kirfel, R. Linke
and M. Schreiner
Archaeometry by neutron diffraction: Test
experiments for texture analysis of coins
11. Jahrestagung der Deutschen Gesellschaft für
Kristallographie, 10.-13.3.2003, Berlin
Poster (Berlin, 2003)

Kurz,W, Froitzheim,N, Jansen,E, Schäfer, W.
Neutron texture study of eclogite rocks from the Alps
ESS European Conference (Bonn) Poster (2002)
Rinaldi,R, Artioli,G, Kockelmann,W, Schäfer, W.,
Schofield,PF, Zoppi,M, Magerl,A
Cultural Heritage: Artefacts and Materials
Scientific and Technological Challenges in the 21st
Century (Dourdan (F)) Talk (2002)

E. Jansen, W. Kockelmann, A. Kirfel, R. Linke
and M. Schreiner
Microstructure analysis of silver coins by means of
time-of-flight neutron diffraction.
Conference on the Use of Ion Beams in Materials
Science, Medicine and Archaeometry, 22.-24.5.2003,
Namur, Belgium
Poster (Namur, 2003)

Schäfer, W.
Rock textures studied by neutron diffraction at SV7-b
ESS-SAC-Workshop Earth Science (Cambridge
(UK)) Talk (2002)
Schäfer, W., Jansen,E, Kirfel,A, Kurz,W,
Froitzheim,N
Chances and challenges of rock texture investigations
by neutron diffraction
XIX Congress and General Assembly of the
International Union of Crystallography (Genf) Poster
(2002)

Jansen,E, Schäfer, W., Kirfel,A
On the increasing use of the Jülich texture
diffractometer for geological projects
3rd European Conf. On Neutron Scattering ECNS
2003, 03.–06.09.03, Montpellier/France (Poster)
W. Kockelmann, A. Kirfel, E. Jansen, R. Linke,
M. Schreiner, R. Traum and R. Denk
Non-destructive analysis of coins by neutron
diffraction.
European Crystallographic Meeting ECM-21, 24.30.8.2003, Durban, South Africa
Talk (Durban, 2003)

Schäfer, W., Jansen,E, Skowronek,R, Kirfel,A
Rock texture investigations on the University of Bonn
diffractometer SV7-b in Jülich
Deutsche Neutronenstreutagung 2002 and The
European Spallation Source (Bonn) Poster (2002)
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Siemes,H, Günther,A, Rosière,CA, Quade,H
Deformation partitioning and textures of banded iron
ores
11th Quadrennial IAGOD Symposion and
Geocongress (Windhoek, Namibia) Poster (2002)

Rosière,CA, Siemes,H, Lagoeira,L, Quade,H,
Schäfer,W, Jansen,E
Partial textures and deformations partitioning on
itabirites
VIII. Simpósio National de Estudos Tectônicos 2001
(Recife (Pernambuco)) Poster (2001)

2001

Siemes,H, Klingenberg,B, Jansen,E, Schäfer, W.
Texturuntersuchungen mit Neutronen an
experimentell verformten Hämatiterzen mit Magnetit
und Wüstit
9. Jahrestagung der Deutschen Gesellschaft für
Kristallographie (Bayreuth) Poster (2001)

Froitzheim,N, Pleuger,J, Hundenborn,R,
Kremer,K, Babinka,S, Jansen,E
Constraints on the exhumation of the Adula nappe
(Part 1): A top-north mega-shear zone in the roof of
the nappe
5th Workshop of Alpine Geological Studies
(Obergurgl (A)) Talk (2001)

Siemes,H, Klingenberg,B, Jansen,E, Schäfer, W.,
Dresen,G, Rybacki,E, Naumann,M
Textures of experimentally deformed hematite ores
with magnetite and wuestite
IAMG2001 (Cancun (Mexico)) Poster (2001)

Pleuger,J, Jansen,E, Schäfer, W., Oesterling,N,
Froitzheim,N
Neutron texture study of natural gneiss mylonites
affected by two phases of deformation
ICNS 2001 (Munich) Poster (2001)

Siemes,H, Klingenberg,B, Jansen,E, Schäfer, W.,
Dresen,G, Rybacki,E, Naumann,M
Texturen experimentell verformter Hämatiterze mit
Magnetit und Wüstit
Deutsche Neutronenstreutagung (Jülich) Poster
(2001)

Rinaldi,R, Artioli,G, Dove,MT, Schäfer, W.,
Schofield,PF, Winkler,B
Comparative texture studies of complex systems, time
evolution of rock texture, phase and texture analysis
of archaeological materials
Scientific Trends in Condensed Matter Research and
Instrumentation Opportunities (Engelberg (CH)) Talk
(2001)
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Materials Science and Engineering

2004

Jansen,E, Schäfer, W., Kirfel,A, Neuroth,M
Neutron texture investigation on electrolytic
Li2CO3/KLiCO3 of a molten carbonate fuel cell
Materials Science Forum 378, 718 (2001)

Jansen,E, Schäfer,W, Kirfel,A, Palacios,J
On the Development of Copper Textures - Neutron
Diffraction Control over a Period of 12 Years
Mat. Sci. Forum 443-444, 239 (2004)

Maxelon,M, Pundt,A, Pyckhout-Hintzen,W
Small angle neutron scattering of hydrogen
segregation at dislocations in palladium
Scripta Mater 44, 817 (2001)

Raevac,V, Hoelzel,M, Danilkin,SA, Hoser,A,
Fuess,H
Lattice dynamics in austenitic stainless steels
Fe18Cr12Ni2Mo and Fe18Cr16Ni10Mn
J. Phys.: Condens. Matter 16, 2609 (2004)

Maxelon,M, Pundt,A, Pyckhout-Hintzen,W,
Barker,J, Kirchheim,R
Interactions of hydrogen and deuterium with
dislocations in palladium as observed by small angle
neutron scattering
Acta Materialia 49, 2625 (2001)

2003

Schäfer, W.
Texture in Materials and Earth Sciences
in Th. Brückel, G. Heger, D. Richter (Ed.): Neutron
Scattering -Lectures-, Schriften des
Forschungszentrums Jülich, Matter and Materials,
Vol.9, p. 18.1 (2001)

Publications

Danilkin,SA, Skomorokhov,AN, Hoser,A, Fuess,H,
Rajevac,V, Bickulova,NN
Crystal structure and lattice dynamics of superionic
copper selenide Cu2-xSe
J. Alloys and Compounds 361, 57 (2003)
Hermann,RP, Jin,R, Schweika, W., Mandrus,D,
Sales,BC, Long,G, Grandjean F
Einstein Oscillator in Thallium Filled Antimony
Skutterudites
Phys. Rev. Lett. 90, 13 (2003)

Sosnowska,I, Przenioslo,R, Schäfer, W.,
Kockelmann,W, Hempelmann,R, Wysocki,K
Possible deuterium positions in the high temperature
deuterated proton conductor Ba3Ca1+yNb2-yO9-G + x
D2O studied by neutron and X-ray powder diffraction
J. Alloys and Compunds 328, 226 (2001)

2002

2000

Hoelzel,M, Danilkin,SA, Hoser,A, Ehrenberg,H,
Wieder,T, Fuess,H
Phonon dispersion in austenitic stainless steel
Fe18Cr12Ni2Mo
Applied Physics A74, s1013 (2002)

Remhof,A, Song,G, Labergerie,D, Isidorsson,J,
Schreyer,A, Güthoff,F, Hartwig, J, Zabel, H
On the structure of epitaxial YHx films
Journal of Alloys and Compounds, Conference
International Symposium on Metal-Hydrogen
Systems, Fundamentals and Applications (MH2000)
276, 330-332 (2000)

Jansen,E, Kyek,A, Schäfer, W., Schwertmann,I
The structure of 6-line ferrihydrite
Applied Physics A 74, 1004 (2002)

Schäfer, W.
Texture in Materials and Earth Sciences
in Th. Brückel, G. Heger, D. Richter (Ed.): Neutron
Scattering - Lectures (Matter and Materials, Vol.5),
Forschungszentrum Jülich, 18.1-18.17 (2000)

2001
Caspary,D, Eckold,G, Guethoff,F, PyckhoutHintzen,W
Kinetics of decomposition in ionic solids II: neutron
scattering study of the system AgCl-NaCl
J. Phys.: Condens. Matter 13, 11521 (2001)
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Schäfer, W., Jansen,E, Kockelmann,W, Alker,A,
Kirfel,A, Seitz,D, Grönefeld,M
Variations of microstructure and texture of permanent
magnetic Alnico alloys
Physica B 276-278, 866 (2000)

Rajevac V.,Hoelzel M.,Danilkin S.,Hoser A.,Fuess
H
Lattice dynamics in austenitic stainless steels Fe18Cr-12Ni-2Mo and Fe-18Cr-16Ni-10Mn
European Conference on Neutron
Scattering,Montpellier,3.-6.9.2003 (2003)

Sosnowska,I, Schäfer, W., Przenioslo,R, Lind,K,
Hempelmann,R
Neutron diffraction studies of the Ba3Ca1+yNb2-yO9-G
high temperature proton conductor
Physica B 276-278, 864 (2000)

2002
Jansen,E, Kyek,A, Schäfer, W., Schwertmann,U
Neutronenbeugung an nanokristallinem Ferrihydrit
10. Jahrestagung der Deutschen Gesellschaft für
Kristallographie (Kiel) Poster (2002)

Invited Talks

Jansen,E, Schäfer, W., Kirfel,A, Palacios,J
On the development of copper textures - neutron
diffraction control over a period of 12 years
8th European Powder Diffraction Conference
(Uppsala) Poster (2002)

2004
Melnichenko,YB
Micron Pores in Vycor Porous Glass: Evidences from
USANS
Annual National Meeting of the American
Crystallographic Association (Chicago) (2004)

Jansen,E, Schäfer, W., Kirfel,A, Palacios,J
Copper textures periodically monitored over twelve
years
Deutsche Neutronenstreutagung 2002 and The
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User Access
The majority of neutron scattering experiments at the research reactor FRJ-2 is carried out by
external user groups. We strive to support such groups optimally during the preparation,
execution, and evaluation of their experiments.
For this purpose the User Office (neutron@fz-juelich.de) was established which supports the
experimenters logistically. It guides the users through security clearance and radiation safety
procedures to obtain free access to the experimental area. The User Office also arranges
accommodation for the visit to Jülich and conducts the reimbursement of travel expenses
where possible.
Each experiment (external and internal) requires a proposal, a two-page description of the
experimental objectives. Up-to-date proposal forms can be found on the web site
www.neutronscattering.de together with advice how to fill them. Although most of the
information about instrumentation is available on the web site it is recommended that users
get into contact with the responsible staff of the instrument they wish to use to assure
feasibility of their project. It is also mandatory to write reports for each experiment
performed.
Each instrument of our suite (or combinations) may be requested by external proposals.
Nevertheless, there may be different beam time quota allocated to external users due to the
different demand of the individual instruments.
In many cases we can offer travel support to users doing experiments at FRJ-2. German
university users can be supported. The European Commission access programme “Jülich
Neutrons for Europe” can fund Non-German users from the European Union and associated
states. In both cases the support in general covers the travel expenses and subsistence costs of
two scientists for the experiment.
General proposals will be reviewed internally and can be submitted at any time. An
international panel reviews EU access proposals. They have to be submitted for three
deadlines per year. The deadlines are announced by advertisements in Neutron News and by
an e-mail newsletter for which prospective users can sign up at our web site. Depending on
the evaluation of the panel a proposal may be accepted, postponed for reconsideration in the
next round, or rejected. In the case of acceptance EU support will be applied for. Postponed
proposals may be carried out without funding or the proposers can wait for a more favorable
decision in the next round.
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