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Director’s words

The Laboratoire Léon Brillouin LLB, associated to the
ORPHEE reactor, is the French source of neutron scattering. |§
It has three major missions: to conduct its own internal re- =
search, to develop and implement high performance instru-
ments available to French and European community, and to
provide training to neutron scattering and to prepare a new genera-

tion users for future sources like the ESS spallation source.

LLB's own research is based on the use of central neutron scattering
and its applications to explore multidisciplinary condensed matter. It
is structured along three main lines, covering most areas of current
interest: - strongly correlated quantum systems and magnetism -
Nanoscience and Materials: Fundamental Studies and Applications -

Soft Matter and Biophysics.

Visit from highshool students at LLB

As a national source of neutrons, it is important to maintain the in-
strumentation of the large scale infrastructure (LSI) at a high level of
performance. The CAP2015 project of renovation of instrumental
responds to this objective. This is a major program for which the LLB

devotes important resources in manpower and budget.

The LLB / ORPHEE also plays a role in the existence of a "school"
of French neutrons. Numerous actions are taken in this direction
with operations such as training FAN of LLB or Hercules, a large
number of courses in different locations, thematic schools with SFN,

M2 undergraduate courses and practicals ...

Internationally, the LLB is very well integrated into the network of
European sources of neutrons and muons and 2012 will see the re-
start of the European NMI3 contract for a period of 4 years, enabling

to finance access to the installation for European users.

The highlight of 2011 was the evaluation of LLB by a committee of
the Agency for the Evaluation of Research and Higher Education
(AERES). This is the first such assessment by AERES because it was
explicitly asked the committee to consider the whole activity of
TGIR, not only the purely scientific research, but also instrumenta-
tion aspects and service and training. The visit took place on 16 and

17 May 2011 and the committee evaluated very positively the LLB.

Visit from A. de la Bourdonnaye (Direction générale de
la recherche et de I’innovation (DGRI) from the Min-

istére de I’ Enseignement supérieur et de la Recherche)
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Lgborai:o"e_ Le Laboratoire Léon Brillouin LLB, associ¢ au réacteur ORPHEE,
Léon Brillouin est la source frangaise de diffusion neutronique. Il a trois missions con-
> fiées par ses tutelles, le CEA et le CNRS : mener une recherche interne
propre, développer et mettre des instruments performants a disposition
a la communauté frangaise et européenne, enfin assurer la formation a la
diffusion neutronique et préparer une nouvelle genération d’utilisateurs

aux futures évolutions comme la source a spallation ESS.

La recherche propre du LLB s’appuie sur l'utilisation centrale de la dif-
fusion de neutrons et de ses applications pluridisciplinaires pour ex-
plorer la mati¢re condensée. Elle est structurée selon trois axes princi-
paux, couvrant la plupart des domaines d'intéréts actuels : - Systemes
quantiques fortement corrélés et magnétisme, - Matériaux et
Nanosciences : Etudes fondamentales et applications - Matiére Molle et

biophysique.

En tant que source nationale de neutrons, il est important de maintenir
I'instrumentation de la TGIR a haut niveau de performances. Le projet
CAP2015 de rénovation du parc instrumental répond a cet objectif.

C’est un important programme pour lequel le LLB mobilise des res-

2008-201 o Re pori sources importantes en personnels et en budget.

of the Laboratoire Léon Brillouin

Le LLB/ORPHEE joue aussi un role capital dans I’existence d’une «
The French Neutron Scattering Facility

école » de neutrons frangaise. De trés nombreuses actions sont menées
dans ce sens : avec des opérations de formations telles que les FAN du
LLB ou Hercules, le nombre important de cours dispensés dans des sites
divers, écoles thematiques comme avec la SEN, Magistere M2, accueil

et encadrement de travaux pratiques ou bien les rencontres en région.

A Téchelle internationale, le LLB est tres bien intégré dans le réseau des
sources européennes de neutrons et de muons et 2012 va voir le rede-
marrage du nouveau contrat européen NMI3 pour une durce de 4 ans
qui permet notamment de financer Dacces a Iinstallation pour des

utilisateurs européens.

Le fait marquant de I’année 2011 a été I’évaluation du LLB par un
comite de I’Agence d’Evaluation de la Recherche et de I’Enseignement
Superieur (AERES). Il s’agit de la premiere évaluation de ce type par
I'AERES, car il a été explicitement demandé au comité de considérer
I’ensemble de I'activité de la TGIR, non seulement I’aspect purement
recherche scientifique, mais également les aspects instrumentation et

service ainsi que la formation. La visite a eu lieu les 16 et 17 mai 2011 et

The AERES committee visits our installation le comité a évalué tres favorablement le LLB.

“The excellent scientific output of LLB and its remarkable impact in the wider French and in-
ternational user community underpins the importance of research with neutrons in address-
ing the “Grand Challenges” of modern society and provides an essential cornerstone for the
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The new 7C2 liquids and amorphous diffractometer

B. BEUNELU, J-P. AMBROISE, B. HOMATTER

Figure 2: Pre-assembling the polyethylene protection in the guide hall

During the first months of 2012, we have installed the new
detection device for 7C2, the instrument dedicated

previous BF; banana detector after more than 20 years of
excellent and loyal service, and the final assembling could

take place at the beginning of 2012.

The first neutrons have been measured at the reactor start,
end of March, and a number of trials and adjustments have
been carried out. Although measurements are still under
analysis, we can confirm the increase by a factor 25 of the
counting rate (factor 4.5 for the efficiency, and 5.5 for the
detection solid angle) without any loss of the signal to noise
ratio (although we have not yet any collimation between the
sample and detectors). The stability of the detection over one
week is also at least better than with the previous detector.
The counting rate of the different tubes is so similar that even
before any calibration of the detector device the signal can be

used (Fig3)!

The only problem is that several preamplifiers are no more

to the structure of liquids and amorphous solids.
Since the determination of pair correlation functions
requires a large q range, 7C2 uses a hot neutron
channel of Orphée (3 short wavelengths available:
0.58,0.7and 1.1 A). s e

1 I 2 625E4 — 3E4
The detection device consists in 16 moduli of 16 -fgigél‘——"zzeg:
vertical Position Sensitive Detector tubes, paired at H::o' s L E 1 ?5254 i 81723
bottom, with their electronics (Figl). The detector -2328 ;510205 o
tubes are distant by 1.5m of the sample. Their di- o S~
ameter is 12.2mm (step 0.52° between two tubes)
and the detection height is 470mm. The detectors
are very efficient even at short wavelengths, due to ' ETNIE °‘°28 & L TR
their high *He pressure (30 bar): the average effi-
ciency is 76% at 0.72 /o\, and still 69% at 0.58 A. Figure 3: First sample: intensity map (blue lines for not working preamplifiers),

The new system keeps one of the main
assets of 7C2, which is to measure the
signal in one run (useful for unstable samples or

4 environments).

To switch from the previous micro strip project to
the tube solution was decided at the very end of
2007. For more than one year after we have ordered
the 256 tubes (September 2008), we weren’t sure
that Reuter-Stokes would obtain the necessary *He
gas. The tubes were finally delivered at the very
beginning of 2010. We have selected the Mesytec
electronics, which has been adapted to the electron-
ics standards of the LLB.

The tubes were extensively tested in the guide hall,

where the frame and protection were also pre-

assembled (Fig2). Finally we removed he

Figure 1 : A 7C2 detection modulus
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and 1(26) signal dcdufcd‘ﬁ'vm the map.

The detection device is still not calibrated.

working, and that might be due to some of the tubes or con-
nections. This problem has to be solved but however, because
of the ring shape of the signal, the intensity for a given scat-
tering angle is obtained from several tubes (except close to
90°) The calibration of the instrument is still in process, and
7C2 will open to users as soon as we will be able to give them
all the reliable tools to reduce their data and fully use the
possibilities of the new 7C2 (some first measurements on real

samples have already been carried out).

The huge leap in the counting rate will open new possibilities
to 7C2 users, for much smaller samples, isotopic substitu-
tion, kinetics, measurements at the shortest wavelength 0.58
A (where the weak beam was discouraging), but also complex

sample environments.



Super-6T1 : The new versatile diffractometer for Texture and Stresses

M-H. MATHON, S. GAUTROT

So far, two distinct diffractometers were dedicated to the
analysis of residual stresses (DIANE ) and crystallographic
textures (6T1) respectively. 6T1 is located on a thermal
monochromatic beam and DIANE on a cold neutron beam. In
both cases, the experiments suffered from lack of flexibility
on the Bragg peaks accessible and improvements are needed
to keep these devices competitive.

Moreover, the communities of engineers and metallurgists
have shown a growing interest for the characterization of
microstrain, and heterogeneities of mechanical behavior. This
kind of research requires measurements coupled textures/

strain (including measures in situ under load). So, as part of |

the rejuvenation of the 6T1 diffractometer to upgrade its
capabilities, it was decided to design a versatile device that
enables both measures of strains and crystallographic texture
on a beam of thermal neutrons.

Thus, Super 6T1 will be a 4-circles diffractometer using ther-
mal neutrons, optimized for characterization of texture,
internal strain measurements from multiple Bragg reflections,
and for analysis of line profiles, with acquisition times signifi-
cantly reduced (by a factor of about 5 for textures, and up to
30 for strains).

The development of the diffractometer should be
completed in several phases:

o At the beginning of 2012, the first step was to install a
new sample - detector support. This support
contains an innovative Euler cradle including x, y, z
translations allowing to perform maps of internal
strains and / or texture. In parallel, an original sam-
ple changer for measuring pole figures of twelve sam-

Figure 2: Sample-detector support with a new Euler

Cradle including x,y,z translations.

Figure 1: The old 4-circles diffractometer 6T1 dedicated only

to texture measurements.

ples sequentially was developed. Concerning the
sample environment, a tensile machine adaptable to
the Euler cradle, and associated with an image corre-
lation system, is also available for in situ internal
strain measurements. For in situ measurements at

high temperatures, a furnace is also available.

A new 2D detector with a working area of
200x200 mm2 and a set of four radial collimators
(covering a sufficiently wide resolution range) will be
available before the end of 2012.

This diffractometer should have several wave-
lengths and it constitutes the next important step of
this project scheduled for 2013. The protection of the
output beam will be modified to have access to 3
different take-off angles. So, with two focusing
monochromators (Cu (111) and PG(002)), the dif-
fractometer will dispose of 6 possible wavelengths.

By the end of 2012, the LLB will have thus already a
very competitive new instrument for the study of
materials in the field of mechanics and metallurgy.

By the end of 2013, the variable wavelength will give
access to measurement geometry close to 20 =90°

and residual stress mapping may be carried out on

industrial parts of reasonable size (25 kg maximum).
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G. CHABOUSSANT, S. DESERT, P. LAVIE & A. BRULET

PA20 will replace PAXE at the end of 2013 with several ma-
jor upgrades and brand new functionalities: the total length of
PA20 will be 40 m, including a 19 m collimation length, a 20
m detector tank containing high-resolution/high-efficiency
XY detectors. The casemate will contain a monochromator
(velocity selector A=0.3-2.0 nm), a chopper system for Time
-of-Flight (TOF) mode, a polarizer and a RF spin flipper. The
detector system will consist in one rear detector at "small
angles" and two panels of front detectors for "high angles".
PA20 will improve SANS experiments in a variety of ways in
terms of neutron flux, scattering angle coverage, Q-

resolution and neutron polarization.

Description rapide

+ géométrie «pinhole» (fentes rectangles) [
+ collimation: 16-19 m + 19m detecteurs |}
+ gamme de Q: 5.10% - 0.7A""

+ monochromateur (SdV): 3.5 — 25 A

« option TOF prévue

* neutrons polarisés (polariseur)+option
analyse de polarisation

PA20 general layout along the G5 guide

PA20 will allow faster measurements, with "single-shot"

access to a wider range of scattering vectors (from very small
scattering vectors, lower than 0.01 nm™ (at A=0.8 nm and

19 m) up to 7 nm ! (at A=0.4 nm and 1.0 m). Faster data
acquisition rates enables kinetics measurements or systematic
studies as a function of temperature near phase transitions
where better resolution are critical to differentiate between
models or theories. Also, the increased Q-range coverage
allowed by the 2D front and rear detectors will permit a
more rigorous analysis of interface effects, their fractal as-
pects (Porod regime) compared to volume effects (Guinier
regime). Pushing the limits in terms of flux and resolution is
also critical when dealing with samples that are difficult to
synthesize or which can be obtained only in modest quantity.
The new instrument PA20 will make it possible to tackle such
studies. Regarding magnetic studies, PA20 will be the first
SANS/GISANS with multi-wavelength neutron polarization
at LLB, fulfilling the needs to study magnetization processes
in nano-objects and thin films. The GISANS setup will be
particularly useful to study nanostructured surfaces and inter-

faces (deposited or embedded nano-objects), magnetic do-

‘ PA20: A new SANS + GISANS project for soft matter, materials & magnetism

main formation, multilayered materials or magnetic thin films
through specular and off-specular signals. In parallel, SANS
with polarized neutron from A=0.4 nm upwards will increase
the possibilities to studies strongly correlated electrons sys-
tems, complex magnetic configurations (long-range periodic-
ity, frustrated), photo-magnetic molecular systems, and com-
posite magnetic materials. The key components forming
PA20, whose general layout is shown in Fig.1, are the case-

mate, the collimation line and the detectors tank.

The casemate is 3 m long and composed of lead and heavy
concrete. It will house a Dornier-type velocity selector that
can be replaced by a chopper when PA20 is operating in Time
of Flight (TOF) mode, an escapable polarizer placed in vac-
uum, and a RF spin flipper.

The collimation line offers maximum flexibility in terms of
beam shapes and accuracy. The maximum collimation length,
in polarized mode, will be 16 m and 19 m in non-polarized
mode. This system of independent slits, with horizontal and
vertical adjustments, has been chosen to provide square
shaped collimation for SANS and vertical or horizontal rec-
tangular shape for GISANS.

Two sets of 2D XY *He detectors will be placed inside the
detector tank to achieve high angular resolution and large
angular coverage. The rear detector is a 64x64 cm’ *He single
-bloc Aluminium multi-tube ILL-made detector with 5 mm
vertical and horizontal pixel size. The front detectors, also
with *He, consist of two sets of 12 mm tubes placed perpen-
dicular one to another. Each set will be 20 cm wide and 64
cm high. The front detector will allow covering an extended
Q-range and its distance to sample will be adapted according

to the position of the rear detector.

Polariseur

SwissNeutronics RF flipper

Sélecteur
Astrium

\
EHN =P |
T |

DI v {

| S
u

Casemate details
(to be installed in summer 2012)

References

1. G. Chaboussant et al (2012) J. Phys.: Conf. Ser. 340 012002
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AXE I
STRONGLY CORREILATED QUANTUM
MATERIALS AND MAGNETISM.

The “strongly correlated electron systems” denote a class of materials and
physical phenomena which cannot be described in terms of the standard theory for a
Fermi gas of non-interacting electrons. Such situations mainly occur in compounds con-
taining transition-metal or rare-earth elements, because d and f orbitals have a more
pronounced localized character. One common feature in many of these materials is the
coexistence of several degrees of freedom associated with the electron- (charge, spin,
orbital) or lattice sub-systems, whose interplay is responsible for a large variety of
ground states and excitation spectra. Well-known examples studied at LLB, both experi-
mentally and theoretically, include cuprate or ferropnictide high-T, superconductors,
“giant magneto-resistance” manganites, compounds with short-range magnetic interac-
tions subject to geometrical frustration (multiferroics, spin-ices, etc.), lanthanide-based
heavy-fermion systems and “Kondo insulators”, as well as a number of materials in
which unconventional orders occurs, such as the “magnetic blue phase” of MnSi, or the
multipole-order states found in rare-earth hexaborides. Because neutrons interact with
both the atom nuclei and their electron shells, neutron scattering is one of the best tools
to study this type of physics involving interplay of lattice and magnetic properties. Po-
larized neutron beams, implemented on several spectrometers at LLB, further enhance
the potential of neutron experiments for studying strong correlation phenomena in
condensed matter.

1) SINGLE CRYSTAL INVESTIGATION OFTHE KAGOME
ANTIFERROMAGNET U,Ru,Al,,.
R.Troc, M. Pasturel, O.Tougait, A. P. Sazonov, A. Goukassov,

C. Sulkowski, & H. Noél

2) MAGNETIC EXCITATIONS IN LAYERED RUTHENATES.
P. Steffens, O. Friedt,Y. Sidis, P. Link, J. Kulda, K. Schmalzl,
S. Nakatsuji, & M. Braden

3) MIXED ACOUSTIC PHONONS AND PHASE MODES IN
AN APERIODIC COMPOSITE CRYSTAL.
B.Toudic, R. Lefort, C. Ecolivet, L. Guérin, R. Currat, P. Bourges,
T. Breczewski

4) NEUTRON AND CHIRALITY: EXPERIMENTS AND SIMULATION.
V. Simonet, M. Loire, S. Petit, R. Ballou

5) STRUCTURE AND MAGNETIC PROPERTIES OF In,RuMnO,
AND In,RuFeO,: HEAVILY TRANSITION-METAL DOPED
In,O;-TYPE BIXBYTES.

C.de la Calle, M. J. Martinez-Lope, V. Pomjakushin, F. Porcher,

J].A. Alonso
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Single crystal investigation of the Kagomé antiferromagnet U;Ru,Al,,

R.TROCA M. PASTUREL®, O. TOUGAITE, A. P. SAZONOV®, A. GOUKASSOVS, C. SUIKOWSKI* & H. NOEL?

A Institute of Low Temperature

and Structure Research, Polish

Academy of Sciences, Wroctaw,

Poland

B Institut des Sciences Chimi-
ques de Rennes, Chimie du
Solide et Matériaux, Rennes,

France

C Laboratoire Léon Brillouin,
CEA-CNRS, CEA Saclay,
91191 Gif-sur-Yvette, France

r.troc(@int.pan.wroc.pl

Single crystal neutron diffraction was used to
determine the magnetic structure of a novel Ka-
(Tw 9.5(5) K),
U;Ru,Al,,. An original arrangement of the mag-

gomé antiferromagnet =
netic moments, lying in the 2D Kagomé network
of uranium atoms has been evidenced, resulting
in a net moment in each [U;] triangle, leading

to a ferromagnetic-like component in each U-

The ternary uranium based aluminides U,T,Al;, (T

Fe, Co, Ru) crystallize in the hexagonal
Gd;Ru,Aly, structure-type (space-group P6;/mmc,
no. 194), in which the magnetic uranium atoms are
forming a 2D distorted Kagomé network parallel to
the (a, b) plane. This geometry is usually favourable
for magnetic moment frustration and was thought to
be responsible of the spin-glass behaviour of the iron
and cobalt based compounds’?. Surprisingly, a poly-
crystalline sample of U;Ru,Al, was found to order
antiferromagnetically at Ty = 8.4(5) K and electrical
transport properties are dominated by Kondo-like

interactions’.
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Figure I : Temperature dependencies of the reverse molar susceptibility meas-

ured under a magnetic field of 0.5 T applied parallel to the a- and c-axes.

Solid lines represent fits to the modified Curie Weiss law of the experimental

data above about 20 K. Such dependencies for average susceptibility and for

In order to further investigate this intermetallic, a
single crystal has been grown by the Czochralski

tetra-arc pulling method and carefully examinated by

Page 18

layer, nearest neighbouring layers being coupled
antiferromagnetically.  Anisotropic  electrical
transport measured at high temperature high-
lights the presence of Kondo-like interactions
and those below Ty the opening of a gap in the

Fermi surface.

means of magnetic, electrical, magnetoelectrical,
thermopower and specific heat measurements, as

well as by neutron diffraction at low temperature?.

The thermal variation of the magnetic
susceptibility (Fig. 1), measured along a- and c-axis,
shows a high anisotropy between both crystallo-
graphic directions. Along the a-axis, a pronounced
maximum is observed at Ty = 9.5(5) K, in agree-
ment with the expected antiferromagnetic ordering,
while along the c-axis, only a shallow hump is ob-
served at 6(1) K. The average value 2/3 ¢, + 1/3 ¢,
nicely fits the value for the polycrystalline sample.
From the previous observations, one can expect the
ordering of the moments in the (a, b) plane. In or-
der to check this assumption, unpolarized neutron

diffraction studies were performed at T = 1.6 K and

10 K on the 6T2 diffractometer (A = 0.9 A) at the
Orphee reactor of the Laboratoire Léon Brillouin.

As many as 136 Bragg reflections were collected up

to sinB/A = 0.45 A'at 1.6 K. The nuclear structure
parameters were deduced from the measurements at
10 K, corroborating these obtained at room tem-

perature by single crystal XRD.

The refinement of the magnetic structure
indicates relatively large U*" magnetic moments of
2.5(2) uB, lying in the (a, b) plane, as expected
(Fig. 2). They are parallel either to the a-axis or the
b-axis as well as to the shortest diagonal of the rhom-
bus formed by those axes. The three uranium mo-
ments are forming an angle 0. = 27t/3 = 120° at the
three apexes of the smallest [U;] triangles of the
kagomé network. The interatomic distances in this
triangle are dy, ,=3.575(1) A, the value not far from
the 3.5 A Hill criterion for appearance of a magnetic
ordering. This and the other dy; ; distances are visu-

alized in Fig. 2. It should be noted that the classical


mailto:r.troc@int.pan.wroc.pl

Figure 2 : Magnetic structure (left panel) of U;Ru,Al,, and its projection on the basal (a, b) plane (right panel). For clarity, only the ura-

nium atoms are PIESCH[Cd.

ground state of a kagomé lattice antiferromagnet is an ordered
state where the three spins around any triangle are oriented
120° apart, such that the sum of these three spins shows no
net moment on the triangle. Surprisingly, the magnetic struc-
ture for U;Ru,Al), features a net moment on each triangle,
where the spins are rotated -60°, 0°, and +60°from the b-
axis. Thus 2/3 of all nearest-neighbor bonds are slightly fer-
romagnetic while 1/3 is antiferromagnetic leading to a ferro-
magnetic-like component in the layer. The nearest-neighbor
layers are coupled in such a way that their ferromagnetic-like
components compensate each other, which results in an over-

all antiferromagnetic structure.

Electrical resistivity measurements also evidence a strong

anisotropy between a- and c-axes. At high temperature, both

of them show some logarithmic increase domains with de- ¥

creasing temperature, in agreement with the presence of
Kondo fluctuations. A rapid decrease of r(T) below Ty is
observed along the c-axis, as expected from the decrease in
the spin disorder resistivity, while a sharp peak develops at
this temperature along the a-axis, highlighting the opening of
a gap in the Fermi surface. The observed thermal variation of
these resistivities, as well as these of the transverse magne-
toresistivity, Seebeck coefficient and specific heat (giving a
Sommerfeld coefficient ¢ = 200 m] K”mol,") compares
well with those reported previously for the antiferromagnetic
moderate heavy fermion UCusln; or Cr,, where the gapping
of the Fermi surface is attributed to the formation of a spin

density wave.

Further experimental work should be performed to ascertain
this hypothesis, as well as further neutron diffraction experi-

ments under magnetic field in order to identify the metamag-

References
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Magnetic excitations in layered Ruthenates
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In a comprehensive study on various triple-axis
spectrometers, we have analyzed the magnetic
excitations of the layered Ruthenates

Ca, Sr,RuO,. In the concentration close to the
metal-insulator transition but still on the para-
magnetic and metallic side, these materials show

magnetic correlations which indicate a competi-
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-0‘84

06 08 1

H

12 14 186

tion of different magnetic instabilities. An ap-
plied magnetic field sensitively changes the cor-
relations and gives rise to a metamagnetic tran-
sition above which a ferromagnetic state with its

characteristic excitations is induced.

related to ferromagnetic fluctuations). By the possi-
bility to vary the parameters Sr-concentration, tem-
perature and magnetic field, we can systematically
probe the magnetic correlations by inelastic neutron
scattering. Among the instruments used for these
studies are the triple axis spectrometers of the LLB:

1T, 2T, 4F1 and 4F2

The ruthenates studied here have a layered structure,
analogous to the cuprate High-Tc superconductors,
which is formed by planes of ruthenium and oxygen
ions. These planes determine the electronic proper-
ties, and also the magnetic correlations are highly two

-dimensional.

The family of layered ruthenates has been in

the focus of interest since the discovery of
superconductivity in Sr,RuO,, which is an
unconventional superconductor with elec-
trons most likely pairing into triplets.

The series Ca,_SrRuO,, which arises from
Sr,RuO, by substitution of Strontium by Cal-
cium, exhibit a variety of exciting phenom-

ena. Although the replacement of Sr by Ca |3.—

does not change the number of charge carri-

-1 05 0
Q (A"

ers, the electronic and magnetic behaviour is
Figure 1

(left) an

closely coupled to slight structural changes
and varies considerably as a function of the Sr
content x. In the concentration range of
0.2<x<0.5, samples exhibit a metamagnetic
transition from a state with low susceptibility, remi-
niscent of antiferromagnetic correlations, to a state
with high magnetic polarization. A similar transition
has been observed in the closely related material
Sr;Ru,0,, where exciting phenomena related to the
quantum-critical end point of the metamagnetic tran-
sition were reported.

Although there is no static magnetic order, magnetic
correlations are likely to determine the physics of
phenomena like the metamagnetic transition or spin-

triplet superconductivity (which is supposed to be

Page 20

: Magnetic inelastic scattering over several Brillouin zones

d sketch of the positions of the different contributions in one

zone (right).

As there is no static order, the entire magnetic scat-
tering is inelastic. The intensity map in Fig. 1 (and in
the title) show the inelastic magnetic scattering
(AE = 4 meV and 2.5meV, respectively) over several
(2D) Brillouin zones in Ca; ¢Sry,RuO,at T = 2K.
While scattering is concentrated near the zone centre
(which would correspond to ferromagnetic correla-
tions) there is no maximum just at the zone centre,
but at positions separated by a small finite vector

along the axes. This means the scattering is antiferro-
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magnetic in nature, with an incommensurate propagation
vector. A more detailed analysis reveals that there are contri-
butions from at least two Q-vectors near each other, which
cannot be separated in the intensity maps. The sketch in the
right part of Fig. 1 shows the Q-vectors from which these
contributions arise. Those from the incommensurate posi-
tions Q,; and Q,, give the strongest intensity in the map, but
also the one on the diagonal, Q=(0.3,0.3,0), is present, see
the detail in Fig. 2a. These particular Q-vectors result from
the electronic band structure of the material and correspond
to excitations of electrons from one to another place on the
Fermi surface. This itinerant mechanism determines magnetic
excitations also in other classes of materials, for example
some iron arsenide superconductors, and it is decisive for

many of the physical properties .
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Figure 2 : Magnetic scattering in Ca, 3,Sr,¢,Ru0,. (a) Contribution from the

diagonal nesting vector. (b-d) Ferromagnetic component and its characteristic

parameters.

At low temperature, ferromagnetic correlations are entirely
suppressed in the sample with x=0.2. However, they are
very strong when slightly increasing the temperature and/or
the Sr concentration, as can be seen in Fig. 2b for a scan
across the zone centre for different temperatures at low en-
ergy transfer. The analysis of the ferromagnetic scattering in
part (c) and (d) of the same figure shows how the characteris-
tic energy I of the fluctuations decreases, and how the real

part of the magnetic susceptibility diverges when lowering
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the temperature. Both effects represent the typical behaviour

when approaching the transition into a ferromagnetic state.
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Figtzrc 3: Magnetic scattering above the metamagnetic transition (at

B = 10T) in Ca, ¢Sr, ,Ru0,. (left) Dispersion and (right) intensity map

of the induced excitation.

After comprehensive measurements on different samples in
different conditions, we arrive thus at a generalized picture.
Magnetic correlations in layered ruthenates are characterised
by competition of ferro- and antiferromagnetic instabilities
with the balance depending sensitively on temperature and

Strontium concentration.

This balance can also be influenced by the application of a
magnetic field. Contrary to the simple case where an external
field acts only to polarize magnetic moments in the sample,
our inelastic neutron scattering results prove that the intrinsic
correlations change fundamentally: while being antiferromag-
netic in character in Ca, ¢Sr, ,RuO, (without field at low tem-
perature), a dispersive excitation resembling a magnon in a
ferromagnet appears under field (Fig. 3), whereas the anti-

ferromagnetic features are suppressed.

In summary, inelastic neutron-scattering reveals the delicate
balance of different magnetic instabilities driving the physical
properties and the metamagnetic transition in layered ruthen-

ates.
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Aperiodic crystals which are long range ordered
materials present original dynamics features due
to the lack of translational symmetry formally
implying the nonvalidity of the Brillouin zone

concept. We report the observation by neutron

Aperiodic crystals may show low lying excitations
resulting from the infinite degeneracy of their
ground state related to the possibility of describing
these structures in a higher dimensional space [1, 2].
Among the various types of incommensurate sys-
tems, one of the simplest is illustrated by uniaxial
composite crystals. There, contrary to displacively
modulated crystals, no mean Brillouin zone can be
defined and consequently, no perturbative ap-
proaches can be used to approximate phonon

branches.

n-alkane/urea crystals are incommensurate along the
channels direction labeled the ¢ axis (Fig. 1). A mis-
fit parameter is defined by the ratio of the host and
guest periodicities Y = ¢,/c,, respectively deter-
mined by the pitch of the urea helices and the guest
repeat distance. The room temperature superspace
group is of rank 4, P6,22(00y) with the vectors
Qi
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S
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Figure I : Predicted dispersion curves of the longitudinal acoustic phonons

propagating along the aperiodic direction Q, of the n-nonadecane—urea.

(insert : zoom of the small Q, range)

Qo = ha*+kb*+1c,  F+mc

%
guest

If the interaction between the sub-lattices could be

neglected, one would get two zero energy modes at

Page 22

scattering of an overdamped acoustic-like mode
at a Bragg peak position in a n-alkane—urea
inclusion crystal. This result implies the exis-

tence of a gap in the dispersion branch.

infinite wavelengths, each one corresponding to a
rigid displacement of one sub-lattice with respect to
its fixed counterpart. Two sound velocities for host
and guest sub-lattices could then be defined. In real
materials, interaction between sublattices couples
the sublattice acoustic modes to give rise to two new
modes at infinite wavelengths, an actual unique
acoustic mode for the composite V_anda mode cor-
responding to the relative anti-translation (sliding
mode) of both sublattices V.

Coherent neutron scattering experiments (4], partly
done on the LLB cold neutron triple-axis 4F1, were
performed using a single crystal of fully deuterated
nonadecane/urea, in its high symmetry phase in
order to avoid the complexity of the different higher
dimensional ordered phases below T, = 150K [3].
Phonon excitations were measured at T = 160K i.e.
in the high symmetry phase P6,22(00y), and near
the Bragg position Q,q. Around that wavevector,
Q = Q40 T q-Chos*, @ simultaneous measurement of
the LA and the TA modes propagating along the
aperiodic direction is allowed. Inelastic phonon LA
and TA modes were fitted with normalized damped
oscillator functions convoluted with the spectrome-

ter resolution [4].

The obtained dispersion curves for the LA and TA
branches are presented in Fig. 2(a). Usual behavior is
obtained for the doubly degenerated TA propagating
along the incommensurate direction both consider-
ing the damping which follows the hydrodynamics
law in q” and the energy dispersion. The striking
result is the evidence of a totally new behavior for
the longitudinal “‘acoustic-like’” excitation. Indeed,
on the Bragg peak location it generates a well-
resolved quasielastic scattering in the spectrum [4].
This implies a gap in the dispersion of this LA branch
since for a damped oscillator of intrinsic frequency
®, and width I'j the quasiclastic width tends towards
®,’/I"y when approaching the overdamped regime.
This gap is found equal to 80 GHz at the Bragg peak

position. The damping of this branch also presents a
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very unusual behavior since it does not go to zero at low q 1} a) I I I ,Z"/

values, violating the hydrodynamics rules in q” expected for _ ,»"1"LA

infinite wavelength. Its value at 160 K is almost constant f 08 ’_,/‘i

around 180 GHz, in total disagreement with the expected = Fi'

dependence shown by the dotted line in Fig. 2(b). Moreover, § 06 x’F

the room temperature damping is 330 GHz, indicating rather g 04 x';/

linear temperature dependence. The observed gap could be L&: }."*

the consequence of a strong interaction between both sublat- 02 ;."' TA

tices when the intermodulation function becomes nonana- E‘l}‘/

lytic. In n-alkane/urea compounds, this strong interaction is 00 _0'65 _0:1 _0"15 02

indeed observed with depinning and lock-in phenomena and q (c* reduced units)

could account both for the reported observations close to 04 . . .

Q = Qypgand to Q, = 0 (reciprocal space center). b) LA (300K)
035t | l l» o LA (160K)

Similar observations to the ones done in this study were never
performed before in any type of aperiodic crystals, although
all these materials enter the superspace crystallographic de-
scription. In quasicrystals, it has been shown that strong

I
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Bragg peaks can act as the pseudo-Brillouin zone center and in

Damping (THz)
o
%]

inorganic aperiodic composites, different longitudinal acous-
tic modes at various sublattice Bragg reflections were ob- 0.1 .

served, with a normal behavior for the dispersion and the

damping. Theoretical modelizations including actual interac-

TA (160K)

0.02 0.03
q2 (0*2 reduced units)

tion energy terms are necessary to go further on in order to 00 0 b 1
describe the complex observation in the acoustic phonon

spectrum beyond the hydrodynamics limit. )
Figure 2 : Frequency at 160 K (a) and damping (b) of the LA

(circles) and degenerate TA (triangles) modes propagating
along the aperiodic c* direction of n-nonadecane/urea. Dotted

lines in (a) and (b) describe the usual LA behavior.
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Ubiquitous in nature, chirality is what distin-
guishes a phenomenon from its materialization
in a mirror [1]. Condensed matter physics and
especially magnetism provide a rich playground
to investigate this phenomenon, as it appears

naturally to describe the arrangement of mag-

In magnetism, the chirality accounts for the sense of
rotation of the spins on moving along an oriented
line. The latter can be a straight line around which
the spins form a helix, or an oriented loop, for ins-
tance a triangle, at the summits of which the spins
are orientated at 120° from each other. For such
coplanar spin configurations, it
can be uniquely characterized
on a bond connecting two
consecutive spins Si and Sj by
the parity breaking vector
product Si x §j, defining the
magnetic vector chirality. As
far as domains of opposite
chiralities are equipopulated,
the chirality is usually averaged
to zero in centrosymmetric
magnets. However, in non-
centrosymmetric  compounds
as for instance in the Ba;NbFe;Si,O,, langasite
(BNFES) [2], neutron experiments have evidenced
pure chiral phases. Actually, these studies focused on
the ground state properties and the way the associa-
ted excited states inherit from the chiral properties
remains an open issue. In a recent publication [3],
we addressed this question, investigating the spin
dynamics in a BNFS single crystal by means of neu-

tron scattering.

BNFS crystallizes in the acentric space group P321

which confers the compound a structural chirality

denoted & =+/-1 for right(left)-handedness. The
magnetic carriers are the Fe** ions arranged on tri-
mers whose centers form triangular lattices perpen-
dicular to the trigonal ¢ axis (see Fig. 1). A magnetic
Ty =27
K. The spins lic in the (a, b) plane with the same

order sets in below the Néel temperature

120° configuration on each triangle unit, thus exhi-

biting a single triangular chirality, denoted &;,. This
planar arrangement is helically propagated along the

c-axis with a period 1/1~7, and a single chirality
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netic moments in non-collinear magnets. Here
we report neutron experiments performed in the
Ba;NbFe;Si,0,, langasite (BNFS) [2], along
with numerical simulations, describing a pure

chiral phase as well as chiral excitations. .

(named helicity), denoted &;. A global overview of
the spin waves was provided by unpolarized experi-
ments performed on the ToF spectrometer IN5 at
the ILL (on a single crystal in rotation around the
vertical zone axis a [4]) allowing to measure the
magnetic dynamical structure factor S(Q,®), asso-
ciated to symmetric spin correlations. As shown in
Fig. 3, two spin-wave branches emerging from the
magnetic satellites are identified. Further polarized
experiments carried out on IN20 confirmed the
magnetic origin of the two modes. By extracting the
chiral magnetic dynamical scattering C(Q,®), asso-
ciated with antisymmetric spin correlations, we
could establish that the lower mode is achiral whe-
reas the upper mode has is fully chiral over the who-

le CIlCI‘gy spcctrum .

Meanwhile, owing to developments in numerical
and computer science, numerical simulations have
become an important trend in physics and a useful
tool to design and explain experiments. Using the
“spinwave” software developed at LLB, based on the

standard Holstein-Primakov formalism in the linear

-

— —

E=+1 g=-1
Figure 2 : Different chiralities in Ba;NbFe;Si,0,,

approximation [5], we could determine the correla-
tion functions and reproduce quantitatively the ob-
served spectra. The in-plane 120° spin arrangement
is stabilized by antiferromagnetic intra-trimer J1 and
inter-trimer ]2 interactions within the (a, b) planes.
Three interplane interactions, J;—Js;, connect each
moment to the 3 moments of the upper or lower
trimer along the ¢ axis (see Fig 2). The acentric

structure imposes different J; and J5, oppositely



twisted around ¢. The dominant one drives the helical modu-
lation according to the structural and triangular chiralities; the
two weakest interactions allow tuning the periodicity of the
helix. This model implies that the magnetic and structural

chiralities are related €4 = &; €. For the investigated crystal,

€ = -1 is observed (strong J;), imposing opposite senses of
rotation for the helicity and the triangular chirality. We are
left with two different solutions (out of four) for the magnetic
chiralities (¢,=1, €,=-1 and &,=-1 &,=1). The observed
ultimate selection of a single magnetic chirality was proposed
[2,6] to originate from the antisymmetric Dzyaloshinskii-

Moriya exchange interaction.

As shown in Fig. 3, an excellent agreement between experi-
ment and calculation is achieved with the exchange parame-
ters (in meV) J, = 0.85%0.1, J, = 0.24%0:05, |, =
0.053%0.03, J, = 0.017, and ]J; = 0.2430.05 and a DM vec-

tor along ¢ of 1% |],|. As shown in Fig. 4, the calculations

demonstrate that S(Q, ®) reflects the structural chirality &;.
The spectral weights of the branches emerging from the +1
and —T are inverted between the two structural chiralities.

On the other hand, S(Q,®) does not depend on the magnetic

chiralities. The two corresponding ground states yield howe-
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Figure 3 : (left) inelastic neutron scattering intensities at 1.6~K in
the (b¥*, ¢*) scattering plane on the ToF spectrometer IN5. Dis-
played are intensity maps along (0,k,-1+t) and (0,-1,1) lines in the

rcc‘ipr()(‘a/ space (Q-cuts). (ri(qht) Numerical simulations (»)}‘VS((&H) .

ver different C(Q, ®) with opposite sign. S(Q, ®) and C(Q,

®) are therefore a strong fingerprint of the ground state glo-
bal chirality.
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This establishes the observation of a dynamical chirality unbia-
sed by macroscopic time-reversal symmetry breaking (i.e. in
strictly zero magnetic field), but solely associated with the
space inversion symmetry breaking. This intrinsic property of
the spin waves is here highlighted thanks to the chiral single
domain ground state of the BNFS compound.
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It is well known that In,0O; is able to dissolve cer-
tain amounts of transition metals but, at ambient
pressure, the solubility is rather small, inferior to
s= 0.5 in In, M. O; here we describe a substantial
incorporation of magnetic transition metals intro
In,0; of half of the metal positions (s = 1), by sim-
ple thermal treatment at temperatures in the 1300
-1400°C range. The crystal structure of In,RuM-
nO; and In,RuFeOjhas been studied at room

temperature (RT) from high-resolution neutron

Indium-based perovskites containing Fe and Mn have
only been stabilized under high-pressure conditions
[1-5], with compositions (In, MIMO; (x = 0.112-
0.176 and M= Fe, sMny 5) [1] or (In; ,\Mn )MnO; [5].
Some of them attracted much attention as new RT
multiferroic materials [1-3]. In fact, with In** (i.r.=
0.92 A) the perovskite structure becomes unstable
and leads to the stabilization of a C-type R,Oj; bixbyte
structure, as adopted by ScVO;[6, 7]. In our work,
we describe new complex oxides containing In, Mn/
Fe and Ru with bixbyte structure; we report on a
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detailed structural and magnetic
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study carried out from neutron
InQRuMnOG, 295K

N2D. 1 17224 A powder diffraction data in com-

plement with magnetic suscepti-

bility measurements.

In,RuMOy (M = Mn, Fe) materi-
als were obtained in powder
form by a citrate technique.
Stoichiometric amounts of ana-

Iytical grade In,O;, RuO, and

1000 41— . .

bl C,Fe0,.2H,0 or MnCO, were

20 (deg)

120 treated in citric acid with some

droplets of HNO;. The organic
resin was dried at 120°C and

Figure 1. Rietveld plot of In,RuMnO, bixbyte, from NPD data
collected at RT at 3T2 high-resolution diffractometer.

slowly decomposed at tempera-
tures up to 600°C for 12 h. The
precursor with #/ = Mn was then

heated at 900°C, 1000°C, 1300°C with intermedi-
ate grinding for 12 h. To obtain the clean sample
with M = Fe a final heating at 1400 °C was neces-
sary. The first characterization was performed by
XRD. A NPD diagram for In,RuFeO, was col-
lected at RT and low-T (HRPT, SINQ, at PSI, in
Switzerland, and D20, ILL, in France, respec-
tively). For In,RuMnO the NPD diagrams were
recorded at RT (3T2, LLB, Saclay in France). The
magnetic susceptibility was measured with a com-
mercial SQUID magnetometer on powdered sam-
ples, in the temperature range 5-330 K.

Figure 2. View of the crystal structure

along c axis.

The structural refinement from RT  high-
resolution NPD data of In,RuMO4 (M = Mn, Fe)
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powder diffraction (NPD) data. In, Ru and M =
Mn, Fe are distributed at random over the metal
sites of a C-M,0; bixbyite-type structure, space
group Ia-3, with a = 9.89000(3) A for M= Mn
and a = 10.07536(4) Aofor M= Fe. The magnetic

properties suggest valence equilibrium Ru**/M**

<> Ru**/M?*. In,RuFeO, shows antiferromag-
netic interactions below Ty ~95 K, with a very

weak ferromagnetism effect at low temperatures.

was performed in the Ia-3 (No. 206) space group,
using the In,O; bixbyte structure as starting model
[8]. At first, we considered that In, Ru and M atoms
were distributed at random at 24d and 8b positions
with 2:1:1occupancy. We assumed that half of the 244
and 8b sites are occupied by In and then the mixed
occupancy of Ru:M over the two sites was refined with
a single parameter, constrained to the departure
stoichiometry. For M = Fe the refinement rapidly
converged in a unique way, with improvement of
the quality of the fit, with a final Bragg R-factor of
2.40%, Fe atoms showing a preferred occupancy of
the 24d sites. For M = Mn, by unconstraining the
occupancy factors of both sites a clear deficiency of
Mn with respect to the ideal stoichiometry was ob-
served. The
In,Mng ) Ru; 5,1)Oy. In this case the final Bragg

final crystallographic formula is
discrepancy factor is of 2.72%. The Mn;O, impu-
rity, segregated from the main phase, was included
as a second phase in the refinement. The quality of
the fit is illustrated in Fig. 1 for M = Mn. A view of

the crystal structure is shown in Fig. 2.

The crystal structure is an assembly of edge-sharing,
distorted octahedral groups: each octahedral coordina-
tion group shares six edges. The first type of metal ion,
In1, has 2 oxygens at each of the distances 2.206,
2.211 and 2.108 A with an average bond-length of
2.175 A for M= Mn, and 2.193, 2.144 and 2.065 A
for M= Fe, with an average bond-length of 2.134 A.
The second type, In2, has 6 equidistant O neighbors at
2.155 A and 2.130 A, for M= Mn, Fe respectively.
The determination of the valences of the metal ele-
ments by the bond-valence theory [9-11] from the In1-
O and In2-O distances is misleading, since the three
elements (In, Ru and M) are distributed at random
over the same crystallographic positions; valences close
to 3% are obtained for In at both Inl and In2 sites,
whereas for Ru too-low valences between 2 and 2.5
are observed, and also 2* for M= Fe, Mn. It is clear
that Ru and M are statistically occupying too big sites
for their ionic sizes; hence an unrealistically low bond-
valence derives from such calculation. Between the
couples Ru**/M** or Ru**/ ", there is probably an
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equilibrium or a partial charge disproportionation effect (Ru’*/
M** > Ru**/M?*).

The magnetic properties of the M = Mn bixbyte phase are
significantly masked by the presence of Mn;O, with spinel

for M = Fe this metal shows a preference for the 24d site. Thus,
we describe a substantial incorporation of magnetic transition
metals into half of the metal positions (s= 1) of In,O;, by simple
thermal treatment at temperatures in the 1300-1400°C range.

structure (Hausmanite). For In,RuFeOy, obtained as a pure
bixbyte phase, ZFC and FC magnetic susceptibilities are per-
fectly coincident (Fig. 3a); the inset displays the reciprocal
susceptibility vs T measured in the FC mode.

A linear Curie-Weiss fit between 100 and 300 K gave
Uy = 7.18(1) py. The calculated value for high-spin Ru**
(S = 2) and high-spin Fe?™ (S = 2) is 6.93 Wy, whereas
for a Ru**(S = 5/2)/Fe**(S = 5/2) configuration, the esti-
mated value of the paramagnetic moment is 8.36 L. The
determined moment suggests a Ru**/Fe’" configuration,
with a slight admixture of Ru**/Fe’*. The observed Weiss
temperature is Oy, = -282 K, suggesting antiferromag-
netic interactions, that may lead to an antiferromagnetic
coupling below Ty = 95 K, were the reciprocal susceptibil-
ity deviates from the linearity (Fig. 3a, inset). The 4 K iso-
therm (Fig. 3b) is linear with a subtle curvature, character-
istic of an antiferromagnetic system with a slight canting or
weak ferromagnetism effect. Low-temperature NPD data
were collected for In,RuFeOy to assess the possible estab-
lishment of a long-range magnetic structure. After the re-
finement of the crystal structure at 2 K (a = 9.8915 Ay,
which basically displays the same features as the RT phase, a
single tiny peak at 43.8° 20 is the only symptom of a long-
range magnetic arrangement. This peak can be indexed with
a propagation vector k = (0, 0, 1/3). The resolution of a
magnetic structure has not been possible from the insuffi-
cient information of magnetic origin exhibited by the pat-

tern. These long-range magnetic interactions are probably

driven by Fe-O-Fe magnetic couplings generated in Fe-rich
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regions of the structure, given that Fe is statistically distributed
with non-magnetic In over the 24d sites (and, in minor pro-
portion, over the 8b positions). Transport measurements dis-
play a resistivity higher than 40x10°W cm™ at 295 K. The
thermal variation of the resistivity was not measured.

In summary, In,RuMOg (M = Mn, Fe) crystallizes in the C-M,0;
or bixbyte structure, as demonstrated from a high-resolution
NPD analysis. For M= Mn, a statistical distribution of In, Ru
and Mn are observed over the 24d and 8b crystallographic sites;
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The magnetic measurements of the Fe compound display anti-
ferromagnetic interactions below Ty ~ 95 K, probably driven
by Fe-O-Fe magnetic couplings generated in Fe-rich regions of
the structure.
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AXE 2:
MATERIALS AND NANOSCIENCES:
FUNDAMENTAL STUDIES AND APPLICATIONS.

The second axis “Materials and Nanosciences: Fundamental Studies

and Applications“, covers the activities related to the research in materials sciences
and more generally in hetero-systems (interfaces, alloys, composites materials, confined
systems). The studies cover detailed structures of nano-objects, interactions between
nano-objects, and the role of nanostructures in composite materials. The length-scales
which characterize the properties of the systems range between 1-100 nm. More specifi-
cally the following areas are addressed at the LLB: Magnetic nanostructures (metallic layers,
oxide epitaxial layers, nanoparticles) studied by diffraction, SANS and reflectometry;
Composite materials (polymer reinforcement by nano-particles, metallurgical composites)
whose properties are studied by SANS; Metallurgy (both fundamental and industrial). Tex-
tures and Strain heterogeneities are studied by diffraction in various alloys or nuclear ma-
terials; Confined systems (microporous materials and organized guest-hosts systems,
mesoporous materials and organized guest-hosts systems) in which the dynamics of the
confined elements can be studied by inelastic scattering techniques; Amorphous materials
(disordered systems — glasses). The local atomic order is also investigated by diffraction.

1) NEUTRON PRECESSION SPECTROSCOPY: A NEW METHOD
TO PROBE IN-DEPTH MAGNETIC MICROSTRUCTURES
P.Thibaudeau, F. Ott, A.Thiaville

2) HOW MUCH WATER DOES PENETRATE INTO THE SILICA
UNDER STRESS?
E. Bouchaud, F. Lechenault F.Cousin, C. L. Rountree

3) SANS/VSANS INVESTIGATION OF POROSITY MICROSTRUCTURE
IN ROCKS FROM A NATURAL CO, RESERVOIR.
G. Bicocchi, R. Magli, A. Brulet, M.-H. Mathon

4-) WHAT ISTHE STRUCTURE OF LIQUID BISMUTH?
E. N. Caspi, Y. Greenberg, E.Yahel, G. Makov, B. Beuneu

5) COMPOSITION AND STRUCTURE OF SOLID SOLUTIONS
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T. Mel'nikova’ G. Kuz'micheva,V. Rybakov, N. Bolotina, A. Cousson

6) SYNTHESIS AND STRUCTURE DETERMINATION OFTHE HIGH
TEMPERATURE FORM OF LA,WO,
M. Allix, M.H. Chambrier, E.Véron, F. Porcher, M. Suchomel,
E. Goutenoire
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Neutron Precession Spectroscopy: a new method to probe in—depth
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An experimental method is presented which al-
lows probing the shape of a magnetic domain
wall. The method is based on the precession of
the spin of neutrons travelling across the domain

wall structure. The technique is experimentally

Polarized neutrons transmission is a technique
developed very early [2] to probe the magnetic
structure of materials. However, Newton and Kittel
have suggested, also early, that neutron spin preces-
sion (without depolarization) could be used to probe
the internal structure of a domain wall, for example
to measure the thickness of a 180° Bloch wall [3]. A
generalization of this idea is presented to a technique
imaging magnetic structures within the thickness of
the sample, through neutron spin precession. A po-
larized neutron reflectometer is used to perform
transmission measurements, over a wide range of

neutron precession paths. As a first non-trivial dem-

of the tech-
nique, measurements
90°
within the thickness

onstration
of a
in-plane Bloch wall
of a
sample are presented. This
wall is stabilized by engi-
neering the magnetic ani-

the film

neutron

across
The
velocity variation is real-

the

(grazing) incidence angle of

sotropy

thickness.

ized by

varying

~N

the neutron beam as shown

Figure 1: Sketch of the experiment geometry and definition of axes

in Fig.1.

and field components: longitudinal (HI), perpendicular (Hp) and

vertical (Hv). The magnetization lies in the plane of the sample

(dgfined by an angle 0 with the z-axis), thefie]d in the plane (\)f
the sample is dgﬁ'ned b}' an angle Y with the z axis, and the neu-

tron beam travels in the x — y plane

films considered here, the
magnetization is confined
into the plane of the sam-
ple. The evolution of the spin direction of a neutron
travelling through the magnetic material is deter-
mined by the classical precession equation. The
emerging spin state is analyzed as a non spin flip
intensity.

Calculated precession spectra (through a numeri-
cal solution of the equation of precession) for sam-

ples with a non-uniform magnetization in the form
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demonstrated on a planar (half)-BIocb wall
created within the thickness of a soft magnetic
double film with equivalent in-plane anisot-

ropies oriented at 90° [1]

of a 90° Bloch wall are shown in Fig. 2, for several
widths & of this wall, indicating the sensitivity of the
technique. In addition, a symmetry of the spectrum
may be observed, depending on the neutron spin..

The experiments were performed on the polar-
ized neutron reflectometer PRISM at the Labora-
toire Léon Brillouin. Precession spectra as a function
of grazing angle were measured for several applied
fields and sample orientations. The smallest inci-
dence angle considered is of the order of 0.7°, for
which the classical precession approach is still valid.
Instead of trying to reproduce every spectrum by a
magnetization profile as a function of position across
the sample thickness, the micromagnetic parameters
for the bilayer that allowed reproducing best one
spectrum (namely with a neutron spin along [010])
were adjusted by trial and error.

It was observed that reproducing this spectrum

did put severe constraints on the micromagnetic

In the magnetically soft(

(a)go
___ 604 e
o0 -
s 1 A | & = 400nm
=S & =200nm
& =100nm
ok == & =10nm
0 100 200 300 400 500

Thickness (nm)

-3 -2

-1 [ 1 2 3 4
Grazing angle ¢ (°)

Figure 2 : (a) Profiles of 90° domain walls with different
thickness (400, 200, 100, and 10 nm) in a 500 nm film.
The magnetization rotates from the (Oz) to the (Ox) axis. (b
-¢) Calculated precession spectra using the parameters of the

experiments. The incident neutron spin is along [100] (b),
oralon(qll/\/Z 1 1/\/2/ (c).
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Figure 3: Experimcnm] transmission Spcctrafor several values Qfa
rotating magnetic field with in-plane components along different
angles, the nominal easy axis of the first layer being vertical. The
applied field has also a perpendicular component so that the neutron
comes with a spin at 45° of the sample plane. The curves show the
result of the micromagnetic modeling followed by the calculation of

neutron spin precession

parameters of the model. The transmission ratios were then
measured for other configurations of applied magnetic fields,
consisting in a perpendicular field H, together with an in-plane
field H;, of varying orientation as shown in Fig.3. The field H,
=400 A/m was applied in order to have a component normal
to the sample plane, a necessary condition to observe asym-
metric spectra. This field is small in comparison with M, and
does not affect the magnetization configuration.

With the sample parameters determined above, micro-
magnetic modeling reproduced very well the series of the 7
spectra measured in this run, proving that we have determined
by this technique the wall profile. Note for example that the
sharp minimum adjacent to this shallow minimum is also well
reproduced, confirming the correct evaluation of the domain
wall width.

This method provides an alternative to polarized neutron
reflectometry for thicker samples. However, it also requires a

non-trivial inversion.
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‘ How much water does penetrate into the silica under stress?

E. BOUCHAUDA, F. LECHENAULT? F. COUSIN® & C. L. ROUNTREE®

A CEA/IRAMIS/SPEC, CNRS
URA 2464, 91191 Gif-sur-
Yvette

B Laboratoire Léon Brillouin,
CEA-CNRS, CEA Saclay,
91191 Gif-sur-Yvette, France

C CEA/IRAMIS/SPCSI, 91191
Gif-sur-Yvette

Corrosion under stress - combined action me-

chanical stresses and corrosion by water in the

(D20) shows a high penetration of water into

the glass. Concentration under the fracture sur-

surrounding atmosphere - is qften the source qf face is so large that it suggests the presence qfa

crack propagation in glasses. A study by neutron
reflectivity at the Laboratoire Léon Brillouin
(IRAMIS / LLB) of samples of silica glass frac-

tured under an atmosphere of heavy water

high damage around the crack tip. These obser-
vations show the need to develop new models of

corrosion under stress.

By observing the slow growth of cracks
caused by the impact of a small stone on the wind-
shield of your car, you will probably see a phenome-
non of stress under corrosion. If your windshield
were under high vacuum, these cracks would not
propagate, because they are not sufficiently mechani-
cally stressed. But exposed to a humid atmosphere,
water molecules are helping mechanical stresses to
allow the growth of cracks beginnings resulting from
the initial shock.

While this phenomenon - and its nui-
sances! - has long been recognized, it is only in the
eighties that the first models appeared. However,
they are not entirely satisfactory: first, they do not

Figure 1: a) Experimental device (red line: neutron beam). b) Broken silica sample, before

the black BAC plates, defining the region of analysis
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take into account the amorphous nature of the glass
structure and on the other hand, they assume that
the chemical reaction (hydrolysis) between the water
and silica, which causes the breaking of atomic bonds
in the glass, takes place in the crack tip and nowhere
else. The aim of our study was to show that when
the glass is under stress, even moderate, the water
enters the glass and damage much more than just

breaking atomic bonds at the crack tip.

We therefore sought to detect the pres-
ence of water in the glass. For this, the measurement
of thermal neutron reflectivity is a technique sensi-
tive to the presence of light elements, which can
even rise by using heavy water (D,0), whose pres-
ence changes the reflectivity ten times more than
usual water (H,0). After the controlled break of
samples of pure silica under an atmosphere of heavy
water, we measured the neutron reflectivity of the
fractured surfaces as compared to that of a sample
"control", not subject to constraints. Fig. 2 shows
the reflectivity measured on the reflectometer EROS
of LLB for two fractured surfaces obtained for differ-
ent applied loads. We see that the reflectivity of
these surfaces is significantly greater than that of the
surface control, evidence for the presence of heavy

water trapped in the broken samples.

In both cases studied, the measurements
indicate an average depth of penetration of heavy
water of about 10 nm below the surface of rupture
with a very high concentration (35% for the load the
lower 57% the highest load) on the first 4 nm.

The diffusion coefficient of water in silica
is very low: a water molecule only could migrate a
nanometer in more than a hundred days! Interpreta-
tion of the reflectivity curves measured then implies
to take into account the acceleration of diffusion
under effect of the constraint, very high at the crack
tip. The relaxation induced by the growth of the



crack, which trap the water released under the fracture sur-
face of the material, changes its reflectivity for neutrons. In
addition, the very high concentration of heavy water, meas-
ured in the first 4 nm below the surface, indicates that the
diffusion under stress of water leads to a heavy damage of the

material by corrosion.

A systematic study of the reflectivity as a function
of the applied load could allow to propose a new model of
stress corrosion of silica glass. The detailed study of this
model system will bringing a new understanding for a phe-

nomenon of great technological importance.

18.005 0.01 " 0.615 0.02 0025 0.03
q(A"

Figure 2 : Measured reflectivity plotted versus the scattering vector. Black

Stars: control sample. Green symbols: fractured surfaces (solid symbols:

greater applied load).

The EROS reflectometer
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Carbon capture and storage (CCS) is considered
a valid option to reduce the CO, concentration in
atmosphere. The gas is collected from industrial
plants, then injected and stored underground in
geological reservoir. A very wide range of infor-
mation about chemical-physical characteristics
of the sequestration site is therefore needed and,
among them, data on porosity microstructure are
crucial. Part of the processes which affect micro-
porosity and act during and after the rocks for-
mation can be reconstructed by studying the

micro-porosity features. We have therefore per-

Introduction

Sequestration of CO, in deep geological reser-
voirs represents one of the potential methods to
reduce anthropogenic emissions into the atmos-
phere. In the long term, the injected fluid dissolves
into the local formation of rocks and, when present,
in saline deep aquifers, participating to a variety of
geochemical reactions. The overall impact of these
processes produces changes in mineralogy, texture,
permeability and porous structure of the rocks, to a
level which depends on the different lithology of the
rocks. These changes can be investigated by consid-
ering what occurs in rocks with natural CO, accu-
mulations, as analogues for geological sequestration.
Also, computer simulations based on thermodynam-
ics, kinetics and geochemical modelling can be bene-
ficial. On the other hand, reliable data concerning
the porous structure, which is so important to trap

CO,, can be hardly extracted

from computer simulations.
Here the preliminary results of
a SANS and VSANS investiga-
tion on rocks pertaining to a
geological context (located in
1 Eastern Tuscany, Central Italy)
1 characterized by the presence

1 of a deep gas reservoir are pre-

ecRie]

Figure 1: Guinier-like plots on some of the TPA data (A=
12 A): Burano rocks (*), Volcanic rocks IG1(+) and IG3 (o)
not affected by CO,, and Volcanic rocks 3864 (x) and 3870
(*) from the bore-well, therefore affected by CO,. Straight

lines represent the linear fit results. Statistical uncertainties

are within the size of the symbols.

sented. The reservoir was in-
tercepted at ~3,700 m depth
by a bore-well drilled in the
cighties and is presently hosting
CO, (calculated
density ~860 kg/m3) at the
estimated pressure and tem-
perature of 670 bars and 120 °

supercritical
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formed a couple of SANS and VSANS experiments
on rocks coming from a CO, reservoir (which
represents a natural analogue of a CCS site) in
order to define the role and the possible effects of
CO, alteration in determining the micro-porosity
and to check the sealing potential of rocks over-
lying the reservoir, which act as a barrier with
respect to CO,-rich gas. The collected data are
expected to be beneficial for developing theoreti-
cal model about the effects of CO, sequestration

in deep geological reservoirs.

C. Texture and mineralogy of volcanic rocks sam-
ples, from drill cores located into the reservoir in
the 3,864 to 3,871 m depth range, were found heav-
ily modified by the interaction with CO,-rich fluids
1].

Experimental Settings

SANS experiments on sedimentary, volcanic and
metamorphic rocks have been reported since late
eighties (e.g. [2],[3] and [4]). This non-destructive
method was proven to be a powerful tool for getting
information about porosity microstructure in rocks
(e.g. dimension, distribution and shape of pores, see
[5] and references therein). We have carried out two
neutron scattering experiments: the first one using
the PAXE diffractometer and the second one with
the VSANS (Very Small Angle Neutron Scattering)
TPA diffractometer. The two experiments covered
globally the ~ 6-10* to ~ 3-10"! A1Q range, which
in direct d-space means from ~ 1 pym to ~ 4 nm.
Samples of rocks from the reservoir and a selection
of possible analogues of the same volcanic rocks,
unaffected by CO, presence, were chosen for the
experiments together with rocks, from outcrops,
corresponding to the geological layers immediately
overlying the reservoir. These samples are represen-
tative of different volcanic rocks and of sedimentary
rocks bearing gypsum, dolomite, calcite. Samples
have been thinned down to 2 and 5 mm thick slices;
also, the sample corresponding to 3,870 m depth
was cut in 5 different slices from 0.7 to 5 mm thick-
ness, respectively. Indeed, previous studies [4]
showed evidence that, depending on the wavelength,
for thicknesses larger than 2 mm and for Q values
smaller than 103 A" the effect of multiple scattering

(MS) can be of some relevance.



Experimental Results and Discussion

In this work we address two questions: a) which is the
average pore size and b) which are the fractal dimensions
shown by the selected rocks. For point a) the average pore
size has been evaluated on samples with 2 mm thickness
looking at the lower Q-range investigated with TPA (4 = 12
A) and applying to the data a Guinier-like model

In(l) = AQ’ + B, where I is the detected intensity as a
function of the wavevector Q. Some of the resulting curves
are shown in Fig. 1. The radius of the assumed spherical
pores, related to the 4 coefficient, comes out to be roughly
between 3300 and 4100 A with a 0.1% uncertainty for the
volcanic rocks samples of the bore-well, while is significantly
smaller, i.e. approximately between 2000 and 3100 AEoa
%) for the possible analogues of the same volcanic rocks
coming from outcrops and therefore believed not affected by
CO,. Moreover, it is worth mentioning that the radius for the
Burano samples comes out to be by far the smaller, being
roughly 1600 A, so confirming the sealing role of those rocks
overlying the reservoir. Concerning point b), if the data are
modeled with a generalized Porod behaviour, ie. with a
power law I(Q) = I,Q* + B, from the exponent x  the fractal
dimension D, for surface (3 < x < 4, with D, = 6-x) or D, for
mass/volume (2 < x < 3, with D, = x) can be derived [6].
We have applied this approach to the PAXE data (4 = 7.8
A) in the 1.13-5.58-10° /o\'lrange. Some of the results curves
are displayed in Tab. 1. The values of D, for the CO, altered
volcanic rocks lay in a wide range from 2.11£0.03 (depth
3,864 m) to 2.76%0.05 (depth 3,870 m), showing differ-
ences of more than 30%. A similar dispersion of values is also
present in the bulk chemical (ICP-MS analysis) and minera-
logical composition (XRD Rietveld refinement) of the inves-
tigated rocks. Both chemistry and mineralogical assemblage
are consistently different from sample to sample, although
they pertain to a contiguous drill core which is less than 10
meters long. In contrast, the D values relative to the ana-
logue volcanic rocks, unaffected by CO, alteration, are con-
fined between 2.3310.04 and 2.521+0.04, although these
rocks come from different geological context. In the bore-
well rocks the very different chemical and mineralogical
composition and the wide range of D, values found, can be

interpreted considering that chemical alteration due to CO,-

References

rich fluids proceeded not homogenously, likely due to the
circulation of fluids in preferential paths. Moreover, it is
worth mentioning that, for those rocks, there is a direct cor-
relation between the radius of gyration and the D,, i.e. higher

values of surface fractal dimension are associated with larger

Table 1: Surface fractal dimension Ds from a generalized Porod
law applied to some of the PAXE data (A = 7.8 A).

Sample ID | D,
Rocks not affected by CO,

Burano 2.41%£0.09
IG1 2.361 0.05
IG3 2.521+ 0.04
1G2 2.331+0.04

Rocks affected by CO,
3864 2.11+£0.03
3866 2.13+0.06
3867 2.45% 0.05
3868 2.341+ 0.05
3870 2.76% 0.05
3871 2.631+0.05

pores sizes.

Conclusions

Several experimental approaches have been combined to
get microscopic information on porosity and fractal features
of rocks coming from a natural CO, reservoir as compared to
similar rocks not affected by CO,. Among these approaches,
the VSANS experiment allowed a preliminary determination
of the average pore sizes, with indications of possible effects
due to the CO, presence. Work is still in progress to deepen
the analysis so that the shape of the pores can be evaluated
and also a quantitative assessment of the porosity can be
achieved. The SANS results about the surface fractal proper-
ties indicate a dispersion of the fractal dimensions for the
bore-well rocks significantly larger than for the values found
in rocks not affected by CO, presence. This confirms the
results of chemical and mineralogical analysis, which give
clear indications that chemical alteration due to CO,-rich
fluids has affected the rocks along the paths chosen preferen-
tially by those fluids. The collected data are expected to pro-
vide some help for developing theoretical model about the

effects of CO, sequestration in deep geological reservoirs.
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The structure of liquid Bismuth is probably the
best-studied among elemental liquid metals be-
cause of a combination of the interesting physi-
cal properties of Bismuth and its excellent neu-
tron scattering properties. Transforming the
structure factor into the radial distribution in-
troduces new sources of error which causes the
scatter to be greater than that required to resol-
ve issues such as the existence of liquid-liquid
phase transitions in Bi and to obtain correlation
between thermo-physical properties and structu-
re. Over the last six decades there have been

more than 10 independent studies of the structu-

The radial distribution function (RDF) cannot be
measured directly in real space. Instead, the liquid

structure factor is obtained from the diffracted inten-

liquid Bi near the melting point
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Figure 1: (top) various measurements of liquid bismuth structure factor

near the melting point over the last 60 years. 12

(bottom) high q range

of the structure factor.

sities by a series of approximations and corrections
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re of liquid Bi, near the melting temperature.
This high number of measurements provides an
opportunity to compare these results and to ana-
lyze the different sources of error contributing to
the calculated pair distribution function. We
consider the contribution of different parameters
when transforming the structure factor to the
radial distribution function. In particular, we
vary the analysis procedure and the experimen-
tal configuration to demonstrate that an inva-

riant structure factor can be obtained.

to account for scattering and absorption in the sam-
ple and the experimental setup. Following the appli-
cation of these correction procedures, the accumu-
lating systematical error in the case of neutron scat-
tering from heavy elements is of the order of 4-5 %.
[1-4]. An additional error is introduced by the meas-
urement of a finite range of the momentum transfer,
q, introducing errors into the RDF, most notably
short wavelength oscillations (i.e. numerical noise).
These oscillations may affect the interpretation of
the RDF, and in particular prevent identification of
small changes therein.

Here we report on two separate studies, 5 years
apart, of the structure of liquid Bi at ambient pres-
sure that we have performed at the 7C2 diffractome-
ter at Saclay. Using different experimental setups,
we show that the structure factors obtained agree to
better than 1%. Using this structure factor as a refer-
ence, we compare a large number of experimental
studies of liquid Bi at ambient pressure in order to
investigate the experimental scatter in the structure
factor and find out its significance. We then explore
how the errors in the experimental determination of
the structure factor affect the calculated RDF, focus-
ing on two main issues: sensitivity to convergence in
the high q range and choice of q,,,.

Structure factor — S(q). In this work, we have
the opportunity to compare our two measurements
separated over 5 years using different setups, on the
same instrument. This comparison can be under-
taken to a high accuracy, while removing extrane-
ous, non-physical sources of experimental scatter.
The ratio between these two measurements of liquid

bismuth S(q) shows that the deviation is typically less
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than 1% i.e. of the order of the statistical noise (Fig. 1). This
is an indication that the obtained structure factor is indeed
“physical”. Nevertheless, since the analysis methods were the
same in both cases, a systematic error due to uncertainties in
dimensions of the diffractometer’s components within the
beam path used for the absorption corrections [1], and the
approximation made in the inelastic scattering corrections
[3], cannot be ruled out. We compare our results with
previous studies over the last 6 decades (Fig. 1).
Clearly, the positions of the maxima and minima are
essentially the same, as expected. In contrast, the am-
plitude of S(q) varies considerably between the meas-
urements. The magnitude of the variation is ~30% in
(S(q)™") even for the first peak in S(q). Moreover, rela-
tive scatter between measurements increases with in-
creasing q. Finally, all measurements reduce to noise

with the typical q,,,, of 10 A", with the exception of

our results at 7C2 which extend to approximately 14 A 1
! keeping a reasonable signal to noise ratio (Fig. 1b). 0z
Radial distribution function — G(r). Due to the experi-

mental constraints, S(q) can be determined only up toa f; qure

value q,,,.. A naive approach is to use the maximum
amount of q range available in the data, and, trivially,
to aim for the longest measurement time. The effect of
measurement statistical noise in determining the struc-
ture factor on the RDF was found to be negligible when
number of neutron counts was increased sixfold.

We find that the oscillations in the RDF associated with
the finite q-space measurements may increase with increasing
Qmax- We consider the effect on the calculation of G(r) of
using different cut-off values [q,,,, at the S(q) measured data]
at selected positions from a positive to negative node in S(q)
(cf. Fig. 1). Choosing the cut-off at a node, [S(q,,,,)=1], leads
to a reduction in the oscillations with better results at a posi-
tive node. Choosing the cut-off at the highest available posi-
tive node requires caution if q,,, is in the region where the
statistical noise is too high as illustrated by considering alter-
native choices of g, determined by the positive nodes of S
(q) (Fig. 2). requirement is met at a node, i.e. if S(q,,,,)=1. If

we require that the variations in Je/9r are minimal, i.c.,
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2: Liquid bismuth RDF as determined from the S(q) measured at

2006 on the 7C2 diffractometer at Saclay. Different curves represent dif-
ferent q,,,, cut-offs in the S(q) data. All cut-offs were chosen at a positive
node, i.e. 5(q,,)=1, and dS(q=q,,,,)/dq>0.
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In the Bi,0,—SiO—V*O; system, single crystal
solid solutions of the sillenite family are ob-
tained by a hydrothermal method and character-
ized by neutron and X-ray diffraction analysis.

For the first time, desymmetrization of the struc-

The phases BiM,0, or Biy(M,M’),0,, with
sillenite structure (y-Bi,Os, sp.gr. 123, z=13 or Bi
(1),4Bi(2),040.4, z = 1; coordination polyhedra of Bi
(1) and Bi(2) are distorted semi-octahedron and
tetrahedron, respectively) have physical properties
(photoconductivity, piezo-and electrooptical effects
and so on) depending on the composition, including
the occupancy of each crystallographic position in
the structure, which in most cases does not corres-
pond to the nominal composition.

A structural feature of Bi,,M,0,, sillenites is two
(BiO;) dimers that are linked by regular (MO,) te-
trahedra with the same (BiO;) dimers forming a
closed group [ 1].

Based on the performed analysis of the available
structural data [2-5], the conclusion may be drawn
about the possible formation of solid solutions of the
sillenite family with both defect and defect-free posi-
tions M, without and with splitting of the position of
the O(3) atom into two positions with the formation
of different size tetrahedra, with the appearance of
additional positions for incorporated O,(4) atoms in
the structure.

The purpose of this work is the determination of
the composition and the study of the structural fea-
tures of Bi,,(Si,V),0,, solid solutions with the sil-
lenite structure, which have not been investigated
yet.

The objects of the study were shapeless green
and orange single crystals with a diameter to 7 mm
of the initial composition Bi,,(V,Si;_,),0,, which
were obtained by a temperature difference method
during hydrothermal synthesis in the form of nodules
on Bi,,Ge,0,, seed crystals. A neutron diffraction
study of green (sample 1) and orange (sample 3)
single crystals of the nominal composition Bi,,
(V. Siy,),0,, with the dimensions of ~3x3x3 mm was
carried out on a four-circle single crystal diffracto-

meter mounted on the 5C2 channel of a hot source
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ture (a transition from the 123 space group into
P23) is revealed, which is caused by the presence
of several atoms in one crystallographic position

and also by crystal growth conditions.

of the Orphee reactor (LLB, France; A = 0.828 A)
of the
(~0.2x0.2x0.1 mm) (sample 2) and the orange crys-

Measurements shapeless green crystal
tal (sample 4) rounded in the form of a sphere
(diameter ~0.2 mm) of a similar composition were
performed on an X-ray Xcalibur S diffractometer
(Oxford Diffraction) with a two-dimensional CCD

detector at room temperature (MoK, radiation)..

The crystal structure of all crystals was refined
by the full-matrix LSM in the anisotropic approxima-
tion for all atoms with the JANA2000 [6] and
SHELXL97 [7] programs, the possibilities of the
SHELXL97 program being used to determine the
presence of more than two atoms in one position.

In the refinement of the structure and composi-
tion of the studied samples using the SHELXL97,
JANA2000 programs the following results were
obtained:

Vacancies are absent in the position Bi(1) of all
studied phases.

In the refinement of the occupancy of oxygen
positions, vacancies were found in the position O(3)
in all phases.

The refinement of the structure of all samples
with different initial ratios of Si
and V atoms in the position M (Si = V, Si >V,
Si < V) using the JANA2000 program resulted in the
negative values of thermal parameters, which indi-
cates the presence of a heavier atom (which can be
only the Bi atom) in this position. The subsequent
refinement with the SHELXL97 program of the
occupancy of the position M with a different initial
ratio of three atoms (Bi, V, Si) at fixed thermal pa-
rameters of this position and also the subsequent
combined refinement of thermal parameters and the
occupancy of this position resulted in the correct

values of isotropic thermal parameter.
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The results of the refinement of the occupancy of all
positions, thermal parameters, and interatomic distances
agree with the literature data [ 1, 3, 4 ]. The weighted avera-
ge values calculated by VBM of the formal charge of atoms in
the position M, sample color (green and orange due to V**/
V** ions respectively), the fulfillment of the condition of
electric neutrality, the minimum value of R-factors allow us
to write the compositions of the studied samples in the form.

Biyy [Bi 00153 (V475 V2 )o.205 Si*0 55002 (O39.972) Hoos)

(Green samplel),

Biyy [Bi 05000, (V45 V> ).200 Si* 055002 (O3990 Do)

(Green sample 2),

Bisy [Bi* 0 2263 V" 0.199 Si* 057512 (039,03 Ho.on)

(Orange sample 3),

Biy, [Bi**) 1043 V> 0,073 Si* 063312 (O39.0000 O, )

(Orange sample 4).

We have analyzed the causes of the appearance of addi-
tional electron (nuclear) density peaks with 0.50—0.92 ¢/
A3, which could be taken as the coordinates of the incorpora-
ted oxygen atoms (1/2 0 0):

— the initial model of the structure is incorrectly selec-
ted for the subsequent refinement (occupancy of the position
M only by Si and V atoms, i.e. the absence of some number
of Bi atoms in this position; incorrectly selected enantiomor-
phous form),

— absorption is incorrectly taken into account.

An analysis of all diffraction reflections made it possible
to reveal for samples 1 and 3 some number of reflections of
the hkl form with h + k + [ # 2n, Okl with k + 1 # 2n, hhl
with 1# 2n, hOO with h # 2n, which cannot be indexed in the

P23 space group. Nothing similar was found for samples 2

and 4. This phenomenon (the kinetic (growth) phase transi-

Mounting a shield on 5C2 close-cycle cryostat.

tion of the order—disorder type we first discovered for the
phases with the sillenite structure in the Bi,O;—SiO,—Mn**
system [8], and now for the phases in the Bi,0;—SiO,—V,**
—O; system. Polymorphism observed in sillenites is due to
both crystal chemical factors (the presence in the structure of
positions that are jointly occupied by several atoms different
in size, formal charge, electronegativity) and preparation
conditions (crystallization under hydrothermal conditions

close to equilibrium at a temperature below 400 °Q).
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Intensity (a.u.)

This work, published as an article in Crystal
growth and design[l], presents the synthesis, the
structure determination and the structure analy-
sis of the La,WO, high temperature phase,
namely a-La,WOy. The structure has been deter-
mined ab initio from room temperature electron
diffraction coupled to synchrotron and neutron
powder diffraction refinements using the charge

flipping algorithm. a-La,WOi crystallizes in the

Oxides from the Ln,0,-MO; (M = Mo and W)
systems are currently studied for their laser host
application, ionic conduction, catalytic and ferro-
electric properties. In situ high-temperature labora-

tory XRD study was performed up to 1600°C
(Fig. 1)

The first diffraction peaks of the alpha poly-
morph appeared at 1490°C, in good agreement
with the DSC measurements. Both forms then
coexist up to 1540°C. At this temperature, the
reflections attributed to the f-La,WO, completely
disappeared, indicating that the phase transition
was complete. In order to determine the structure
of the high temperature form, we have then at-
tempted to stabilize the 0-La,WO, form at room
temperature by quenching the sample from high

temperature .

- 1540°C
1530°C
1510°C
1500°C

s - r oas 1490°C

— 1480°C

1470°C

T T T T T T T T T T T
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20 {%)

Figure 1 : In-situ ‘Y—I’(J}’ djfﬁructogmms recorded versus Lempcru—

ture starting from the b-La,WO,. The a polymorph appears at
1490°C and the b phase remains up to 1540°C.

A small amount of the B-La,WO, phase was then
heated up to 1600°C for 15 minutes in a large plati-
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Pm2 n (n°31) orthorhombic space group, with
Z = 6, and has the following cell parameters:
a 16.5513(1)4, b 5.52003(3)A4,
c= 8.88326(3)A. The structure, which consists of
regular paving between six [WOg4] octahedra

alternating with twelve isolated lanthanum at-
oms, has been compared to the f-La,WO,[2] low
temperature polymorph.

num crucible allowing to have only a thin layer of
sample covering its bottom. The crucible was next
rapidly quenched in water. X-ray diffraction of the
obtained sample showed pure 0-La,WO, phase. Cell
indexation has been performed by electron diffrac-

tion analysis (Fig. 2) on several crystallites resulting

*[100)

>
e @ o o

Figure 2 : Electron diffraction patterns of &-La, WO, phase
recorded along the [001] and [100] directions.

from the quenched sample.

The reconstruction of the reciprocal space eviden-
ces an orthorhombic cell with a = 17 A; b~ 5.6 A
and ¢ ® 9 A. No condition limiting the general hkl
reflections was observed during the reciprocal lattice
reconstruction, leading to the assignment of a primi-
tive lattice. The only extra condition hk0: h+k=2n
due to the presence of a n glide along ¢ restricts the
choice to one of the 3 following space groups: Pmmn;
P2,mn and Pm2n. The synchrotron data, the cell
parameters and the different space groups have been
introduced in the Jana software[3] equipped with the
Superflip program[4]. The charge flipping algorithm
found easily a solution and led us to close cationic
models for the three possible space groups. Six catio-
nic positions were indeed identified, three of them
on a 2a Wyckoff site and the other three on 4b sites.
At this stage, their assignation remained rather diffi-

cult without having pushed forward the elucidation.
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Figure 3 : (Left) refined diffraction patterns from neutron data (3T2 diffractometer, LLB). (Right)

Crystal structures of the [3 and a-La,WO, polymorphs.

However, the most symmetric Pmmn space group turned out
to be unable to model any distortion, resulting in huge ther-
mal factors, especially along b when using anisotropic fac-
tors. On the other hand, the Pm2,n model could fit easily the
structure and especially these distortions, with correct relia-
bility factors and acceptable thermal parameters. Once the
cations were positioned within the cell, some of the most
obvious oxygen positions were then localized thanks to Fou-
rier difference maps. At this point, the assignation of La and
W species to the cationic positions became feasible thanks to
the differentiation between the La-O and W-O bond length
values, respectively typically within the 2.4-2.6A and 1.7-
2.0A ranges. In order to complete this model with the mis-
sing oxygen positions and to obtain more reliable thermal
parameters, we have then recorded neutron powder diffrac-
tion data. The incomplete structural model determined pre-
viously by powder synchrotron data refinement was
used as a starting model. The remaining oxygen posi-
tions appeared then clearly using Fourier difference
maps. Finally, a mixed refinement has equally been
undertaken from both synchrotron and neutron dif- §

fraction patterns using absorption correction.

Both tungsten atomic positions present usual dis-
torted octahedral environment. The whole structure

can thus be described as six [WO] octahedra units Sl

alternating with 12 isolated lanthanum atoms. These lantha-
num atoms are surrounded by 7 to 9 oxygen atoms, forming
large polyhedra. The 4,BX; structure could be described as an
ordered Fluorine structure: 3xCaF, = 4,BX.entity. An ionic
conductivity was performed by complex impedance spectros-
copy. The Arrhenius plot of the 0-La,WO, exhibit a remark-
able variation of the conductivity versus temperature. Be-
tween 480°C and 620°C, a linear evolution of the conductiv-
ity is observed. At 640°, the plot show a drastic decrease
wich can be linked to the 0—f La,WO, phase transition.

One can notice that 0-La,WO, is more conducting than B-

La,WO, within one order of magnitude and reach a conduc-

tivity value of 5.5X10*S/cm at 620°C.

S0

The High-resolution thermal diffractometer 3T2
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AXE 3:
SOFT MATTER AND BIOPHYSICS.

The third scientific axis concerns soft matter and biophysics. Flourish-
ing of many new systems, combining different components, many involving nanoscales
(1-100 nm) has become a major current trend in soft mater. At LLB, researchers have
developed in similar directions keeping some of the historical specificities of the lab:
involving polymers is one of the components illustrating the advantages of neutron
scattering, i.e. labelling and contrast matching, while we often marry the reciprocal
space (SANS but also SAXS) with other techniques, in real space or at macroscopic
scales. The following topics are investigated: nanoparticles and hybrid systems; organic
systems and self-organization; polymer dynamics; electrostatics complexes. The re-
search at the interface of physics and biology is based on three main topics: 1) Proteins
in complex media viewed as model systems for living environments. Experiments are
concerned with macro- or supra-molecular scales and their analysis is strongly influ-
enced by our background in polymer physics, statistical physics and phase transition
physics; 2) Local dynamics of proteins and hydration water in relation with the dy-
namical transition of proteins and their enzymatic activity. Neutron scattering tech-
niques, that are very sensitive to protons, are particularly suitable for these studies; 3)
Water and its specific properties are fundamentally related to life and to the very pecu-
liar properties of some biological molecules like proteins. Here, water properties are
studied in relation with the dynamics of hydrogen bonds network, the notions of hy-
drophobicity and confinement.

1) FOAM LASTING FOREVER AND COLLAPSE AT WILL!
F. Cousin, ]J.-P. Douliez, A.-L. Fameau

2) PACKING OF SYNTHETIC POLYELECTROLYTES IN VIRAL CAPSIDS
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C. Sanson, O. Diou, ]J. Thévenot, E. Ibarboure, A. Soum, A. Briilet,
S. Miraux, E. Thiaudiere, S. Tan, A. Brisson, V. Dupuis, O. Sandre
& S. Lecommandoux

4) SUPRAMOLECULAR ASSEMBLIES OF PLURONICS
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CRYSTALLINE NANO-PLATELETS
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5) INVESTIGATION OF POLYMER HYDROGELS WITH MEMORY
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Soapy solutions thatfoam, this is not extraordi-
nary; a soap foam stable for several months even
at 60 ° C, it is more, and especially if the foam is
produced by "green chemistry" from a natural
substance. Finally, the foam can be destroyed
quickly by simply changing its temperature and

this, reversibly. In summary, it is the work car-

ried out by teams from INRA, CNRS and CEA,
which opens up new applications of interest to
manufacturers of cosmetics or detergents. The
results of this research are published in the jour-
nal Chemie, 29

Angewandte August.

Because of their particular texture and their cons-
tituent molecules, foams often have detergent pro-
perties. The molecules that are essential to disperse
in water to make foam are called "surfactants". They
migrate spontaneously at the water-air interface,
which helps stabilize the thin water films around air
bubbles in the foam, according to a specific architec-
ture. Because of their properties, foams have many
applications in areas such as cleaning, decontamina-
tion, cosmetics, fight against pollution and fires,

food, or extraction of natural resources.

Researchers at INRA, CEA and CNRS have stu-
died here a special surfactant molecule, the 12-
hydroxy stearic fatty acid extracted from castor oil.
To disperse the molecule initially insoluble in water,

they have added salt. They then demonstrated the

6 mois

initial

-

Figure 1: A stable foam over 6 months! (at room temperature)
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very advantageous properties of the surfactant: even
in small amounts, it produces abundant foam and
above all stable for more than 6 months (Fig. 1),
unlike conventional surfactants that stabilize foam a
few hours only. The researchers observed and ex-
plained this phenomenon using microscopy and neu-
tron scattering, to monitor in situ the evolution of

the structure at the nanoscale.

Thus, they showed that in a range of temperatures
between 20 and 60 © C, the 12-hydroxy stearic acid
fatty acid, mixed with the "good" salt is dispersed in
water in the form of tubes of a few microns. These
tubes then form a perfectly stable and rigid structure
in thin films of water placed between the air bubbles

which explains the stability of the foam.

Beyond 60 ° C, the tubes are divided into spheri-
cal assemblies thousand times smaller (few nanome-
ters), called "micelles". The previously stable foam
then collapses because the rigid structure disappears.
Researchers have shown that this transition from an
assembly of tubes in an assembly of micelles is
"reversible." Indeed, if one increases the temperatu-
re of a foam, its volume will decrease due the forma-
tion of micelles, and if one lowers the temperature
between 20 and 60 © C, the tubes re-form and the
foam is stabilized again (to recover the initial volume

of foam, one would still have to inject air, see Fig. 2.

The formation of stable foam with a surfactant
molecule as simple and natural is a first. The transi-
tion temperature between the state where the foam
contains tubes, and the state "micelles", depends on
the salt chosen to disperse the molecule into the

water, increasing its potential use.
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This green chemistry, since it comes from a bio-
molecule, opens up interesting prospects for foams
widely used in industry. It would be possible to produ-
ce such detergents or shampoos which can control the
amount of foam by simple effect of temperature and

thus facilitate their evacuation.
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Figure 2 : Time evolution of foam volume, combined with a temporary rise in
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Some cosmetics require many elements to obtain stable
foam, the use of the 12-hydroxy stearic fatty acid
would limit the amount of synthetic elements while

retaining the properties "foaming" longer.

Stable Unstable
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Angewandte

Figure 3 : Structure locales desjbrmes superstables et instables

des mousses.
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Viruses are natural examples of “nanomachines”
combining remarkable structural and functional
properties which should inspire the design of
artificial systems. Virus-based nanotechnology
takes advantage of the natural circulatory and

targeting properties of viruses in order to

still unclear. The aim of our project is to identify
parameters governing the encapsulation and
control them. To do so, we study the packing of
synthetic polyelectrolytes into viral capsids de-

void of genome.

design therapeutics and vaccines that spe-
cially target tissues of interest in vivo. Vi-
ruses can act as nanocontainers and encap-
sulate synthetic materials for delivery ap-
plications. The conformation of encapsula-
ted genome, the self-assembly mechanisms
of protein capsid and the interactions bet-

ween capsid and packed polyelectrolyte are

Protein Capsid

Disassembly

The mechanisms of genome packing, the interac-
tions between capsid proteins and nucleic acids, and
the conditions to obtain properly formed objects
are still largely unknown and debated. The aim of
this work is to study the conformational changes of
a synthetic polyelectrolyte with different masses
upon encapsulation into a viral shell. We used the
capsid proteins of cowpea chlorotic mottle virus
(CCMV), a self-assembled icosahedral virus, which
has a multipartite genome consisting of four genes
spread out over three different RNA molecules.
The RNAs are packaged in identical T = 3 capsids
of 180 proteins, capable of encapsulating poly
(styrene sulfonic acid) (PSSA) [1].
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Fig .1: SANS scattering curves cl)fnative CCMYV virus. Blgf]br
solution is 100% D,0 and 1M NaCl. The black line repre-

sents the fit of a multi core shell model.
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To compare the behavior of PSSA to that of RNA,
we measured first at the Institut Laue Langevin
(D22 beamline), the scattering pattern of RNA and
capsid together in a buffer containing 100% D,O.
Small angle neutron scattering provides us with
information about shape and size, as well as the
internal structure of the assembly, i.e. the space
occupied by the RNA and the thickness of the pro-
tein capsid. The intensity curve shown in Fig. 1 can
be fitted by a multi core shell model. Fitting pa-
rameters obtained from SansView with a model of
two shells are: hollow core radius = 60 A, thick-
ness of RNA = 42 A, thickness of proteins = 35 A
with a polydispersity of 10%. This model revealed
the existence of a hollow core in the virus.

After verification by transmission electron micros-
copy (TEM) of the encapsulation of the PSSA into
CCMV capsid (devoid of genome), we studied size
changes of CCMV capsids induced by the presence of
PSSA of different masses. Using small angle neutron
scattering at LLB (PACE beamline) and contrast
variation method, we matched the signal of deuter-
ated PSSA with a solvent containing 100% D,0O, and
we measured only the contribution of the capsid
protein. In Fig. 2 we compare the scattering inten-
sity curves of an empty capsid and capsids encapsu-
lating PSSA (600 kDa and 8 kDa), with a ratio of
protein/PSS=2/1.
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Figure 2: PSSA-D is matched with 100% D0, the scattered intensi-
ties arise solely from protein capsids. pD = 4.8 and 1M NaCl.

We observe that the first oscillations from the curves of filled
capsids are shifted to the large angles compared to empty
capsid. Curves were fitted by a core shell model. The thick-
ness of the shell was fixed to 35 A, namely the thickness of

the virus shell. Fitting parameters are in Table 1.

Figure 2: TEM image obtained with negative staining qfempt)/
capsids in the top and §kDa PS

Table. 1
Core radius Polydisper-
A sity
Capsid 110 23%
Capsid + PSSA (600 kDa) 56 25%
Capsid + PSSA (8 kDa) 49 15%

The capsids are flexible: they adjust their size and become
smaller when containing PSSA.The results show that the core
radius increases slightly with PSSA mass. The size shrinking
of filled capsids was confirmed by TEM observations (see
Fig.3).

To verify if the amount of filled PSSA may have an influence
on the structure of capsids, we varied the ratio of protein/
PSSA in the assembly. We compared assemblies involving
8kDa PSSA at ratio of 2/1 and 4/1. The results are shown
in the Fig. 4. The first oscillation is in the same position for
both curves. Fitting parameters for 4/1 ratio are: core
radius = 46 A with polydispersity of 23%.

They are very close to fitting parameters arising from the
ratio 2/1. A ratio of 9/1 was studied by TEM and showed a
similar diameter. Those results show that up to a ratio of
2/1, capsids keep the same diameter..

This work is completed by time-resolved X-ray experiment
at the ESRF (ID02 beamline) which allowed us to elucidate
the kinetics of self-assembling capsid proteins either alone or

with a core material [2].
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Figure 4: Scattered intensities from assemblies of protein/PSSA ratio of

2/1 and 4/ 1, PSSA-D is matched with 100% DZ20.
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Figure 1: Dually-loaded vesicles prepared by addition at con-
trolled speed of an aqueous buffer into a mixture in DMSO of
PTMC-b-PGA (m=19 and n=24), doxorucin and magnetic
nanoparticles coated by the BEY surfactant of given formula
(bottom sketch). The cryo-TEM image (top right panel) shows
a vesicle wrapped by a mantle of MNPs, which excitation by a

RF magnetic field heats up the membrane locally and acceler-

ates the DOX release .

Hydrophobically modg'fied magnetic nanoparti-
cles (MNPs) were encapsulated within the mem-
brane of poly( trimethylene carbonate)-b-pon(L-
glutamic acid) (PTMC-b-PGA) block copolymer
vesicles using a nanoprecipitation process. This
formulation method provides a high loading of
MNPs (up to 70 wt %) together with a good con-
trol over the sizes of the vesicles (100 — 400 nm).
The deformation of the vesicle membrane under
an applied magnetic field was evidenced by ani-
sotropic SANS. These hybrid objects display con-

trast enhancement properties in Magnetic Reso-
nance Imaging, a diagnostic method routinely
used for three-dimensional and non-invasive
scans of the human body.[1] They can also be
guided in a magnetic field gradient. The feasi-
bility of drug release triggered by magnetic in-
duction was evidenced using the anticancer drug
doxorubicin (DOX), which is co-encapsulated in
the membrane. Magnetic polymersomes are thus
proposed as multimodal drug nanocarriers for
bio-imaging and magneto-chemotherapy.

In the new field of nanomedicine, a great variety of
polymeric drug delivery nanocarriers have shown
efficient entrapment and controlled release of drugs
in vitro. However, evaluating the fate of the carrier
after injection in vivo is a delicate task: as a conse-
quence, an imaging probe is usually co-encapsulated
with the drugs in the polymer nanoparticles. Such
multifunctional nanocarriers

Nyt for cancer diagnostics and

treatment open the field of
" “theranostics”, i.e. combina-
tion of imaging and thera-

« peutic functions in “all-in-

one” mnanoparticles.[2]
2 Among the different
}5-,‘3 nanoparticles used in bio-
MO TR G

** technological  applications,

superparamagnetic nanocrys—

COOH

tals made of y-Fe,O; around
10 nm in size are of particular
interest since they are bio-
compatible and offer contrast
enhancement in MRI. In addi-
tion, MNPs can also be imple-
mented to induce cancer cells
o apoptosis. Local heating is

! | obtained by exposure to radio-
O__‘fn_ p——n frequency magnetic fields in
' the frequency range 100 kHz —
1MHz, due to thermal dissipa-

tion by the magnetic moments

OH

forced to oscillate at the fre-
quency of the applied magnetic
field. Hyperthermia therapy
(i.e. treating by heat) has been
recognized as a promising
form of cancer therapy, par-
ticularly in synergy with
chemo- or radio-therapy.[3]
For a solid tumor located not
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too deep under the skin (such as melanoma), a con-
ventional hyperthermia treatment is applied, the
cancer cells being destroyed by the heat shock. We
proposed a totally different strategy with a polymer
vesicle delivering a drug through the temperature
increase induced by radiofrequency magnetic fields
not macroscopically but locally, at the scale of the
membrane: the MNPs being confined inside the
polymer block, the heat dissipates in the vicinity of
the polymer membrane, which strongly impacts its
permeability. Therefore we called this strategy
“magneto-chemotherapy” as depicted on Fig. 1.[4]

In this highlight paper, we describe a convenient way
to prepare fully biodegradable polymersomes featur-
ing a dual magnetic and thermo-responsive mem-
brane. The hydrophobic core of membranes is made
of the PTMC semi-crystalline blocks and the hydro-
philic leaflets arise from the PGA polypeptide blocks
of the copolymer. One pot nanoprecipitation
(Fig. 1) leads to dual-loaded vesicles with iron oxide
MNPs of appropriate size and coating (BEY) embed-
ded within the membranes together with the antitu-
mor drug doxorubicin. The amphiphilic diblock
copolymer was synthesized by ring-opening polym-
erization of p-benzyl-L-glutamate N-
carboxyanhydride initiated by amino functionalized
PTMC macroinitiator upon a previously published
method.[5] PTMC,,-b-PGA ypresents a hydrophilic
weight fraction of 50 wt % for an overall molar mass
M, = 4900g/mol with a dispersity index 1.15. On
the other hand, magnetic iron oxides MNPs were
synthesized in water by alkaline co-precipitation of
ferrous and ferric salts followed by coating with a
surfactant called Beycostat (bottom sketch on
Fig. 1). The gyration and hydrodynamic radii of
these MNPs were respectively R*VF=3.0520.06



Membrane thickness & (nm)
4

nm and R,/M*'= 4.7020.07 nm as measured by SANS and
DLS.

Table 1 : Characteristics of nanoprecipitations

Addition | MNP | DOX Ru PDI ¢

time LC LC (nm) (mV)
, 0% 152 | 0.15 | -39.6

15 min 35 %
12% | 124 | 023 | -393
0% 565 | 022 | -40.8

10 50 %
se¢ 9% | 61 | 015 | -420

Nanoprecipitation allowed reaching quantitative loading con-
tents (LC) with controlled final sizes and low polydispersity
indexes, as reported on this table for two durations of the
buffer addition (PBS pH = 7.4), with and without DOX.

The two-dimensional confinement of the MNPs inside the
vesicular membranes
was evidenced by
small angle neutron
and light scattering
techniques and ob-
served by transmis-
sion electron micros-
copy. The magnetic
exhib-

ited a reversible de-

membranes

formation under a
permanent magnetic
. field
intensity (0.1 Tesla)

of moderate

as seen on Fig. 2.

Fig. 2 Top: SANS patterns of magnetic vesicles loaded at 50 wt.
% MNPs in H,0 in the q range 3x107
field and under B=0.1 Tesla. Colors correspond to iso-intensity

ranges. Patterns were averaged in angular sectors (-30° 30°)

08 08 1 B

B(T)

With pure H,O as
Y solvent, the nuclear
3X10~° A" at zero .
scattering  of  the
inorganic compo-
nent of membranes

along the field direction or (-15° 15°) around the perpendicular was much greater

direction. Bottom: Kratky-Porod fits Ln[q’ I(q)] ~ - ¢*0? /12 than that of the
in the low q regime lead to membrane thicknesses in the two polymer leaflets.
, . . Thus a variation in

directions d’/ and &° and to a scheme of the overall deforma- . . .
- intensity in  both

tion..

directions can be
ascribed to a reor-
ganization of the
MNPs within the membrane. The variation of ¢’/ and 0" as a
function of the field intensity is interpreted by the stretching
of the membrane near the magnetic poles due to an overall
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Finally, the release of the anticancer drug was assayed under
several heating conditions. A global heating at 37°C
(melting temperature of PTMC®) caused a significantly
higher release than the one observed at 23°C, as explained
by a more permeable membrane. But the application of an
oscillating magnetic field at 23°C induced hyperthermia at a

local (nanometric) scale only in the vicinity of the membrane
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Fig. 3: In vitro release assays (_)fdoxorubicin at two temperatures
(23 or 37°C) and with or without an applied radio-frequency
magnetic field B=2.65 mT at 500 kHz.

that provoked an increase in DOX release (by 2 times),
thereby evidencing the validity of the concept of magneto-

chemotherapy with those magnetic polymersomes.
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The design of self-assembled supramolecular
structures has become of great interest over the
recent years because of their ability to form or to
deform under appropriate conditions. Among
these supramolecular assemblies, pseudo-
polyrotaxnes (pPRs) are inclusion complexes
(ICs) in the form of necklaces elaborated thanks
to host-guest interactions allowing the thread-

ing of ring-like molecules onto a polymer chain.

Triblock copolymers of polyethylene oxide (PEO)-b
-polypropylene oxide (PPO)-b-polyethylene oxide
(PEO) (also known as pluronics®) and B-CDs are
known to form ICs. Indeed, while a.-CD is known
for its selective stable inclusion of the EO units only,
[2,3] B-CD exhibits steric compatibility that enables
it to fit both EO and PO units, with a higher affinity
toward PO units.

In this work,[4] we used an aqueous solution of na-
tive B-CD in addition to an aqueous dilute solution
of pluronic F-68 (EO76-PO29-EO76, average
number molecular weight of ~8400 kg.mol-1).
Temperature lowering was used to break the mi-
celles and allow inclusion to happen. The initial mix-
ture was transparent. Due to the poor solubility of

B-CD and pluronic ICs, it becomes opalescent

After 8 hours ageing
%thﬂn%%at 40°C

Steady state
at 70°C

A
o r:lgﬁon
A
A
A
3
A

R S
First '
moments after

quenching at 40°C

q[nm™]

Figure 1: An overview of the SANS evolution in the mixture: the initial

steady state at 70°C (0, the intermediary state just after mixing and

thermal quenching at 40°C (0), and the state after 8 hours ageing at

40°C ().
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Cyclodextrins (CDs) build a family of cyclic oli-
gosaccharides with 6, 7, or 8 repeating glucose
units (@-, 8-, and y ~CD respectively). Their hol-
low truncated conic conformation, with a more
hydrophobic internal cavity and a more hydro-
philic external surface, enables them to build
pPRs with many polymer chains under favour-
able conditions.[1]

within a few minutes and eventually precipitates into
a swollen membrane after several days. Small angle
neutron scattering (SANS) experiments and atomic
force microscopy (AFM) follow-ups evidenced the

formation of large-scale structures with time.

Fig. 1 presents the scattering data of the three main
consecutive states of the mixture obtained during
each step of the procedure, and shows its general
evolution. It confirms the existence of a steady state
at 70°C. The observed hump in the low q range is
most likely characteristic of the presence of well-
known micellar structures of pluronics. Upon cool-
ing to 40°C, the intensity of the signal dramatically
decreased, which suggests the disruption of these
objects and a homogenisation of the mixture. Then
the signal evolved with time as inclusion complexa-
tion took place. The progressive appearance of a
steep hump at lower q-values can be attributed to
the formation of larger-scale structures due to self-

organization of ICs. A final steady state is reached

after several hours.

Complementary SANS measurements of isolated
molecules demonstrate that during the first step at
70°C, the mixture is in a steady state, where native
B-CDs do not disrupt the pluronic micelles but
participate in their structure as being part of the
core.

When the mixture is quenched down to 40°C, in the
very first moments, SANS data show the contribu-
tion of isolated pluronics Gaussian chains and £-CD
molecules. Then, during solution ageing, we evi-
denced the formation of f-CD/pluronics pPRs
which self-organize in the form of thin nano-platelets
(17 nm thick and planar dimensions of about 4 um).
The entire data were modelled by a linear combina-

tion of two fits used for both low and high g ranges.
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At low g, a rigid parallelepipedic platelets form factor is con-
sidered whereas at high ¢ range, the contribution of cylindri-

cal assemblies must be taken into account.

Steady state at 70°C : Pluronic Just after quenching at 40°C :
micelles swollen by B-CDs Homogeneous mixture of
- pluronic and B-CDs

After several hours at 40°C :
Pseudo-polyrotaxanes
self-assembled into
crystalline platelets

h=17 nm

Land W>800nm

Figure 2: The obtained structures at initial steady state at 70°C, at Figure 3: Tapping mode AFM phase imaging on deposited films

from the mixture of F-68 and [3-CD after quenching to 40°C
and 3 weeks ageing. The scale bar is 1 yum long.

intermediary state just after mixing and thermal quenching at 40°C

and the state after 8 hours ageing at 40°C.

Thus, the platelets are themselves composed of an association

of cylinders with length equal to the platelet thickness corre- being 4.8 nm and that of f-CD 1.54 nm, the model suggests

sponding in one monolayer of pPRs. Moreover, the shape of that ~7 PPRs self-assemble to form these cylindrical bundles.

scattered intensity at high ¢ values implies that these platelets Furthermore, AFM shows a crystallographic angle of 105.4°.

are made of the association of pPR bundles. Their diameter

The Small-Angle spectrometer PAXY
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Hydrogels synthesized on the base qfcross—linked
copolymers of 2-hydroxyethylmethacrylate and
functional monomers (acry]ic acid or dimethyla-

minoethylmethacrylate) with a memory effect to

Saclay, France). Differences in structure ofam'o—
nic, cationic and amphiphilic hydrogels are ob-
served, as well as their relationship with water

absorbance ability in absence or in presence of

target medicine — cefazoline — were studied by

cefazoline.

small-angle neutron scattering at PAXE (LLB,

Polymer hydrogels are typical materials for soft
contact lenses (SCL), as medicine carriers in
treating ophthalmologic diseases. To increase the
medicine content in hydrogel, it can be synthe-
sized in presence of the medicine as a template
and extracted after the synthesis, thus obtaining
an “imprinted” polymer hydrogel with a memory
effect to the medicine due to formation of specific

nanoporous structure [1—6]. The preliminary

All scattering curves are well described by a

model (1):

(Ry9)’
+ G ~+ G —~+B
1+(R,,q)" (1+(R;:9))

(D

where first term is Guinier function with radius

tests on hydrogels, saturated with H,O, were
published in [7].

We studied the structure of new polymer hy-
drogels with memory effect, based on 2-
(HEMA),

linking monomer methylenebisacrylamide and

hydroxyethylmethacrylate Cross-
functional monomers — acrylic acid (AA, anionic
groups) and dimethylaminoethyl methacrylate
(DMAEMA, cationic groups). The template
medicine was cefazoline, an antibiotic widely

used to treat and prevent infectious ophtal-

mologic diseases.

1000

dz/do, cm’”

0.01 0.1
q, Angstrem™

Small-angle scattering was measured at PAXE in

the range of ¢ = 0,004-0,3 Aland L =4-12 A.

3 types of samples — anionic (1), cationic (2) and
amphiphilic (3) were both in simple state and
imprinted (synthesized at the presence of cefa-

zoline) and measured in 4 series each:
D — saturated with D,0O,

C — saturated with cefazoline solution 9,5% in
D,0,

H — saturated with H,O,
dry — dried on the air.

Typical curves are shown at Fig. 1 for sample “1

simple state” in different conditions.
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Figure 1 : Scattering curves on sample “I simple state” in

diﬁrerent conditions

of gyration R, and describes the most small-
angle range, then — Lorentz function describing
loose objects (density fluctuations) with correla-
tion length R, then — squared Lorentz function
describing dense objects (sharp globules) with
correlation length R, and incoherent back-

ground B.

Fitting with the use of model (1) showed that
and “2
printed” (cationic) in saturated state (H, D and C

samples “2  simple state” im-
conditions) are the less dense to be compared

with anionic and amphiphilic samples.

Anionic samples “1” at the presence of cefazoline

show decreasing the number of dense objects that




leads to more uniform distribution of water in sample vol-
ume.
00124
0.010 4
= 0.008
o
@
2
£ 0.006
£
o
O 0004
4
i
& 0.002 4
0- 2im dry
T T T T T T
0 200 400 600 800 1000
R, Angstrem

Figure 2 : Correlation functions of sample “2 imprinted” in different con-
ditions

Scattering curves allowed us to reconstruct the correlation
functions in direct space in spherical representation gR*(R).
Fig. 2. shows examples of correlation functions for sample “2
imprinted” in different conditions. The curves have narrow
peaks at low R, as also in samples “2 simple state”, “3 simple
state” and “3 imprinted”. Anionic samples (“1 simple state”
and “1 imprinted”) have too much intensity at large R and the
peak at small R is not visible. Cefazoline makes the correla-

tion intensity for sample “2 imprinted” much lower and de-

creases the average distances from 500-600 A to 400-500 A
(curves 2im D and 2im C in Fig. 2). As their swelling degrees
are similar, it means that cefazoline solution distributes in
polymer volume more uniformly, than D,O without cefa-

zoline, which can form larger objects.
Among other results we notice the following:

1. Presence of cefazoline in hydrogel increases its swelling
degree. This effect increases even more for imprinted sam-

ples to be compared with normal ones.

2. Hydrogels structure is characterised by small objects, be-
low 10 A, and larger entities up to 1000 A. Small objects can
be hardly observed in anionic samples, as large objects in
their structure are dominating. Cationic hydrogels are more
loose in saturated states than anionic and amphiphilic (there is
a larger number of loose objects and a smaller amount of

dense objects).

3. Synthesis of imprinted hydrogels (in presence of cefa-
zoline) leads to additional ordering in internal structure of
anionic and cationic hydrogels, and increasing the number of
large objects in structure of saturated samples. Amphiphilic
imprinted hydrogel shows more uniform internal structure,
with smaller number of large objects as compared to normal
amphiphilic sample. These facts can be important for the

practical purpo Ses.

The Small-Angle spectrometer PAXE
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We have developed a new protocol for simple and sizes calculated from the nitrogen adsorption

convenient synthesis of MCM-41 porous material.

Post-synthetic grafting of —Si(CH;),R groups,

where R stands for methyl (called OSiMe;), phe-

nyl (called OSiMe,Ph), or hexyl (called OSi-
MezHex), respectively, yielded hydrophobic po-
rous material by addition of an organic layer to
the surface silanols. Modified materials and the
hydrophilic precursor were characterized by a
combination of nitrogen adsorption and small

angle neutron scattering. We found that pore

Much attention has been paid to porous materials
due to their versatility. Among these materials,
the class of MCM-41 [2] stands out due to its
highly unusual pore texture resulting from long-
range ordering and extremely high surface areas
in the order of 1000 m* g'. The MCM-41 struc-
ture on the nm scale is reported as a hexagonal
stacking of porous tubes of uniform diameter.
MCM-41 is therefore the material of choice for
studies of thermophysical properties of liquids in
the

amount of research devoted to MCM-41 mate-

confinement.3 However, despite huge
rials, only a small number deal with hydrophobic
variants of this material. Studies concerning the
characterization of the surface properties of these
materials deal, in most cases, with the interaction
between the hydrophobic surface and an adsorbed
species. To some lesser extent, mechanistic and
kinetic parameters of the modification reaction,
surface coverage rates depending on steric bulk of
the grafted groups and reactivity and silanization
efficiency have been studied but not the confor-
mational properties of the modification layer
itself. Characterization of mesoporous materials is
usually achieved by nitrogen adsorption. Analysis
of the results according to the theory of Bru-
nauer, Emmett and Teller yields the fluid/wall
affinity, the specific surface, the pore volume and
the hydraulic pore radius. The pore size distribu-
tion can also be obtained with the Kruk—Jaroniec
—Sayari model, KJS. However, adsorption mea-
surements cannot reveal comprehensive informa-
tion about the material in the case of an organic
moiety grafted to the surface. In this case, an
additional recourse to scattering techniques,

SAXS or SANS, is necessary in order to characte-
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data depend strongly on the chosen model, as
expected. Pore sizes from neutron scattering

data do not demand simplifying model assump-

tions and were therefore used in order to calcula-

te the thickness of the grafted organic layer.
Comparison of the experimentally measured
thickness with the theoretical lengths of the
grafted groups allowed us to deduce the confor-

mation of the organic moiety.

rize the periodically ordered materials.
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Figurc 1: Compan'son between nitrogen adsorption in
mesoporous materials with different surface-grafted groups.

The inset shows the mesoporous size distribution.

Nitrogen adsorption isotherms are shown in
Fig. 1. As the precursor material was the same for
all grafting reactions, a difference in the adsorp-
tion properties of the modified material means
that gas adsorption measurements enable the
detection of the different space requirements of
single grafted groups in the pores. As the space
requirement of a methyl group is without a doubt
smaller than that of either phenyl or hexyl
groups, we would expect that the adsorbable gas
volume is larger in the case of the trimethyl silyl
modification compared to the other silanizations.
This expectation is very well confirmed as we can
see from the high relative pressure plateau of the
adsorption isotherms. Taking into account only
the adsorption results, we can conclude that the

hexyl chains are in a conformation that has a



slightly larger space requirement than the phenyl rings.

Neutron scattering was performed at the SANS instrument
PAXE at the Laboratoire Léon Brillouin. The fitting of the
scattering intensities I(q), after assumptions, was done using

the following equation,

I(g) =C,+C,07% + Cag*.exp [— %} (1)

where C, is a constant taking in account a isotropic back-
ground, C, is a constant, a is comprise between 3 and 4 and
leads to a surface dimensionality definition of D = 6 — a, C,
accounts for all parameters which cannot be extracted indivi-
dually due to the limited resolution, q,, is the first Bragg
peak reflection and s is the characteristic half-width. Data and

fits are shown on Fig. 2.

It is possible to combine nitrogen adsorption isotherms and
SANS to obtain a pore size. For uniform cylindrical pores in a

hexagonal pattern, one obtains:

| ov_;,

(2)

dsans = € dyp

| ———
J1+e%

where ¢ = 1.213, d,, calculated from the qy, value is the
lattice plane spacing, r is the SiO, wall density (2.2 g.cm?)
and Vv, is the pore volume. If we compare the pore sizes for
non-modified and modified samples determined by SANS
with those from the gas adsorption measurements, we find
that neutron scattering always yields higher values. A possi-
ble explanation for this phenomenon is that neutrons are
scattered in the surface layer by the nuclei of the silanol or
grafted groups whereas gas adsorption relies on the interac-
tion of this layer with gas molecules adsorbed onto the surfa-
ce. Therefore, neutrons measure a real repetition length in
the material but gas adsorption can only determine the space
accessible in the pore probed by a molecule of finite size.
From these results it is then possible to evaluate the thickness
of the grafted organic layer, using the data of the center-to-
center distance of the hexagonal pore arrangement in MCM-
41 and dg,ys. For the non surface modified sample, we calcu-
lated the thickness of the wall of 0.76 nm. This is in good
agreement with literature data (0.8-1.2 nm). A major result
is obtained from the comparison of the measured thickness of

the modification layer eol and the theoretical length of a fully

elongated conformation g of the corresponding group. It

geom

follows that in the case of the trimethyl silyl modification, the

measured and theoretical values correspond within an error
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Figure 2 : Fits of the (10) Bragg peak in MCM-41 with different sur-
_face modifications. The solid lines indicate the fit of the data according
eqn (1). Data of the modified samples were multiplied by a factor as
following for better visualization: 2.5 (OSiMe;), 5 (OSi-Me,Ph), 15
(OSiMe,Hex).

We can also calculate the thickness of the organic layer ex-
clusively from nitrogen adsorption data. Comparing the pore
sizes from SANS to those calculated with the KJS model, we
find only small differences for KJS pore sizes bigger than 3
nm but the discrepancy is quite big for those smaller than 3
nm. Summarizing these findings, we can conclude that for
pore sizes smaller than about 3 nm only scattering data can

provide more consistent results.
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LLB (neutron source) and SOLEIL (synchrotron)
COMMON PHD PROGRAM :

New program starting in 2012

SOLEIL and LLB are two large scale structures at the service of scientific communities both located on the Saclay plateau. They

offer a range of instruments at the highest international standard for conducting experiments using synchrotron radiation and neu-

tron scattering.

To meet jointly to their national missions and
strengthen collaboration between the two facilities
and all the French academic and industrial labora-
tories, the directions of the two infrastructures de-

cided to launch each year a call for proposals.

Co-funding of PHD theses are proposed for particu-
larly innovative subjects using complementarities

= of synchrotron and neutron techniques.

The objective is to stimulate original subjects using the synchro-
tron-neutron complementary and the original and
complementary expertise at any level whatsoever
(synthesis, simulation and theory, NMR ...) of the

selected laboratory.

These theses will involve a co-direction with a scien- &
tific leader of one of two facilities (SOLEIL or LLB),
a correspondent of the other facility and a scientific @
responsible of the partner laboratory. For the realiza-
tion, as part of the thesis, of experiments on SOLEIL
or LLB, the corresponding time requests will be sup-
ported by the direction of the LLB and will form part

The subject should be multidisciplinary and all fields
of science are concerned. The proposed theme is about: surfaces, interfaces, functionalizations, with keywords such as: biomimet-
ics, micro-nano fluidics, magnetics, materials for energy ...

These keywords are indicative and any multidisciplinary subject will be considered.

Prior experience in the use of very large facilities is not a prerequisite for the teams, training can be provided by the centers.
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TRAINING AND EDUCATION...

higher european research course for users of large experimental systems & ]
NEUTRONS AND SYNCHROTRON
RADIATION FOR SCIENCE 1

HERCULES COURSES (21-25 MARCH 2011)

Hercules, the European graduate school for the large scale facilities users, gathers annually about 75 participants
over several wecks for lectures tutorials, and practical sessions on the applications of X-Rays and neutron scattering.
The last ten days of this 4-weeks formation takes place in the Paris area, at the SOLEIL synchrotron or at the LLB for
those participants interested in a reinforced experimental neutron programme. At the LLB they had the opportunity
to exercise on real spectrometers after a general presentation of the installation and a visit of the reactor hall.

http:/ / hercules.grenoble. cnrs. fr

HABILITATIONSTO SUPERVIZE PhD STUDENTS (HdR)

: Neutrons et dynamique de spin”
Sylvain Petit (04/03/2011)

“Topologies magnétiques triangulaires et propriétés physiques « exotiques”
Frangoise Damay-Rowe (02/05/2011)

“Confinement nanométrique de fluides moléculaires : des interactions de surface aux propriétés de trans-
port d une dimension

Jean-Marc Zanotti (25/11/2011)
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FAN DU LLB (5-8 DECEMBER 2011)

FAN du LLB is an annual school delivered in French and offering young French-speaking researchers a first contact with real experimental
neutron scattering. The school is aimed at students and post-docs working in all scientific areas where neutrons can provide valuable insights,
although priority is given to those having never had any contact with neutrons scattering. After an introduction to neutron sources and neutron
scattering, ten different thematic subjects based on different scientific problems that can be addressed by neutron scattering, are proposed to
the students. In groups of four to five, the students are then introduced to two different neutrons scattering technique, during three days de-
voted to experiments and data analysis. One of the distinguishing features of our school is that the students often come with their own sam-
ples, which are tested during the training together with our demonstration samples. This ensures a good and efficient participation of the stu-
dents. In 2011, the number of participants was 31.

Website: http://www-llb.cea.fr/fan

3 CEA SACLAY du
5 au 8 décembre 2011

Date limite pour les inscriptions

1¢" octobre 2011

LLB & Orphée
!

T ——

JDN 19 (6-10 JUNE, 2011)

Every year, the French Neutron Society (SFN), with the help of LLB and ILL centers and Greno-
f-“-éfhswéﬁ Frangaise de la Neutronique /i)~ ble UJF University, organizes the “Journées de la Neutronique”, that gathers the national neutrons

19¢ Journées community. Exceptionnaly, there were no thematic school in the 19th edition, but the duration of
de la Rossat-Mignod meeting was lengthened in order to present the state of the art and the new scien-
Diffusion Neutronique . . . .
tific and technological perspectives of Neutron scattering.
“Rencontres Rossat-Mignod"
Neutrons, sciences et perspectives

o 6 10 Yo 20T T )

: 1,5- Zay

Dates bmites
21 fbwrier 2011
10 mers 2011
7 owril 2011
1 mal 2001
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NEW PHD STUDENTS IN 2011

GENEVAZ Nicolas — BDI-2011-2014
« Nanocomposites polyméres-particules greffées : contribution de la dynamique des chaines greffées et libres sur les méca-
nismes de dispersion et les propriétés mécaniquesy
Direction de these : D. Bertin & J. Jestin
(Matiére Molle).

RIDIER Karl — BDI-2011-2014
« Excitations magnétiques dans les composés photomagnétiques a transition de spins »
Direction de theése : G. Chaboussant & B. Gillon

(Matériaux et Interfaces & Diffraction sur monocristaux)

THESES DEFENDED IN 2011

TASSERIT Christophe — 15 March 2011
« Transport d’ions et d’objets dans les nanopores »
Direction de theése : D. Lairez et M-C. Clochard

' (Biologie et Systémes désordonnés)

FAMEAU Anne-Laure — 20 Avril 2011

« Assemblages d'acides gras : du volume aux interfaces »
Direction de thése : E Boue, J-P. Douliez, E Cousin
(Matiére Molle)

BHOWMIK Debsindhu - 30 Septembre 2011

« Etude de la dymanique d’ions hydrophobes en solutions aqueuses par diffusion de neutrons et par simulation numéri-
que »

Direction de thése : P. Turq, N. Malikova

j (Biologie et Systémes désordonnés)

ROBBES Anne Sophie - 14 Octobre 2011
« Nanocomposites a base de particules magnétiques : synthése et contribution de la dispersion des charges et de la confor-
mation des chaines sur les propriétés de renforcement »
Direction de thése : E Boue, J. Jestin, E Cousin =
(Matiére Molle)

SAID MOHAMED Cynthia — 14 Novembre 2011

“Propriétés optiques des nanoparticules d’or greffées de polymeéres thermosensibles »
Direction de theése : L.Lee

(Matériaux et interfaces)
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GENERAL LAYOUT OFTHE SPECTROMETERS

Neutronographie

»

SPECTROMETERS OPEN TO USERS

CONTACTS

3T2
G4.1
G6.1

5C1
5C1
6T2

7C2

G1.2
G2.3
G5.4
G5bis

6T1

G5.2

G3bis

G2.4

1T

2T
4F1

4F2

G6.2
G1bis

G4.5

Powder diffractometers
Florence Porcher

Gilles André

Isabelle Mirebeau

Single crystal diffractometers
Béatrice Gillon

Alain Cousson

Arsen Goukassov

Diffuse scattering instrument
Brigitte Beuneu

Small-angle scattering instruments
Didier Lairez

Alain Lapp

José Teixeira
Sylvain Désert

Diffractometers for material science studies
Marie-Héléne Mathon

Vincent Klosek

Reflectometers

Fabrice Cousin

Frédéric Ott

Triple-axis instruments

Daniel Lamago / Yvan Sidis (CRG Instrument Karlsruhe/LLB)

Philippe Bourges
Sylvain Petit

Daniel Petitgrand

Quasi-elastic instruments

Jean-Marc Zanotti
Stéphane Longeville

Neutron radiography
Guy Bayon

florence.porcher@cea.fr

gilles.andre@cea.fr
isabelle.mirebeau@cea.fr

beatrice.gillon@cea.fr

alain-f.cousson@cea.fr

arsen.goukassov@cea.fr

brigitte.beuneu@cea.fr

didier.lairez@cea.fr
alain.la cea.fr

jose.teixeira@cea.fr

sylvain.desert@cea.fr

marie-helene.mathon@cea.fr

vincent.klosek@cea.fr

fabrice.cousin@cea.fr

frederic.ott@cea.fr

daniel.lamago@cea.fr /
van.sidis@cea.fr
philippe.bourges@cea.fr

sylvain.petit@cea.fr

daniel.petitgrand@cea.cr

jean-marc.zanotti@cea.fr

stephane.longeville@cea.fr

uy.bayon@cea.fr
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3T2
G4.1
G6.1

5C1
5C2
6T2

7C2

G1.2
G2.3

G5.4
G5bis

6T1
G5.2

G3bis
G24

1T

2T

4F1

4F2

G62

G1bis

G4.5

The LLB—Orphée neutron scattering and imaging instruments

Powder diffractometers

"Thermal neutrons" 2-axis (50 detectors) high resolution, mainly for nuclear structure determination.
"Cold neutrons" 2-axis (multidetector 800 cells) high flux, mainly for magnetic structure determination

"Cold neutrons" 2-axis (multidetector 400 cells) with long wavelength (~5A) and high flux, for the study of very small powder sam-
ples (<1mm®). Very high pressure cell available (40 GPa).

Single crystal diffractometers

"Hot neutrons" 2-axis with lifting arm, polarized neutrons, magnetic field (8 Tesla) for spin-density maps determination
"Hot neutrons" 4-circle for nuclear structure determination.

"Thermal neutrons" 2-axis, lifting arm and 4-circle, mainly for magnetic structure determination. 12 Tesla magnetic field available,
2D detector.
Diffuse scattering instruments
"Hot neutrons" 2-axis (multidetector 640 cells) for local order studies in liquid or amorphous systems. Cryostat and furnace avail-
able (1.2K to 1300°C).
Small-angle scattering instruments

"Cold neutrons" (annular detector, 30 rings) for study of large scale structures in isotropic systems (mainly polymers and colloids).

"Cold neutrons" (X-Y detector, 128x128 cells) for study of large scale structures (10 to 500 A) in anisotropic systems (polymers
under stress, metallurgical samples, vortex in superconductors).
"Cold neutrons” (X-Y detector, 64x64 cells) for multipurpose studies of large scale structures.

Very Small Angle Neutrons Scattering spectrometer

Diffractometers for material science studies

"Thermal neutrons" 4-circle for texture determination.

"Cold neutrons" 2-axis for internal strain determination in bulk samples with spatial resolution ~ 1mm?>.

Reflectometers

"Cold neutrons" reflectometer operating in time-of-flight mode for multipurpose surface studies.

"Cold neutrons" reflectometer with polarized neutrons and polarization analysis for the study of magnetic layers.

Triple-axis instruments

"Thermal neutrons" high-flux 3-axis instrument with focussing monochromator and analyser, mainly devoted to phonon dispersion
curves measurements. Very high pressure cell (100 Kbar) available.

CRG Instrument operated in collaboration between the INFP Karlsruhe and the L.L.B

"Thermal neutrons" high-flux spectrometer with focussing monochromator and analyser, mainly devoted to spin-waves and mag-
netic excitations studies (1.5 to 80 meV).

"Cold neutrons" high flux 3-axis instruments with double monochromator and analyzer, mainly devoted to the study of low-energy
(15peV to 4meV) magnetic excitations. Polarized neutrons and polarization analysis option available.

Quasi-elastic instruments

"Cold neutrons" high resolution (~15ueV at 10A) time-of-flight instrument for the study of low energy excitations, mainly in disor-
dered systems.

"Cold neutrons”, high resolution and high flux spin-echo instrument. It can study, in a large Q range, slow dynamics of large mole-
cules in biology or long relaxation times like in glassy transition (Fourier times ~ 20ns)

Neutron Radiography

Imaging technique : white beam facility for non-destructive control or dynamics imaging.

AUXILLIARY SERVICES AVAILABLE

Laboratories for sample preparation: Technical help for:
e Chemistry laboratory e Vacuum/Cryogenics
o Biological laboratory e Cryostat, Furnace (0.1 — 2000 K)

e High pressures (up to 10 GPa)
e High magnetic fields (up to 10 T)
e Mechanics

http://www-llb.cea.fr/fr-en/spectros p.php
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Access to beamtime

LLB has been selected in the frame of the European

Community — Access activities of the Neutron scatter- 272>/
ing and Muon spectroscopy Integrated Infrastructure T Procar
Initiative (NMI3) which supports access to neutron

beams for the selected user teams, travel and subsistence fees of visiting scientists.
The program is opened to E.C. users and to scientists of the associated states.

http://idb.neutron-eu.net/facilities.php

Beamtime access is free of charge for any experimentalist from the French Scientific
community. LLB takes in charge the expenses (travel and stay) of 2 people during the
experiment.

Beamtime on the 23 open-access spectrometers can be requested by submission of:

° An experimental application to a Selection Committee (Normal Procedure)
This procedure is open to any public/industrial researcher that is interested in
using neutron scattering for his research. Results should be free to be totally or
partially published in a Scientific Review.
DEADLINE FOR APPLICATION: May 1°' and November 1°
http://www-lIb.cea.fr/en/fr-en/proposal.php

° An experimental application to the Directors (Exceptional)
This special procedure should only be used exceptionally for hot topics,
confidentiality reasons or if an anomaly in the review procedure is suspected.
The delay between the acceptation decision and the realization of the
experiment is shortened to the minimum.
No deadline applies for such propositions (Application all along the year).
http://www-lIb.cea.fr/en/fr-en/proposal.php

° A fast access application
This procedure allows a rapid access (1 to 2 months delay) to the spectrometers
in order to perform a short experiment (1 day max.). It can be used for feasibility
tests, sample characterization, obtaining complementary results...
No deadline applies for such propositions (Application all along the year).
http://www-IIb.cea.fr/en/fr-en/prop-rap.php

CONTACT AT LABORATOIRE LEON BRILLOUIN
Laboratoire Léon Brillouin
Scientific Office

CEA SACLAY
Béatiment 563 F - 91191 Gif-sur-Yvette Cedex
Tel. : 33(0) 1 69 08 60 38 * Fax : 33 (0) 169 088261

e-mail : experience-Ilb at cea.fr
Internet : http://www-llb.cea.fr
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Selection committees

Proposals are examined by 5 Selection Committees. Each is composed of 10 to 12 senior
scientists that are nominated by the management of LLB for 3 years. At least half of them do
not belong to the LLB and 2 or 3 are coming from foreign institutes.
For each spectrometer, LLB gives a beam-time available which is shared out by the commit-
tee; each proposal gets a grade A or B or C.

A : The experiment must be done and the committee allocates a beam-time

B : The experiment might be done if there is some extra beam-time,

C : The experiment is refused on scientific arguments.
Selection Committees are asked to take care of the educational duty of the LLB when pro-
posal comes from new young searcher.

SELECTION COMMITEES: SCIENTIFIC FOCUS AND SUB-FOCUS

Theme | Chemical physics, biological systems

1.01 Polymers and Supramolecular Structures

1.02 Water, aqueous solutions, polyelectrolytes, surfactants
1.03 System of biological interest, Biophysics

.04 Colloids, nanostructures

.05 Gels, composite materials

1.06 Other...

Theme Il Crystallographic and magnetic structures
[1.01 Crystalline structures
[1.02 Phases transitions
11.03 Magnetic Structures
[1.04 High pressures (on powders)
[1.05 Other...

Theme Il Magnetism: Single-crystal systems and thin layers
[11.01  Magnetic thin layers
[11.02  Spin density
.03  Systems with strong quantum correlations
[1.04  Extreme conditions (strong fields, high pressures)
.05  Magnetic nanosystems
[1.06 Other...

Theme IV Disordered Systems, nanostructured materials and materials
IV.01 Liquid and amorphous structures
V.02 Dynamics of disordered systems
V.03  Thin film materials
IV.04 Nanostructured materials, precipitation, cavities,...
V.05 Crystallographic textures
V.06 Strains and residual stresses
V.07  Other...

Theme V Excitations
V.01 Magnons
V.02 Supraconductivity
V.03 Coupling spin-network
V.04 Dynamics in frustrated systems
V.05 Polarized neutrons with polarization analysis
V.06 Phonons
V.07  Other...
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LLB 2011 Reviewing committees

LLB members

French users

European users

COLLEGE 1: Chemical physics, biological systems

Organisers: J. Jestin, G. Fadda

F. Cousin C. Chassenieuxt Université du Mans F. Gabel! IBS, Grenoble
D. Lairez S. Lyonnard CEA, Grenoble W. Hauessler? FRMII, TU Minich
F. Nallet CRPP, Bordeaux R. V. Klitzing TU, Berlin
R Schweins ILL, Grenoble M. Sferrazza [pdt] Université de Bruxelles
Y. Tran ESPCI, Paris
COLLEGE 2: Crystallographic and magnetic structures
Organisers: F. Porcher, N. Re)/
F. Damay M. Josse Université Bordeaux 1 J. A. Blanco Université Oviedo, ES
S. Ravy Soleil, St Aubin A. Daoud-Aladine ISIS, UK
P. Roussel UCC, Villeneuve d'Ascq G. Heger' [pdt] Université Aachen, D
COLLEGE 3: Magnetism: Single-crystal systems and thin layers
Organisers: A. Bataille, F. Ott
G Andre T. Hauet Université Nancy I J. Campo [pdt] Universit¢ Zaragoza, ES
O. Mentré? Chimie du Solide, Lille K. Temst Université Louvin , B

E. Ressouche

ILL, Grenoble

COLLEGE 4: Disordered Systems, nanostructured materials and materials

Organisers: V. Klosek, M.H. Mathon

F. Audonnet

J.L. Bechade*

J. Henry*

L. Cormier

A. Deschamps?

M. Fitzpatrick
CEA, Saclay [Pdt]

Universités Paris 6 et 7 M. Gonzalez

SIMaP Grenoble

Milton Keynes, UK

ILL, Grenoble

COLLEGE 5: Excitations

Organisers: D. Petitgrand, J. Robert

D. Lamago

M. Boehm [pdt]

P. Foury

L.-P. Regnault

ILL, Grenoble J. Hlinka
LPS, Orsay A. Huxley
CEA, Grenoble B. Roessli

ASCR, Prague

Universit¢ Edinburg, UK

PSI, Villingen, CH

4 Only for spring session - * Only for automn session
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