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Director’s word 

The year 2012 has seen several milestones for the infrastructure:The year 2012 has seen several milestones for the infrastructure:  

An amendment to the agreement defining the procedures for the organization and operation of 

the Léon Brillouin Laboratory has been signed by its two supervisory bodies, CEA and CNRS. 

The composition of the steering committee of LLB was profoundly renewed with the arrival of the new Director of the 

Department of Material Sciences (DSM) of the CEA, Gabriele Fioni (left), as well as the new director of the Institute of 

Physics (INP) of CNRS, jean-François Pinton (right). 

The internal organization of LLB was modified to in-

crease the coherence and optimize the use of resources. 

The management of the spectrometers rests on three 

instrumental groups (spectroscopy, diffraction, large-

scale structures) with the support of the four technical 

groups (Sample Environment, Instrument Develop-

ment, Information Technology, Electronics) and cross-

platform (modeling, chemistry, biology). In addition, 

scientific animation is done with the three scientific 

axes (strongly correlated quantum systems and magnet-

ism - Materials and Nanosciences: Fundamental Stud-

ies and Applications - Soft Matter and Biophysics). 

A new Scientific and Instrumental Council 

was established to support the Steering 

Committee of LLB. This council, under the 

direction of Ian Anderson, had its first meet-

ing in October. 

The Laboratoire Léon Brillouin LLB associated to the The Laboratoire Léon Brillouin LLB associated to the           ORPHEE reactor is the French source of neutron scatteringORPHEE reactor is the French source of neutron scattering  
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Finally, to help users cope with the Finally, to help users cope with the 

prolonged shutdown of the ILL, it was prolonged shutdown of the ILL, it was 

decided to change the dates for sub-decided to change the dates for sub-

mission of mission of proposals for experi-proposals for experi-

ments ments at the LLB in 2013 to at the LLB in 2013 to 11stst
  of of 

April and 1April and 1stst
  of Octoberof October..  

In 2012, the Laboratoire Léon Brillouin participates or is behind In 2012, the Laboratoire Léon Brillouin participates or is behind 

a number of initiatives at national and international level:a number of initiatives at national and international level:  

From the standpoint of instruments and neu-From the standpoint of instruments and neu-

tron source, several events are worth noting:tron source, several events are worth noting:  

In April took place the first users meet-

ing of the LLB. During this meeting, 

information was given on the develop-

ment of the instrumental park of the 

infrastructure, as well as the changing 

landscape of the neutron sources in 

Europe. 

The year 2012 saw the restart of 

the NMI3 European contract for 

a new period of 4-years that al-

lows finance access for European 

users to the facility. 

The launch of ESS European Spallation Source in Lund has brought new responsibilities to LLB which was 

chosen to be the entry point of the French community for proposals of contribution to studies and/or con-

struction of instrumentation at the future ESS. In this context, a working group of French neutronicians was 

created, representing the national community, and had a first meeting in early October. 

Two historical instruments of LLB, Mibemol and Paxe, were decommissioned and 

dismantled during the summer. They will soon be replaced by two new instruments 

that will be among the best in their class, Fa# for the time of flight and PA20 for 

small angle scattering. 

The Orphée reactor has undergone two 

major maintenance operations that re-

quired the prolongation of the usual 

winter and summer breaks. The first 

break allowed replacing the two cold 

sources and the second changing the 

thimble of the channel 9F. 

The technical teams LLB were also heavily solicited during the summer stop for the 

dismantling and movements of instruments to enable the reactor maintenance and to 

prepare the guide hall for the future instruments. 

C. Alba-Simionesco and J.-P. Visticot 

The Laboratoire Léon Brillouin LLB associated to the The Laboratoire Léon Brillouin LLB associated to the           ORPHEE reactor is the French source of neutron scatteringORPHEE reactor is the French source of neutron scattering  
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VISIT OF A CHINESE DELEGATION 

(APRIL) 

SCIENTIFIC AND INSTRUMENTAL  

COUNCIL (OCTOBER) 

LLB USERS MEETING 

(APRIL) 

RETIREMENT OF J. TEIXEIRA 

AND DISCOMMISSIONING OF PAXE 

2012 EVENTS IN PICTURES2012 EVENTS IN PICTURES  
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PNCMI'2012 RESEARCH CONFERENCE  

9
TH

 INTERNATIONAL WORKSHOP ON POLARISED NEUTRONS 

IN CONDENSED MATTER INVESTIGATIONS.  

(PARIS, JULY) 

JOURNEES SURFACES ET INTERFACES  

(ST AUBIN, JANUARY) 

SMARTER CRYSTALLOGRAPHY 

(VERSAILLES, SEPTEMBER) 

ORGANISATION OF PNCMI CONGRESSORGANISATION OF PNCMI CONGRESS  

CONFERENCES SPONSORED 
CONFERENCES SPONSORED   

BY THE LLBBY THE LLB  
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Neutron scattering study of ferroelectric Sn2P2S6 under pressure 
P. Ondrejkovic, M. Kempa, Y. Vysochanskii, P. Saint-Grégoire, P. Bourges, K. Z. Rushchanskii and J. Hlinka 

 
Evidence of magnetic phase separation in LuFe2O4 

J. Bourgeois, G. André, S. Petit, J. Robert, M. Poienar, J. Rouquette, E. Elkaïm, M. Hervieu, A. Maignan, C. Mar-
tin and F. Damay 

 

Neutron diffraction study of the chiral magnet MnGe 
O. L.  Makarova, M. Deutsch, F. Porcher, A. V. Tsvyashchenko and I. Mirebeau. 

 
Competition between commensurate and incommensurate magnetic ordering in 
Fe1+y Te 
D. Parshall, G. Chen, L. Pintschovius, D. Lamago, Th. Wolf, L. Radzihovsky and D. Reznik 

 
New step towards the search for the origin of high-transition temperature super-
conductivity: exploration of the phase diagram and observation of magnetic exci-
tation modes in cuprates 

Y. Li, G. Yu, M. K. Chan, V. Balédent, Y. Li, N. Barišić, X. Zhao, K. Hradil, R. A. Mole,  Y. Sidis, P. Steffens, P. 
Bourges and M. Greven   

AXE 1: AXE 1: AXE 1:    

Strongly Correlated Quantum Materials Strongly Correlated Quantum Materials Strongly Correlated Quantum Materials    

and Magnetism.and Magnetism.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 containing transition-metal or rare-earth elements, because d and f or-

bitals have a more pronounced localized character. One common feature in many of these materials is the co-

existence 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 experimentally and theoretically, include cuprate or ferropnictide high-Tc su-

perconductors, “giant magneto­resistance” manganites, compounds with short-range magnetic interactions 

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 occur, such as the 

“magnetic blue phase” of MnSi, or the multipole-order states found in rare-earth hexaborides.  Because neu-

trons 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. Polarized neutron beams, im-

plemented on several spectrometers at LLB, further enhance the potential of neutron experiments for studying 

strong correlation phenomena in condensed matter. 
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Phase transformations in solids can be often well 

described by the Landau theory in which different 

possible phases of a crystal are associated by quali-

tative changes of a specific physical quantity, so-

called « order parameter ». In case of ferroelec-

trics, the order parameter is usually polarization. 

Our study focuses on a chalcogenide crystal 

Sn2P2S6 where the theory has predicted an exotic 

and exciting phenomenon: three phase transforma-

tion lines should merge at a singular point of the 

temperature-pressure phase diagram. In the vicini-

ty of this so-called Lifshitz point (LP), very diffe-

rent phases and transition behaviors would meet, 

involving a paraelectric phase with no polarization 

at all, a ferroelectric phase with non-zero polariza-

tion and an incommensurate phase with a frozen 

polarization wave. The search for the characteristic 

signature of this latter structure is the object of our 

work[1]. 

Uniaxial ferroelectric 

chalcogenides represent 

one of the best known 

families of ferroelectric 

semiconductors. In par-

ticular, solid solutions of 

Sn2P2S6 and Sn2P2Se6 

have been recognized as 

extremely interesting 

model systems[2]. All of 

them have an identical 

parent paraelectric struc-

ture at high temperatures 

(P21/n) and the same 

ferroelectric phase at 

low temperatures (Pn). 

At ambient pressure, 

crystals with low Se/S concentration ratio show a 

direct ferroelectric-paraelectric phase transition, 

while those of high Se/S concentration exhibit an 

intermediate incommensurate (IC) phase (see Fig. 

1). Later, it was predicted that a similar LP could 

also occur in the temperature-pressure (T-P) phase 

diagram of pure Sn2P2S6, which was reported by 

several experiments to be at P = 0.18 GPa, T = 

296 K. However, diffraction investigations of the 

intermediate phase of Sn2P2S6 were not reported so 

far and there was no direct evidence of its IC na-

ture. 

Our neutron scattering experiment was performed 

at LLB on the thermal 2T1 and cold 4F2 three-axis 

spectrometers, with the sample placed in a special 

helium pressure cell designed for neutron scatter-

ing experiments in the temperature range of 20–

305 K and under hydrostatic pressures up to about 

0.6 GPa. The investigation was performed in Bril-

louin zones and directions favourable for occurring 

satellite reflections, according to theoretical pre-

dictions and experiments on Sn2P2Se6. 

Monitoring of the (-200) reflection allowed us to 

probe quite accurately the ferroelectric order para-

meter, and thus the phase transition temperature 

(see Fig. 2(b)). In the vicinity of the phase transi-

tion line we have searched  for  possible  indica-

tions  of a  satellite  reflection. However, no ob-

vious satellite peaks have been seen. At the same 

time, our observations disclosed traces of weak 

and broad diffuse scattering ridges, extending over 

the “soft” direction, roughly perpendicular to the 

direction along which the spontaneous polarization 

is formed. Fig. 3(a) shows an example of a scan 

P. Ondrejkovica, M. Kempaa, Y. Vysochanskiib, P. Saint-Grégoirec, P. Bourgesd, K. Z. Rushchanskiie,  J. 

Hlinkaa 

Neutron scattering study of ferroelectric Sn2P2S6 under pressure 

Ferroelectric phase transition in the semiconduc-

tor Sn2P2S6 single crystal has been studied by 

neutron scattering in the pressure-temperature 

range near the anticipated tricritical Lifshitz 

point (P ≈ 0.18 GPa, T ≈ 296 K). The observa-

tions reveal a direct ferroelectric-paraelectric 

phase transition in the whole investigated pres-

sure range (0.18–0.6 GPa). These results are in 

a clear disagreement with phase diagrams as-

sumed in numerous earlier works, according to 

which a hypothetical intermediate incommensu-

rate phase extends over several or even tens of 

degrees in the 0.5 GPa pressure range. Still, the 

results are in favour of a uniaxial ferroelectric 

transition at the tricritical Lifshitz point. 

Figure 1 : Schematic temperature-composition phase dia-

gram for the system Sn2P2(SexS1−x)6 [2]. Dashed line: second

-order phase transition, solid line: first-order phase transi-
tion.. 
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taken along this diffuse scattering ridge at 

several temperatures. 

Examples of transverse 

scans are shown in  Fig.  3

(b).  Trajectories  of  

these  scans are  schemati-

cally shown in Fig. 4, 

along with the contour 

plots of the ambient-

pressure diffuse scattering 

topography taken from 

Ref. 3. 

The diffuse scattering 

ridge corresponds to the 

smaller peak in Fig. 3(b), 

while the larger intensity 

peak is a spurious leakage 

of the (-200) Bragg 

reflection scattering due 

to the strongly anisotro-

pic tails of the instrumen-

tal resolution function. 

The constant-Q spectra 

taken at selected positions 

in the  high-temperature  phase  (Fig.  2(a))  

suggest that this diffuse scattering is quasielas-

tic in its nature, with FWHM of the order of 

0.2 THz. 

In conclusion, our results do not indicate any 

evidence of an intermediate incommensurate 

phase in the Sn2P2S6 crystal under moderate 

pressure. While we cannot fully exclude the 

existence of an extremely long-wavelength 

modulation below the phase transition tem-

perature, the most simple explanation of our 

observations is that at least up to 0.6 GPa, 

there is only a simple paraelectric-

ferroelectric phase transition in Sn2P2S6. 

1. P. Ondrejkovic, M. Kempa, Y. Vysochanskii, P. Saint-Grégoire, P. Bourges, K. Z. Rushchanskii & 

J. Hlinka, Phys. Rev. B 86, 224106 (2012). 

2. Yu. M. Vysochanskii, T. Janssen, R. Currat, R. Folk, J. Banys,J. Grigas, & V. Samulionis, Phase 

Transitions in Ferroelectric Phosphorous Chalcogenide Crystals (Vilnius University, Vilnius, 2006). 

3. J.  Hlinka,  R.  Currat,  M.  de  Boissieu,  F.  Livet,  & Yu.  M. Vysochanskii, Phys. Rev. B 71, 

052102 (2005). 

References  

Figure 2: Temperature dependence of (a) quasielas-
tic and (b) elastic scattering at 0.6 GPa  

Figure 3: Elastic scans in the (-200) Brillouin 
zone in the vicinity of the ferroelectric phase 
transition (P = 0.6 GPa TC = 205.3 K): (a) 
along and (b) across the diffuse streak. 

Figure 4: Schema of reciprocal-space trajectories of 

scans shown in Fig. 3, superposed with contour plots 

of the critical diffuse scattering known from ambient 

pressure X-ray diffraction measurements of Ref. 3. 



 

14 

a Laboratoire Léon Brillouin, 

CEA Saclay, France 

b Laboratoire CRISMAT, Caen, 

France 

c Institut Charles Gerhardt, 

Montpellier, France 

d Synchrotron Soleil, Saint-

Aubin, France 

francoise.damay@cea.fr 

Recently, a new class of ferroelectrics, in which 

electronic polarization is driven by a process of 

charge ordering1, has been under focus.  Among 

them is LuFe2O4, which belongs to the family of 

layered rare-earth ferrites RFe2O4 (R = Ho to Lu, 

and Y).  Its crystal structure can be described as a 

stacking along c of [Fe2O4]∞ bilayers, each consis-

ting of two triangular [FeO]∞ planes, separated by 

non magnetic close-

compact [LuO2]∞ layers 

(Fig. 1). 

Clues to a coupling be-
tween electronic and mag-
netic degrees of freedom 
have been investigated2, 
and theoretical models 
have also been proposed3, 
but a clear understanding 
of the origin of multifer-
roicity in LuFe2O4 is 
impaired by the fact that 

the magnetic structure of this compound is still a 
matter of speculations.  In this context, neutron 
diffraction experiments were carried out on the 
G4.1 diffractometer.  At room temperature, a 
diffuse magnetic signal is observed in LuFe2O4, 
which becomes significant around 260 K and con-
denses into antiferromagnetic Bragg peaks below 
TN = 240K.  These magnetic peaks can be in-
dexed with two propagation vectors, k1 = (0 2/3 
0)m and k2 = (0 2/3 ½)m.  This type of propaga-

tion vector is characteristic of a triangular lattice 
with an antiferromagnetic first-neighbor interac-
tion, and corresponds to a collinear (1 ½ ½) am-
plitude modulated up-down-down spin arrange-
ment.  

Symmetry analysis based on a random distribution 
of Fe2+ and Fe3+ ions in the structure shows that 
the configuration within the bilayer can either be 
“ferromagnetic” (↑↓↓ ↑↓↓), or 
“antiferromagnetic” (↑↓↓ ↓↑↑).  The bilayers are 
then stacked ferromagnetically (k1) or antiferro-
magnetically (k2).  Based on this simple analysis, 
four different magnetic phases can be considered 
for LuFe2O4, k1-F, k1-AF, k2-F, and k2-AF, F 
and AF referring to, respectively, a ferromagnetic 
and an anti-ferromagnetic configuration of the 
bilayer (Inset of Fig. 2).  

Refinements of the neutron diffraction data using 

a combination of the k1 and k2 magnetic phases, 

and involving either ferromagnetic or antiferro-

magnetic [Fe2O4]∞ bilayers, are illustrated on Fig. 

2.  The only refined parameters are the scale fac-

tors of the different phases, the corresponding cell 

parameters, and the magnetic peak width, to keep 

the modeling as basic as possible.  Both models 

prove unsatisfactory to describe appropriately the 

magnetic intensities observed, and the magnetic 

ground state of LuFe2O4 is more appropriately 

described by a mixture of both models (Fig. 3a), 

suggesting that the sign of the intra-bilayer inte-

raction can actually vary in the sample.  The evo-

lution with temperature of the intensities of the 

J. Bourgeoisa,b, G. Andréa, S. Petita, J. Roberta, M. Poienarc, J. Rouquettec, E. Elkaïmd, M. Hervieub, A. 

Maignanb, C. Martinb, F. Damaya 

Evidence of magnetic phase separation in LuFe 2O4 

The magnetic properties of a polycrystalline 

sample of LuFe2O4 have been investigated by 

means of neutron scattering, between 1.5 and 

300K.  Inside a [Fe2O4]∞ bilayer, the magnetic 

arrangement on a triangular plane follows the 

expected ↑↓↓ pattern ; the stacking of the 

[Fe2O4]∞ bilayers is, however, degenerate, and 

can either be ferromagnetic or antiferromag-

netic.  Modeling of the diffraction data shows 

in addition the existence of an additional level 

of magnetic near-degeneracy, at the level of 

the bilayer itself.  It results in the coexistence 

of magnetic phases with opposite signs of the 

intra-bilayer interaction, and with two distinct 

ordering temperatures : “ferromagnetic” bilay-

e r s  o r d e r  a r o u n d  2 5 0 K ,  a n d 

“antiferromagnetic” bilayers at ~ 200K.  The 

near-degeneracy of the intra- and inter-

bilayer couplings in LuFe2O4 might be a result 

of the geometrical frustration of spins with 

strong axial anisotropy. 

Figure 1 : (a) Monoclinic cell of LuFe2O4.  (b) Perspective 
view of the [Fe2O4]∞ bilayer.  (c) Projection onto the 
triangular plane of the [Fe2O4]∞ bilayer. 
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main magnetic Bragg peaks (Fig. 3b), further supports 

this idea.  Two transition temperatures can be seen, at 

250K and 200K.  The first transition corresponds to an 

increase of the magnetic intensities on the peaks which 

are primarily contributed to in the ferromagnetic bi-

layer model.  Around 200K, intensity increases on 

magnetic peaks which are predominant in the antifer-

romagnetic bilayer model.     

This modeling of the magnetic scattering of LuFe2O4 

thus evidences the existence of a new type of degener-

acy, linked with the sign of the magnetic coupling 

within a [Fe2O4]∞ bilayer.  In contrast to the bilayer stacking 

type, the sign of the intra-bilayer coupling actu-

ally affects the magnetic ordering temperature.  

The results of this study4 also show that it is possi-

ble to get a realistic description of the magnetic 

ground state of LuFe2O4 without assuming an 

underlying charge-order model ; the next step 

will be therefore to clarify the possible relation-

ships between spin and charge ordering in this 

compound. 

1. S. W. Cheong and M. Mostovoy, Nature Materials 6, 13 (2007) 

2. M. Angst et al., Physical Review Letters 101, 227601 (2008) 

3. A. Nagano et al., Physical Review Letters 99, 217202 (2007) 

4. J. Bourgeois et al., Physical Review B 86, 024413 (2012) 

References  

Figure 3 : (a) Modeling of the 2K magnetic ground state of LuFe2O4 
using the k1-F, k2-F, k1-AF and k2-AF magnetic structures.  (b) 
Temperature evolution of the integrated intensity of selected Bragg 
magnetic peaks.  Red and blue symbols differentiate feature reflec-
tions of the ferromagnetic and antiferromagnetic bilayers models, 
respectively.   

Figure 2 : Modeling of the magnetic structures at 2 K, in the case of ferro-
magnetic bilayers (a) and antiferromagnetic bilayers (b), and corresponding 
calculated diffraction patterns (experimental data : open circles, calculated 
profile : continuous line).  The full and dotted arrows indicate the (1 -1 0)
+k1 and the (-1 -1 1)+k1 magnetic reflections, respectively.  The hkl 
gradual broadening of the Bragg profile is characteristic of magnetic stack-
ing defects perpendicularly to the ab plane.   
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Electronic and magnetic properties of chiral magnets 

of B20 structure (Fig.1) are strongly coupled, which 

now attracts considerable interest. Due to the non 

centrosymmetric space group, the relativistic spin 

orbit coupling also called Dzyaloshinskii-Moryia 

(DM) interaction does not cancel.   The competition 

between ferroma-

gnetic exchange 

and DM anisotro-

py results in a 

small twist of the 

spin order. Long 

period helixes are 

stabilized, up to 

180 Ǻ in MnSi 

and 900 Ǻ in 

FeGe. Moreo-

ver, in the B20 

family the band structure strongly varies, from an 

itinerant metal (MnSi, FeGe) to a Kondo insulator 

(FeSi), and is influenced by pressure and chemical 

substitution. MnSi and FeGe magnetism shows many 

exotic features, such as pressure induced quantum 

transition1, swiss-roll helical structure, magnetic 

blue phase2 or “skyrmions” multi-helical textures 

under magnetic field. Coupling magnetic and electric 

degrees of freedom yields even more interesting 

effects: a motion of the skyrmion lattice is induced 

under electric field, and a Topological Hall Effect 

(THE) is observed in the skyrmionic phase, with 

potential applications for the next generation of spin-

tronic devices.   

 MnGe has been much less studied, since its synthesis 

at 8 GPa pressure and 1600 C is difficult and the 

sample only exists in powder form. Surprisingly, 

MnGe shows the shortest helical wavelength (Fig. 2) 

and the largest THE response among the B20 Chiral 

magnets3.   We investigated the crystal structure of 

MnGe by high resolution powder diffraction on 3T2. 

We also studied the magnetic structure versus tem-

perature with great accuracy on G6.1 and G4.1, 

using cold neutrons to observe the satellite of the 

Q=0 reflection, unobserved before. We show that 

the crystal and magnetic structure are intrinsically 

connected, so that the spiral order is concomitant 

with a small lattice distortion4. We also started 

the first neutron study of MnGe under pressure. 

 At low temperature the helical magnetic order is 

clearly evidenced by an intense zero satellite, 

whose position evolves with temperature (Fig. 

3a). Satellites of the nuclear Bragg peaks with 

much weaker intensity are also observed. All 

reflections are indexed with a propagation vector 

K=(00x), which increases upon cooling and satu-

rates at a 0.167(4) r.l.i. below 30K, close to the 

commensurate value  of 1/6. Magnetic refine-

ments yield a regular helix whose wavelength 

decreases from about 60 Ǻ just below TN to 

about 38 Ǻ below 30K. Nuclear Bragg peaks 

show a small broadening at TN, suggesting that 

the transition is accompanied by a small lattice 

distortion (Fig. 3b). Considering that the 111 

peak does not split, we assume that this symme-

try lowering stabilizes an orthorhombic structure.  

The most intriguing features of the MnGe mag-

netic structure, which contrast with that of MnSi 

are: 1) a much higher magnetic transition (TN= 

170K) and ordered magnetic moment (M0= 

2.3µB) instead of TN=29.5K and M0=0.4µB in 

MnSi. 2) a much smaller helical wavelength (50 

Ǻ instead of 180 Ǻ). 3) a strong temperature 

dependence  of the helical wavelength 4) a lattice 

distortion at TN and 5) a lock-in transition at 

30K. The high TN value combined with the small 

helical wavelength suggests that the spin orbit 

coupling is considerably enhanced. To get an 

O. L.  Makarova a,b, M. Deutschb, F. Porcherb, A. V. Tsvyashchenkoc , I. Mirebeaub  

Neutron diffraction study of the chiral magnet MnGe 

Figure 2:   helical magnetic structure of MnGe.  

Figure 1: the B20 structure 
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insight on these interactions, mean field 

calculations and spin waves measurements 

are on the way. 

High pressure diffraction measurements are 

being performed on G6.1-MICRO, using 

the focusing devices and the newly installed 

bi-dimensional detector (Fig. 4a). In con-

trast with MnSi, where a small pressure of 

1.4 GPa “kills” the helical order, the helixes 

of MnGe persist up to the highest pressure 

of 3.5 GPa. Here, the high intensity and 

neutron wavelength of the new G6.1 are 

crucial.  Thanks to the 2D character of the 

detector, we have also observed that the 

helixes reorient along the axis of the pres-

sure cell (Fig. 4b). This magnetic texture, 

similar to that induced by a magnetic field5, 

suggests a pressure-induced structural tran-

sition, whose fingerprints are also seen on 

the nuclear Bragg peaks. A hypothesis to 

check in future.  

1. S. Mulhbauer et al., Science 323 915, (2009).  

2. A. Hamann et al., Phys. Rev. Lett. 107, 037207, (2011). 

3. N. Kanazawa et al., Phys. Rev. Lett. 106, 156603, (2011). 

4. O. L. Makarova et al., Phys. Rev. B  85, 205205 (2012). 

5. N. Kanazawa et al., Phys. Rev. B  86, 134425, (2012). 

References  

Figure 3: (a) the zero satellite measured on G6.1 and (b) the orthorhombic splitting measured on 
3T2. 

Figure 4: (a) the 2D detector and focusing devices on G6.1 in 
high pressure version. (b) The pressure induced magnetic tex-
ture is clearly visible on the zero satellite using the 2D detec-
tor, by an enhancement of the intensity along the axis of the 
pressure cell.   
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Fe1+yTe is a parent compound in the family of 

iron-based high-temperature superconductors 

and develops long range antiferromagnetic 

order at low temperatures. The ordering wave 

vector depends on y, the occupation of inter-

stitial sites with excess iron: it is commensu-

rate for low y and becomes incommensurate 

for high y. The origin of this behavior is con-

troversial. Using inelastic neutron scattering 

on Fe1.08 Te, we find incommensurate magnetic 

fluctuations above the Néel temperature, even 

though the ordered state is commensurate.  

This behavior can be understood in terms of a 

competition between commensurate and in-

commensurate order, which we explain as a 

lock-in transition caused by the magnetic 

anisotropy. 

Fe1+yTe1−xSex belongs to the recently discov-

ered iron-based superconductors (FeSCs)1 with 

quite high transition temperatures. These com-

pounds contain a simple square lattice of iron 

atoms, coordinated with pnictogen or chalco-

gen atoms forming planes of tetrahedra. Their 

high-Tc superconductivity may be related to 

the magnetic order2, which seems to be the 

result of Fermi-surface nesting3. There is also 

intrinsic interest in magnetism in these materi-

als, but it has not been as extensively explored. 

The magnetic order in the x = 0 endpoint of 

the Fe1+yTe1−x Sex series is a highly unusual 

“bicollinear” magnetic structure4 with a 

wave vector along  

qAFM = [1/2, 0, 1/2]. The ordering 

wave vector is commensurate for small 

y and  becomes incommensurate near 

the critical value y = 0.12 . 

We made a detailed inelastic neutron 

scattering (INS) investigation of a sam-

ple with intermediate y = 0.08 on the 

1T1 triple-axis spectrometer at the 

Laboratoire Léon Brillouin5. We found 

strong evidence for competition be-

tween commensurate and incommensu-

rate ordering in the form of spin excita-

tions which abruptly shift from the 

incommensurate qinc ≈ [0.45, 0, 0.5] to 

the commensurate wave vector qAFM = 

[1/2, 0, 1/2 ] when passing below the 

Néel temperature TN (see Fig. 1). Fig. 2 

shows S(q,ω), and summarizes the 

energy and wave-vector dependence of 

Figure 1 Scans through [H,0, 12 ] with E = 

6 meV, taken above and below TN = 67.5 K. 

The black horizontal bar shows the estimated 

resolution width. The shift of the spin fluctua-

tions from the commensurate to incommensura-

te position (when warming from the ordered to 

paramagnetic state) is also shown. Data are 

background-substracted, and offset for clarity. 

the magnetic inelastic scattering above and below 

TN. Above TN it is incommensurate, broad, and 

ungapped. Below TN it is commensurate, narrow, 

and gapped. Both have nearly vertical dispersion 

within the experimental uncertainty. 

Upon approaching the Néel transition from abo-

ve, the height of the incommensurate peak beco-

mes greater. This can largely be accounted for by 

enhanced correlations along the c-axis, preserving 

the overall intensity (data not shown). This beha-

vior is reminiscent  of a second-order transition, 

in which critical fluctuations build up eventually 

condensing into a new Bragg peak. However, 

close to TN, the intensity of the incommensurate 

Figure 2 : Energy dependance of the spin exci-

tations. S(q,ω) at T = 70 K (a) and 11 K (b). 

The data have been smoothed and background-

substracted. Intensity is plotted on a loga-

rithmic scale (arb. units).  
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tures both an orthorhombic distortion with shorte-

ning along the b axis, as well as a monoclinic shea-

ring of Te planes along the a axis. Thus the crystal 

field environment becomes anisotropic, and the 

degeneracy between the dxz and dyz orbitals is lifted. 

This anisotropy creates an energy gap, which „locks

-in“ the spins along the b axis, even though the ex-

change energy would prefer an incommensurate 

value. At higher doping, the incommensurabilty is 

greater, and eventually the penalty from the ex-

change energy to form a commensurate wavevector 

outweighs the benefit of the anisotropy gap. At this 

doping, the ordering becomes incommensurate. 

To conclude, we have observed clear signatures of a 

competition between commensurate and incom-

mensurate magnetism in a well-characterized sam-

ple of Fe1.08 Te. We find incommensurate fluctuati-

ons above TN, which give way to commensurate 

order below TN with a gap in the excitation 

spectrum. This behavior can be understood in 

terms of a lock-in transition induced by the spin 

anisotropy gap which is present in the monoclinic 

bicollinear phase and absent in the tetragonal phase. 
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fluctuations drops rapidly to zero. At the 

same time, a magnetic Bragg peak appears at 

the commensurate wavevector, with a rapid 

rise of the intensity characteristic of a first-

order transition. This magnetic transition is 

concurrent with a change in structure from 

tetragonal to monoclinic (Fig. 3). 

Our results may be captured by a simple 

model, in which the spin rotation symmetry 

is explicitely broken by the single-ion ani-

sotropy. The low T monoclinic phase fea-

Figure 3 : Temperature dependance of the magnetic and structural behavi-

or. (a) Peak intensities of the incommensurate magnetic excitation and the  

[1.5, 0, 0.5] magnetic Bragg peak as a function of temperature. Inset: 

Map of reciprocal space, showing the locations of the scans. 

(b) Width of the [0,0,4] nuclear Bragg peak (an indicator of 

monoclinic splitting) as a function of  temperature, showing 

the structural transition at 67.5 K. This is plotted together 

with the intensity of the [2.5,0,0.5] magnetic Bragg peak, 

demonstrating the close coincidence between the structural 

and magnetic scattering. 

Figure 4 : Schematic of the magnetic energy in Fe1+y at zero tempera-

ture, for two values of the excess iron concentration. 
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In the phase diagram of cuprate superconductors, 
a phase of "pseudo-gap" appears as a precursor of 
the superconducting state. Without defining a 
perfect superconducting gap, the electronic struc-
ture of this phase shows a very low density of 
states around the Fermi level, and condensed 
matter physicists regard it as the "Rosetta Stone" 
to help to discover the fundamental physical prin-
ciples at the origin of the exotic properties of 
these materials. 

Since 2006, measurements of elastic scattering of 

spin polarized neutron give new information on 

this phase. These measurements in fact reveal the 

presence of long-range magnetic order1,2. The 

magnetic state, observed similarly in 4 families of 

cuprate superconductors, is consis-

tent with the existence of a state of 

orbital currents charges loops, as pro-

posed in the theory of pseudo-gap 

of C. M. Varma3. In this model, the 

current loops appear spontaneously 

in every unit cell between copper 

and neighboring oxygen when the 

material enters the pseudogap phase 

and scattering measurements of 

polarized neutrons carry the signa-

ture of the induced orbital magnetic 

moment. 

Associated with the magnetic order-
ing of the system, an order parame-
ter can be defined that has a degen-
eracy of four basic states defined by 
the rotation direction of the current 

loops (see Fig. 1). This degeneracy enables the 
emergence of collective electronic excitations in 
the system, which are also characteristics of the 
established order. Collective fluctuations in the 
condensed system in one of the four basic states, 
allow the system to be excited in any of the other 
3 (Fig. 1)4.  

In 2010, measurements of inelastic neutron scat-

tering have revealed the existence of a first mag-

netic excitation specific to the pseudogap phase in the 

monolayer compound5  HgBa2CuO4+d. This al-

most non-dispersive excitation is compatible with 

a simple reversal of the current loops. Following 

this initial observation, the theoretical predictions 

were refined6. In a simple system (such as com-

Yuan Lia,b G. Yuc, M. K. Chanc, V. Balédentd, Yangmu Lic, N. Barišićc,e, X. Zhaoc,f, K. Hradilg, R. A. Moleh,  

Y. Sidisd, P. Steffensi, P. Bourgesd, M. Grevenc   

New step towards the search for the origin of high-
transition temperature superconductivity: exploration of 
the phase diagram and observation of magnetic excitation 
modes in cuprates    

Understanding the origin of new supraconduc-
tivities is a major challenge and essential for 
the development of these materials and their 
current and future applications. Prior to the 
recently discovered pnictides, cuprates still 
hold the record temperature for superconduc-
tivity. For this class of material, magnetism 
plays a central role in the phase diagram that 
it is therefore necessary to explore, in close con-
nection with the properties of superconductiv-
ity.  
A collaboration of researchers (German, Chi-
nese and French of LLB) investigated by neu-

tron scattering the spin-polarized magnetic 
phase diagram of these compounds as well as 
different modes of magnetic excitations associ-
ated. All of the available modes predicted by 
the original loop currents theory of C. M. 
Varma, assigning a magnetic cause to the ori-
gin of superconductivity in these compounds, 
have been observed. 

Figure 1: Generic phase diagram temperature-oxygen concentration in 

cuprates. QCP is the "Quantum Critical Point", the critical point at zero 

temperature.  
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pound HgBa2CuO4+x), the theory predicts the exis-

tence of three collective excitations (Fig. 2): two 

possibly observable by inelastic neutron scattering 

( 1, 2) and a third observable by inelastic scatter-

ing of rays X or Raman spectroscopy ( 3). Recent 

measurements of inelastic neutron scattering on 

two samples of HgBa2CuO4+d just confirmed the 

existence of the second magnetic excitation mode 

observable by neutron scattering in the pseudogap 

phase7.  

The observation of a magnetic order in the pseu-

dogap state and of a single excitation spectrum, 

brings credit to the theory of loop currents of C. 

M. Varma. The work carried out in synergy be-

tween experiment and theory opens new perspec-

tives for understanding the electronic properties of 

exotic superconducting cuprates. It remains to 

prove that the magnetic coupling from current 

loops is at the origin of the unconventional super-

conductivity in these materials.  
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Figure 2.: A) 4 states of current loops . B) Collective excitations (ω1, ω2, ω3) theoretically predicted . C) Observation of two excitations active in neutron spec-

troscopy in two separate samples (OP95 red and UD65 blue) of HgBa2CuO4+d  
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zation from glass 
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and by DFT calculations: the example of the ternary Mo-Ni-Re σ phase 
K. Yaqoob, J.-C. Crivello, J.-M. Joubert and F. Porcher 

AXE 2:  AXE 2:  AXE 2:     

Materials and Nanosciences : Fundamental Materials and Nanosciences : Fundamental Materials and Nanosciences : Fundamental 

Studies and Applications.Studies and Applications.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 specifically, the follow-

ing areas are addressed at the LLB: Magnetic nanostructures (metallic layers, oxide epitaxial layers, nanoparti-

cles) 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) where Textures and Strain heterogeneities are studied by diffraction in various alloys or nuclear 

materials; 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) where the local atomic order is also 

investigated by diffraction. 
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The structure of the metallic pnictides (below P) was measured by neutron diffraction at the 7C2 

diffractometer at LLB by several groups2,3,4.  It is 

found that the RDF exhibits an asymmetric shape 

of the first hard sphere (HS) peak and a sub-

structure between the first and second HS peaks, 

which manifests itself in an additional intermediate 

peak in As, as a hump in Sb and as a shoulder in Bi 

(Fig. 1).  The distorted structure observed in l-As, 

diminishes along the metallic pnictide series.  In 

agreement, the number of nearest neighbors in-

creases along the series from a coordination num-

ber of 3 for As to 6 for Sb or As at high pressure1,2.  

In Bi the coordination number increases further to 

8 implying a possible transition to a bcc-like struc-

ture.    

The quasi-crystalline model (QCM) analyses the 
short range order (SRO) of the liquid in terms of 
an underlying crystal lattice structure.  In this 
model, the liquid structure is characterized by: (i) 
a lattice symmetry; (ii) lattice parameters; (iii) 
thermal broadening and (iv) a persistence length 
scale of SRO in the liquid.  These parameters are 
determined by fitting the experimental RDF to the 
model, providing both a definition of SRO of the 
liquid and its symmetry and is therefore well sui-
ted to the analysis of extensive experimental data. 
The QCM has been shown to reproduce the RDF 
of simple elemental liquids and has been applied to 
interpret the structure of more complex liquids 
such as He, Hg and Ga.   
The radial distribution function, g(r), of a solid 
crystal, may be modeled by summing the contri-
butions of spherical shells of atoms at distances ri 
from a reference atom located at the origin.  At 

Y. Shora, E. Yahelb , E.N. Caspib, Y. Greenbergb, B. Beuneuc, G. Makova 

Short range order in anomalous liquid metals 1 

We present an analysis of the short range 

order in liquids using a modified quasi-

crystalline model of liquid structure. This 

model is shown to fit the experimental radial 

distribution function (RDF) very well.  We 

apply this model to measurements of the struc-

ture factors of the pnictides taken at the 7C2 

diffractometer.  We find that the short range 

order in the liquid pnictides is dominated by 

an A7-like structure with two types of bonds, 

in close agreement with the underlying solid 

phase. The existence of two bond lengths is 

necessary, within this model, to explain the 

asymmetry in the first peak as well as the 

change in coordination number along the 

pnictide series. 

Figure 1: Radial distribution functions of the metallic pnic-
tides and the least squares fit to a split A7 symmetry with 
and without displacement. 
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zero temperature and in an ideal crystal, each 

such contribution has the form of a  function.  

At finite temperatures, each such contribution is 
smeared out in a Gaussian form:  

 
where ni is the number of atoms on the ith shell of 

atoms, located at radius ri about the origin. 

In a solid crystal, the variance σi, originates from 

thermal excitations, is independent of the shell 

number i and is determined entirely by the tempe-

rature and the elastic restoring force.  The QCM of 

liquid structure assumes that the RDF of the liquid 

may be obtained in terms of an underlying crystalli-

ne lattice, by allowing the Gaussian distribution 

width to increase with increasing distance from the 

reference atom at the origin.  Thus, at long distan-

ces, the structure is smeared out, namely uncorre-

lated and there remains no indication of the under-

lying crystalline order. 

In the present work we found that simple linear 

models of the variance are insufficient to represent 

the experimentally determined RDF of liquids from 

group V.  We allowed the variances of each shell to 

vary independently up to a certain shell and from 

then onwards to represent them by a linear model. 

This model we shall term as “the independent va-

riances model”.  

A successful fit to the RDFs of the liquid pnictides 

was only achieved for the A7-like structure and 

furthermore this fit was improved if the first nea-

rest neighbours were divided into two sub-groups 

displaced from each other by a short distance (Fig. 

2).  This short range order is in excellent agree-

ment with the crystal structure of these elements in 

their solid state and in particular in the distances of 

the first nearest neighbours.  
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Figure 2: Detailed blow-up of the short range order in the QCM show-
ing the displacement of the two subshells of the first nearest neighbours 
and their contribution to the total RDF.  
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Synthesis of the barium aluminate glass precursor 

employed an aerodynamic levitator system equip-

ped with two CO2 lasers allowing for the high 

temperature melt (2100°C) and rapid quenching 

of a 33.3BaO-66.7Al2O3 molar nominal composi-

tion under contactless conditions. Differential 

scanning calorimetry (DSC) data collected as a 

function of temperature clearly show the glass 

transition, a strong exothermic peak correspon-

ding to crystallization of the α phase and a broader 

second exothermic peak corresponding to the α- 

to β-BaAl4O7 transition. TEM studies of the resul-

ting materials reveal pore free, fully dense poly-

crystalline microstructures with extremely thin 

grain boundaries (Fig. 1). Large micron scale 

grains are observed; with a slight increase in do-

main size on transition from the α (0.5-2 μm) to 

β polymorphs (1-5μm).  

Structural details of both BaAl4O7 polymorphs 

were elucidated by a combination of transmission 

electron microscopy and powder diffraction data 

from high-resolution synchrotron and neutron 

instruments. Reciprocal space reconstruction 

using electron diffraction data finds orthorhombic 

symmetry for both polymorphs with no systematic 

extinctions, implying primitive (P) lattices and 

hk0: k=2n and hk0: h+k=2n special existence 

conditions, suggesting Pm21b  and Pm21n space 

groups for the α and β BaAl4O7 polymorphs, res-

pectively. Electron diffraction also affirms that 

both crystalline BaAl4O7 phases are free from su-

perstructure (extra reflections) and residual non-

crystalline phases (diffuse streaks). Bragg peaks in 

the synchrotron powder diffraction data were 

successfully indexed using an orthorhombic cell 

with unit cell parameters: a=12.8821(4)Å, 

b=10.2357(3)Å and c=4.9075(2)Å for α-

BaAl4O7, and a=12.7735(4)Å, b=9.1930(3)Å and 

c=5.5485(2)Å for β-BaAl4O7. For each possible 

space group ab initio structure determination was 

performed against the synchrotron powder diffrac-

tion data using the Superflip program implemen-

ted in the Jana software package. This approach 

assisted in the identification of all cation and most 

oxygen positions for the two phases. Rietveld 

method refinements of the proposed structures 

against neutron powder diffraction data aided in 

the ascertainment of final oxygen positions by an 

inspection of Fourier maps, and provided more 

reliable atomic thermal parameters for the clari-

fied models. 

The best structural models, validated by their 

statically match with the diffraction data, were 

M. Allixa, S. Alahrachea, F. Fayona, M. Suchomelb, F. Porcherc, T. Cardinald, G. Matzena  

Novel highly transparent BaAl4O7 ceramic obtained by 
full crystallization from glass 

Transparent polycrystalline ceramics are an 

emerging class of photonic quality materials 

competing with single crystal technology for a 

diverse range of optical applications. A limited 

number of either cubic or nano-crystalline 

transparent polycrystalline ceramics are 

known, but require complex and time-

consuming synthetic approaches. Here we show 

for the first time that fully dense transparent 

polycrystalline ceramics can be simply ob-

tained by direct and complete crystallization 

from glass. 

 This is demonstrated for the previously unre-

ported composition, BaAl4O7, which exhibits 

two orthorhombic polymorphs with micron 

grain size, both optically transparent in the 

visible range. This innovative synthetic route 

to transparent polycrystalline ceramics should 

facilitate the discovery of new cost-effective 

chemistries for transparent ceramic applica-

tions. 



 

27 

obtained with Pm21b and Pm21n space groups, for α and β 

phases respectively.   

The structures of the two BaAl4O7 polymorphs are presen-

ted in the top figure. Both polymorphs exhibit full site oc-

cupancy on two 2a Ba sites, four 4b Al sites and eight (six 4b 

and two 2a) O sites. Seven of the oxygen atoms form large 

polyhedra surrounding Ba cations, which in turn fill chan-

nels created by corner sharing AlO4 tetrahedra. The remai-

ning oxygen anions are effectively shared by three AlO4 

tetrahedra in an unusual tri-coordinated environment pre-

viously observed for select calcium and strontium alumina-

tes. Interestingly, the fraction of tri-coordinated oxygen 

anions in BaAl4O7 is higher in the β polymorph (28.6% of 

all anions) than in the α (21.4% ).  

The exceptional transparency displayed by both crystalline 

BaAl4O7 polymorphs is even more remarkably given their 

large micron-scale grain size and anisotropic crystal struc-

tures. Experimental measured average refractive index val-

ues (n) for the polished BaAl4O7 glass and polycrystalline 

samples are nearly constant (n=1.66 at l = 514.5 nm). This 

equates to an 88% maximum theoretical transmittance value 

for the three materials. These theoretical values were com-

pared with experimental measured transmission spectra 

using a commercial spectrophotometer. Transparency in the 

glass sample is found to match the theoretical value all over 

the entire visible and the near IR range proving the absence 

of scattering centers within the quenched sample. For the 

sintered polycrystalline ceramics, the α-BaAl4O7 polymorph 

displays outstanding transparency over a wide range of 

wavelengths from the IR well into the visible range, with a 

measured transmission value of 59.2% at 633 nm. The β-

BaAl4O7 polymorph shows a respectable 39.5% transmission 

value at 633 nm. 

All previous reports of transparency in anisotropic (non-

cubic) polycrystalline ceramics have required specific syn-

thesis approaches to achieve nanometer-size domains. To 

better understand the surprisingly high transparency shown 

by these new anisotropic BaAl4O7 polymorphs with micron 

scale microstructure, we have performed density functional 

theory (DFT) calculations of the dielectric function ε(ω) 

from the periodic structures of the two polymorphs. The 

refractive indexes were then deduced. The as-calculated 

average refractive indexes at  = 514.5 nm are in good 

agreement with the measured values but the main interest 

here lies in the birefringence determination. The refractive 

index spectra of the two polymorphs calculated for the 

(100), (010) and (001) polarizations are very close over a 

wide wavelength range, leading to a weak calculated bire-

fringence (from 0.014 to 0.010 for the α-phase and 0.009 

for the β-phase). High transparency is thus a consequence of 

the rather small birefringence between different polariza-

tions direction. We speculate that the grain size variation 

observed by microscopy in α- and β-phases is the origin of 

the transparency difference between polymorphs. These 

birefringence results for the polycrystalline BaAl4O7 ceram-

ics suggests that, contrary to previous assumptions, struc-

tural and optical isotropy is not a prerequisite to achieve 

macroscopic transparency in micron scale grain ceramics. 

Therefore, the combination of weak birefringence, high 

density (absence of pores) and very thin grain boundaries 

allows the achievement of transparent ceramic with micron 

grain scale.  

1. M.Allix, S.Alahrache, F.Fayon, M.Suchomel, F.Porcher, T.Cardinal, G.Matzen, 

Advanced Mater., 24 5570-5575 (2012). 
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Figure 1: (top) Rietveld refinement plot of ambient temperature 

powder neutron diffraction data. (down) Bright field and dark field 

transmission electron microscopy images for the β-BaAl4O7 poly-

morph showing high density, narrow grain boundaries (small arrows) 

and fine microstructures (~ 1-5μm grain size). 
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RE2NiO4+δ (RE=Nd, Pr) are today the most promi-
sing candidates as oxygen membranes or electroly-
tes in Solid Oxide Fuel Cells (SOFCs), as they show 
high oxygen ion mobility at already room tempera-
ture. These compound crystallize in the K2NiF4 
structure type and can accommodate extra oxygen 
atoms on interstitial sites, the non-stoichiometric 

region being 0 <  < 0.25. As fairly high oxygen 
ion conduction is already observed even at ambient 

temperature for Nd2NiO4+δ and Pr2NiO4+δ,  can 
be easily varied by electrochemical techniques in a 
reversible topotactic reaction in an aqueous alkaline 
electrolyte.  

Stoichiometric RE2NiO4.00 shows at ambient tempe-
rature the LTO structure type (space group Bmab), 
with 3D ordered tilting of the NiO6 octahedra1. 
Intercalating additional oxygen atoms generally 

results for δ < 0.2 into a structural disordered sta-
te, all superstructure reflections are lost and the 
space group changes to Fmmm. Additional oxygen 

uptake beyond δ > 0.2 is 
surprisingly accompanied 
by a complex disorder-
order transition, which is 
supposed to concern pre-
dominantly the extra and 
apical oxygen atoms. Pre-
vious tests on single crys-
tal and powder diffraction 
lead us to conclude on the 
formation of a complex 
incommensurate supers-
tructure. This gives evi-
dence to the formation of a 
highly ordered oxygen 

sublattice for about δ > 
0.2. The structural des-
cription of these ordered 

phases is of general importance for the understanding 
of the underlying low T oxygen mobility mechanisms 
in these phases.  

For this reason we have investigated the phase diagram 

of Nd2NiO4+δ and Pr2NiO4+δ at ambient temperature as 

a function of , by following the oxygen intercalation 
reaction by in situ neutron powder diffraction. The 
reaction kinetics is controlled electrochemically as well 
as the oxygen stoichiometry by the following formula:  

RE2NiO4.00 + δO2-      RE2NiO4+δ + 2δe-            (1) 

This reaction has been carried out in a specially desi-

gned electrochemical cell equipped with working, 

counter and reference electrodes3. The basic aim is to 

follow the structural and magnetic evolution of the 

stoichiometric RE2NiO4.00 up to a maximum electron 

transfer of about 0.5 e-/formula units, corresponding 

to RE2NiO4.25.  

In situ neutron powder diffraction (NPD) studies were 

performed on the G4.1 (with  = 2.422(2) Å) two-
axis diffractometer of the LLB in Saclay (Orphée reac-
tor).   

All the electrochemical reduction/oxidation reactions 

were carried out in galvanostatic mode, applying a 

constant current allowing direct correlation of the 

structural and magnetic evolutions with the charge 

transfer (eq. 1).  

Time-resolved NPD diagrams measured in situ during 

the electrochemical reduction-oxidation of Nd2NiO4+δ 

are shown in Fig. 1, as a function of the charge trans-

fer. According to the pattern evolution, a rich phase 

sequence becomes evident during the reaction. The 

reduction of Nd2NiO4.25 to δ = 0, is associated with a 

charge transfer (n) of n=0.5 electron/formula unit (e- 

M. Cerettia, O. Wahyudib,c, A. Villesuzannec, J.M. Bassatc, G. Andréd, F. Porcherd, W. Paulusa 

Structural evolution of RE2NiO4+δ (RE=Nd, Pr) 
studied during electrochemical oxygen intercalation by 
in situ neutron powder diffraction 

Oxygen ion conductors at low temperatures 

are materials of major interest for a series of 

applications in the area of solid state ionics 

(fuel cells, battery electrodes, sensors, cata-

lysts etc.). Nevertheless, solid oxygen ion con-

ductors work reasonably only at fairly high 

operating temperatures, which make their 

application, especially for fuel cells, rather 

limited. Various compounds with K2NiF4 type 

structure have however shown topotactic oxy-

gen uptake by electrochemical reaction at am-

bient temperature and thus are key systems to 

better understand the low temperature oxygen 

diffusion mechanism. 

In this study we investigated for the first time 

the oxygen mobility by in situ neutron powder 

diffraction during electrochemical oxygen inter-

calation in Nd2NiO4+δ and Pr2NiO4+δ. This allo-

wed real time observation of the structural/

phase change as a function of the charge trans-

fer, and thus of the oxygen stoichiometry. 

Figure 1: Evolution of the NPD patterns obtained in situ 
during the electrochemical reduction-oxidation of 

Nd2NiO4+δ (G41, l = 2.422(2)Å). The dotted ellipsoid 
shows the incommensurate superstructure reflections of the 
starting compound (fully oxidized). 
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/ f.u.). The starting material was thus proven to be 

Nd2NiO4.245 , lattice parameters were refined in the 

Fmmm space group (a =5.3688(5)Å, b =5.4431(6) Å, c 

= 12.351(2) Å). Sufficiently strong incommensurate 

peaks could have been observed in the highly oxidized 

phase. Upon reduction a two phase region is found 

between n = 0.04 e- / f.u. and n = 0.28 e- / f.u, whe-

re orthorhombic Fmmm and tetragonal P42/ncm phases 

co-exist (0.23 > δ > 0.11). Incommensurate peaks 

disappear with the transformation to the tetragonal 

symmetry. The pure tetragonal P42/ncm phase exists 

for 0.28 < n < 0.39 e- / f.u. (0.11 > δ > 0.055). 

Approaching the stoichiometric Nd2NiO4.0 phase, te-

tragonal P42/ncm and orthorhombic Bmab phases 

coexist for 0<  <0.02. On further reduction, the 

single phase Bmab region is reached. A weak (101) 

peak intensity indicates AF magnetic ordering for stoi-

chiometric Nd2NiO4.0 at ambient T, showing a propa-

gation vector k = [1 0 0] and a magnetic moment of 

0.686μB. The refined lattice parameters of stoichio-

metric Nd2NiO4.0 are a = 5.3759 (5) Å, b = 5.5759 

(5) Å, c = 12.104 (1) Å.  

Upon oxidation the reaction was shown to be not fully 

reversible but stops at a stoichiometry of Nd2NiO4.10; 

structural investigation of this phase on 3T2 ( = 1.225

(3) Å) revealed a P42/ncm structure (a=b=5.4549(5) 

Å, c =12.2004(1) Å). Fig. 2 shows both observed and 

calculated NPD, illustrating clearly the presence of a P-

type (104) superstructure reflection  

In Fig. 3 we report the phase diagram as a function of the 
oxygen stoichiometry as well the corresponding structu-

re. The reduction pathway of Pr2NiO4+δ follows the same 
series of phases found during the reduction of the Nd 
homologue, ranging from an incommensurate Fmmm 
starting compound passing via an ordered intermediate 

tetragonal P42/ncm single phase for 0.12 < δ < 0.13, to 
the AF ordered stoichiometric Bmab Pr2NiO4.00. Surpris-
ingly Pr2NiO4.00 indicate a different intercalation mecha-
nism upon oxidation. While electrochemically reduced 
Nd2NiO4.0 can be re-oxidized up to Nd2NiO4.10 only, the 
homologous Pr-phase re-intercalates oxygen up to a 

stoichiometry of δ=0.23. This is an important difference 
which we interpret to be related to the slightly higher 
ionic radius of Pr3+ compared to Nd3+. Comparing the 

structure of Nd2NiO4+δ to that of Pr2NiO4+δ, the slightly 
reduced c lattice parameter may be responsible that the 
oxygen intercalation is no longer reversible, probably 
related to lattice strain. The short c (c = 12.20 Å for 

Nd2NiO4+δ and c = 12.28 Å for Pr2NiO4+δ) parameter 
results in a short inter-octahedral distance. Strong anisot-
ropic and disk shaped apical oxygen atoms suggest a simi-
lar associated modified lattice dynamics as recently evi-
denced by us4 for La2CuO4.07. 

Nd2NiO4+δ and Pr2NiO4+δ phases are promising to access 
a better understanding the underlying mechanisms ex-
plaining low temperature oxygen mobility in K2NiF4 type 
structures. 

1. Y. Toyosumi et al., J. Alloys and Compounds 408‐412 (2006) 1200‐1204. 
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4. A Villesuzanne et al., J. Solid State Electrochem. 15, 2 (2012), 357 

5. O. Wayudi, PhD Thesis, University Rennes 1, Dec. 2011  
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Figure 2: Neutron powder diffraction pattern of the Nd2NiO4.10 interme-
diate phase showing observed (black scattered points), calculated (red solid 
line) and the difference (blue solid line) diffraction profiles. Inset shows a 

zoom of the region 23°-32° in 2θ  

Figure 3: Phase diagram for Nd2NiO4+δ as a function of the 

oxygen stoichiometry  and associated structures. 
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Molecular magnetism gets increasing interest since 

the discovery of the first single-molecule magnet 

[Mn12], which behaves like a magnet at the mo-

lecular level below a certain temperature called 

blocking temperature1. One of the conditions for 

the future application of these nano-objects in the 

storage of information is the existence of a high 

energy barrier between the two spin states ±S, 

which requires a strong axial anisotropy. It is 

therefore very important to control the factors 

favoring this type of anisotropy, in particular the 

influence of molecular geometry on the magnetic 

anisotropy. 

The magnetization of each atomic site of an anisot-

ropic compound is not collinear with the magnetic 

field applied. In addition, it varies greatly depending 

on the direction of the applied field, as shown in the 

figure for a molecular complex of Co2+. In this case, 

macroscopic magnetic measurements are inadequate 

because they only give information on the resulting 

magnetic moment induced in a fixed direction and 

therefore can not characterize the magnetic anisot-

ropy at the microscopic level.  

Neutrons, carrying a spin, are sensitive to magnet-

ism by dipolar interaction with electronic magnetic 

moments that are responsible for the magnetism in 

the material. Spin polarized neutron diffraction en-

ables to probe the real distribution of the magnetic 

moments in magnitude and direction in the crystal-

line lattice, in particular for highly anisotropic para-

magnetic compounds.   

The recent development in the Laboratoire Léon 

Brillouin (LLB) of a methodology for analyzing these 

data2 based on the local magnetic susceptibility ten-

sor, allows to visualize the moments acting on dif-

ferent atomic sites. This approach used so far only 

for inorganic compounds has been successfully ap-

plied for the first time to the study of magneto-

structural relationships in a molecular compound, 

[Co2(sym-hmp)2](BPh4)2]  where hmp = hydroxy-

methylpyridine [3].   

This molecule is composed of two Co2+ ions con-

nected by two bridging oxygens in the heart of the 

organometallic complex [Co2(sym-hmp)2]
2+. Each 

A. Bortaa, B. Gillonb, A. Gukasovb, A. Coussonb, D. Luneaua, E. Jeanneaua, I. Ciumacova, H. Sakiyamac, K. 

Tonec, M. Mikuriyad  

Molecular magnetism: probing the local anisotropy 
with polarized neutrons   

A current challenge in molecular engineering is 

the storage of information at the molecular 

level. A key point in this area is the control of 

the parameters that govern the molecular mag-

netic anisotropy. Among other things, it is essen-

tial to understand magneto-structural relation-

ships that play a role in this anisotropy.  

The macroscopic measurements of magnetic sus-

ceptibility and magnetization providing only 

global behavior of the material. It is therefore 

necessary to have a method of investigation at 

the microscopic level. We showed that the polar-

ized neutron diffraction provides a powerful 

tool for the study of the magnetic anisotropy in 

the field of molecular magnetism. The ap-

proach using local magnetic susceptibility 

tensors allows to visualize the magnetic mo-

ments on each atomic site of the molecule.  

Figure 1: Left: Contents of crystallographic lattice for the compound  [Co2(sym-hmp)2]

(BPh4)2] (  Co,  N,  O). BPh4 molecules are omitted for clarity . Right: Magnetic 

susceptibility (T) as a function of the temperature and magnetization M(H) as a function 

of the magnetic field at T = 2K for different directions of the applied field relative to the 

main crystallographic axes.   

http://www-sci.kj.yamagata-u.ac.jp/e_index.html
http://www-sci.kj.yamagata-u.ac.jp/e_index.html
http://sci-tech.ksc.kwansei.ac.jp/en/
http://sci-tech.ksc.kwansei.ac.jp/en/
http://sci-tech.ksc.kwansei.ac.jp/en/
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Co2+ ion is in the center of a distorted octa-

hedron formed by two nitrogen atoms and 

four oxygen atoms. The first magnetic meas-

urements on single crystal clearly show 

highly anisotropic behavior that can be re-

produced within an usual model effective 

antiferromagnetically coupled spin ½,  

whereby the angle3 between the local mo-

ments is 39°, in good agreement with ex-

periment. However, this model is purely 

phenomenological because it does not give 

the true values and orientations of the mo-

ments of Co2+ ions, which have a 3/2 spin.   

The experiment of polarized neutron diffrac-

tion on a single crystal of this compound was 

carried out on the 5C1 diffractometer of the 

Laboratoire Léon Brillouin at low tempera-

ture under a strong magnetic field applied 

along the a main axis. Data analysis by the 

method of local susceptibility tensor provides 

access to the actual value of the magnetic 

moments of the Co2+ ions (3 µB, as expected 

for a spin S = 3/2) and their orientation with re-

spect to the molecular geometry : the obtained 

magnetic moments are symmetric with respect to 

the main symmetry axis (b axis, C2) and in the 

direction perpendicular to the axis of axial distor-

tion of the octahedron centered on each Co2+ ion. 

Their directions thus are in an angle of 37 (± 1) 

degrees.   

In conclusion, polarized neutron diffraction shows 

that the molecular magnetic anisotropy in the Co2+ 

diatomic complex is governed by the local anisot-

ropy of each Co2+ ion (single-ion anisotropy). The 

complex behaves as a system of two ions of spin 

3/2 antiferromagnetically coupled, the directions 

of the local magnetic moments being imposed by 

the local geometry.  

1. R. Sessoli, D. Gatteschi, A. Caneschi, M. A. Novak, Nature 365 (1993) 1413. 

2. A. Gukasov & J. Brown, J. Phys. Cond. Mat. 14 (2002) 8831. 

3. A. Borta, B. Gillon, A. Gukasov, A. Cousson, D. Luneau, E. Jeanneau, I. Ciuma-

cov, H. Sakiyama, K. Tone, and M. Mikuriya, Phys. Rev. B 83 (2011) 184429. 
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Figure 3: Polarized neutron diffractometer 5C1-VIP equipped 

with a PSD detector (Position Sensitive Detector)  

Figure 2: Top: induced magnetic moments of the cobalt atoms by a 7-

Tesla magnetic field H, applied along the a axis. Bottom: View pro-

jected along the b axis (only first neighbors are shown for clarity). The 

same 37°angle is observed between the directions of the moments and 

between the local distortion axes.   
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The determination of site occupancy data for 

binary compounds by Rietveld refinement is a 

rather well established procedure. However, 

obtaining the same type of data for sites in 

which three elements may be present simulta-

neously is a more challenging task. To solve this 

problem, one should use combined Rietveld 

refinement of diffraction of different types i.e. 

in which the diffraction contrast between the 

elements is different, for example, X-ray and 

neutron data when the relative scattering in the 

two techniques is also adequate. On the other 

hand DFT calculations combined in the frame 

of the Bragg-Williams approximation may yield 

calculated site occupancies but are sometimes 

limited by the large number of configurations 

one has to calculate. 

The σ-phase (structure type FeCr, space group 

P42/mnm, 30 atoms per unit cell, 5 inequivalent 

sites: 2a, 4f, 8i1, 8i2, 8j) is a 

hard brittle intermetallic 

compound and deleterious 

effect on the mechanical 

properties of many techno-

logically important systems. 

The main feature of σ-phase 

include its non stoichiome-

try which is accommodated 

by substitutions on different 

sites of the crystal struc-

ture, and its ability to ac-

cept wide homogeneity 

ranges. Qualitatively in σ, larger atoms show 

preference for the sites with high coordination 

number (CN 15 and CN 14) whereas smaller 

atoms occupy the sites with low coordination 

number (CN 12). The present study was the 

first work on ternary s-phase combining experi-

mental and theoretical investigations. 

The site occupancies were determined by both 

experimental and theoretical methods. As the 

substitutional disorder in the ternary σ-phase 

involves three elements, thus the accurate ex-

perimental determination of site occupancies 

required at least two data sets with different 

atomic contrast. Therefore, the experimental 

determination of site occupancies was accom-

plished by combined Rietveld analysis of X-ray 

and neutron diffraction data. The theoretical 

approach for the determination of site occupan-

cies was based on the estimation of enthalpies of 

formation by first principles calculations. Finite 

temperature properties, such as the site occu-

pancies, were determined using the Bragg-

Williams (BW) approximation, which ignores 

the short-range order within the defined sublat-

tices.  

The neutron diffraction measurements were 

performed at Laboratoire Léon Brillouin (LLB, 

CEA-CNRS), Saclay, France using 3T2 instru-

ment. The sample in form of a fine powder (7.5 

grams, <63 microns) was introduced in a sam-

ple holder consisting of vanadium cylinder 

(diameter 6 mm) supported on a cadmium pro-

K. YAqooba, J-c. crivelloa, j-m. jouberta,, f. porcherb 

Comparison of the site occupancies determined by 
combined Rietveld refinement and by DFT calculations: 

the example of the ternary Mo-Ni-Re σ phase 

The site occupancies of Mo-Ni-Re σ-phase have 

been studied as a function of the composition in 

the ternary homogeneity domain by both experi-

mental measurements and calculations. Because 

of the possible simultaneous occupancy of three 

elements on the five sites of the crystal structu-

re, the experimental determination of the site 

occupancies was achieved by using combined 

Rietveld refinement of X-ray and neutron dif-

fraction data whereas the calculation of the site 

occupancies was carried out by using DFT re-

sults of every ordered (i.e. 35 = 243) configura-

tion appearing in the ternary system. The com-

parison of experimental and calculations results 

showed exceptionally good agreement  

Figure 1 : Crystal structure of the s-phase (P42/mnm).  
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tected aluminum cylinder. The measurement was 

performed at room temperature with the Debye-

Scherrer geometry ( = 1.2253 Å). 

The elements constituting the studied system 

gives large scattering contrast in both X-ray and 

neutron diffraction techniques as indicated by 

their atomic numbers (ZMo=42, ZNi=28, 

ZRe=75) and Fermi lengths (bMo=6.7, bNi=10.3, 

bRe= 9.2 fm). On the other hand, they also pre-

sent different scattering contrast in two conside-

red diffraction techniques i.e. Ni is the weakest 

scattering element in the X-ray diffraction expe-

riment and strongest in the neutron diffraction 

experiment. Site occupancies were obtained by 

the Rietveld method allowing the 

three elements on each site with the 

only constraint of refined composi-

tion equal to that alloy. 

The site occupancies determined 

along the line Mo2Re to ReNi2 as a 

function of Ni content are presented 

in Fig. 3. As shown in the plot, the 

Mo and Ni site fractions in Mo-Ni-Re 

σ phase along the line show similar 

variations (either increase or decrea-

se). Ni whose atomic size is significan-

tly smaller than Mo and Re substitutes them 

mainly on the sites with low coordination num-

bers i.e. 2a and 8i2 (CN 12). On the other hand 

Mo atoms being larger in size tend to occupy high 

coordination sites i.e. 4f, 8i1 and 8j (CN15, 14, 

14) where they find more space. Contrary to the 

behavior of Mo and Ni, the Re atom being inter-

mediate in size {rNi (~135 pm) < rRe (~137 pm) 

< rMo (~139pm)} shows dual preference depen-

ding on the composition proportion of the other 

two elements. The agreement between experi-

ment and calculation is excellent.  

1. Joubert, Prog. Mater. Sci.,53, (2008) 528-583 

2. Yaqoob, Crivello, Joubert, Inor. Chem.,51, (2011) 3071-3078 
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Figure 2 : Combined Rietveld refinement of the X-ray (left) and neutron diffraction 

(right) patterns of the composition Mo0.259Ni0.201Re0.540 

Figure 3 : Experimental and calculated site occupancies of Mo-Ni-Re σ- phase at 1873 K along the line from the 
ideal stoichiometry Mo2Re to ReNi2 
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The third scientific axis concerns soft matter and biophysics. Flourishing 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 hy-

brid systems; organic systems and self-organization; polymer dynamics; electrostatics complexes. The research 

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 influenced by our background in polymer physics, statistical physics and phase transi-

tion physics; 2) Local dynamics of proteins and  hydration water in relation with the dynamical transition of  

proteins and their enzymatic activity. Neutron scattering techniques, 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 peculiar properties of some biological molecules like proteins. Here, water properties are studied 

in relation with the dynamics of hydrogen bonds network, the notions of hydrophobicity and confinement. 

AXE 3:AXE 3:AXE 3:   

   Soft Matter and Biophysics.Soft Matter and Biophysics.Soft Matter and Biophysics.   

Impact of pore size and pore surface composition on the dynamics of confined 
water in highly ordered porous silica 
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Water dynamics at various timescales are strongly 

affected by the size and the surface chemistry of confi-

nement at the nanoscale1. These motions modifica-

tions coming from the local organization of molecules 

can strongly modify the thermodynamic properties 

such as freezing temperatures or gas solubility2. Pre-

vious studies showed that water motions can be slo-

wed down by a decrease of the confinement size, the 

chemical nature of the interfaces as well as the presen-

ce of ions in solution. These results show the impor-

tant effect of size and pore surface composition of the 

confinement and also the ions presence on the water 

dynamics. Meanwhile, regarding these three system 

characteristics, a question remains still open: what is 

the predominant factor affecting the dynamics? To 

intend to bring elements to solve this question we 

have used model materials, i.e. porous silica-based 

material (MCM41), synthesized by hydrothermal 

route3 and grafted via hydroly-

tic surface sol-gel method4 in 

order to obtain pore wall 

surfaces with Si-OH, Al-OH 

or Zr-OH terminations and 

pore sizes between 2.7 nm 

and 2.0 nm (Fig. 1 and Fig. 

2). 

The materials were placed at a 
relative humidity (RH) of 86 

% at 25°C allowing the com-
plete filling of the porosity.  

To analyse the water dynamics and more espe-
cially the dynamics of mobile protons, quasi elas-
tic neutron scattering experiments were carried 
out on the time of flight spectrometer Mibemol at 
the Laboratoire Léon Brillouin at Saclay (France). 
The incident wavelength of 5.2 Å determining an 
energy resolution of 40 µeV and a correlation 
time range of 4.5 picoseconds was used. The 
QENS experiments were performed at 300 K and 
the signal was analysed using QENSH program 
provided by LLB and dedicated for this kind of 
treatment. 
Fig. 3 shows the sum over Q of the QENS spectra 

collected for the different model materials hy-

drated with pure water. All the samples show a 

much broader signal as compared with vanadium 

foil used as a reference to show the instrumental 

resolution. The QENS data S(Q, ) were fitted 

with an equation using one Lorentzian function 

characterizing only one mode of diffusion.  

The evolution of the half width at half maximum 

t(Q) obtained from the fitting of QENS spectra 

are presented in Fig. 4 as a function of Q2. The 

I. Matar Brimana, D. Rébiscoula, O. Diatb, J-M. Zanottic, P. Jolliveta, P. Barbouxd, S. Gina 

Impact of pore size and pore surface composition on the 
dynamics of confined water in highly ordered porous 
silica  

The impact of pore size and pore surface compo-

sition on water dynamics confined in highly or-

dered porous silica material (MCM-41) was in-

vestigated using neutron scattering for correla-

tion times in the picosecond range. Samples were 

synthesized by hydrothermal route and grafted 

via hydrolytic surface sol-gel method in order to 

obtain pore wall surfaces with Si-OH, Al-OH or 

Zr-OH terminations and pore sizes from 2 to 2.7 

nm. While the water translational diffusion 

coefficients are close to the bulk value whatever 

the samples, the amounts of fixed protons de-

pend on the pore size and the ability of the 

grafted layers to immobilize the water molecu-

les. This last result highlights that pore surface 

composition could be the predominant parame-

ter affecting the fixed protons content at this 

time scale.  

Figure 1. Schematic concept of Hydrolytic Sol Gel (HSS) grafting 
method.  

Figure 2.  BJH Pore size distributions for 
samples  
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Figure 3. Sum of QENS spectra of hydrated samples 
and vanadium obtained at room temperature and 

λ=5.2 Ǻ 
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behaviour of confined water in all 

samples is rather different from the 

bulk water characteristic of a 

Brownian diffusion. t asymptoti-

cally reaches a constant value 

which can be described by a jump 

diffusion model and related to the 

fact that the solvent can be consid-

ered as a discrete medium whereas 

at low Q, the asymptotic behaviour 

(in Q2) is more like a diffusive 

dynamic. This is why t was fitted 

using the Singwi and Sjolander 

model5 (SS) based on an exponen-

tial distribution of jump lengths 

(1): 

  (1) 

With the reduced Planck constant, Dt translational 

diffusion coefficient, t the  average residence time 

between two consecutive jumps . 
At a picosecond time window and taking into account 
the poor statistic of the QENS data at low Q-values, 
we can consider on one hand that diffusion coefficient 
Dt of water (protons) within pores of model materials, 
are close to that of bulk water measured in the same 

conditions Dt =(2.9 ± 0.5) × 10−9  m²/s and t =2.6 

± 0.2. To determine the fraction of fixed protons in 
each sample, the elastic incoherent structure factor 
(EISF), i.e. the fractional intensity of the elastic part, 
was plotted.The EISF were determined from the elas-
tic and quasi-elastic intensity obtained from  the quasi-
elastic spectra analysis and the results were fitted us-
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ing the model EISFM of Volino and Dianoux 6 
which considers the motion of the mobile hydro-
gen atoms as a restricted diffusion within a sphere 
of radius R. We have taken into account the con-

tribution of the fraction of fixed protons at the 
time scale of the experiment 7:  

 
 
Where j1(QR) is the first order spherical Bessel 
function.  

The experimental results for hydrated samples 
are presented in Fig. 5. Indeed, for the hydrated 
MCM41 and MCMSi-2 a ratio of 0.27 and 0.26 of 
fixed protons respectively is obtained while a ratio 
of 0.45 of protons is fixed in the MCMSi-3. How-
ever, the nature of the grafted layers also impacts 
on the mobile water content. The fraction of fixed 
proton is higher in the water filled pores of 
MCMAl-3 (f = 0.72) and of MCMZr-3 (f = 0.42) 
than in those pores of MCMSi-2 (f = 0.26). This 
confirms the ability of the Zr-OH and many more 
Al-OH terminated surface to immobilize water 
molecules. These results could be explained by the 
formation of coordination bonds of water mole-
cules with Al-OH and Zr-OH groups which behave 
as Lewis acids with stronger H-bonds or by the fact 
that alumina or zirconia-base surfaces strongly 
interact with the water dipoles and texture the 
water layers more strongly because they are more 
ionic than silica.  
Supposing that any water is trapped in the grafted 

layers, these results show that water dynamics 

mostly depends on the surface composition than 

the pore size for pore size lower than 2.3 nm.  

These first results enhance the impor-
tance to study the water dynamics in 
such model systems to better under-
stand its behaviour in more complex 
nanoconfined media such as glasses, 
clays or corrosion layers at the surface of 
altered glass, where the effect of pore 
size, surface composition and the pres-
ence of ions are difficult to dissociate. 
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Figure 5. Experimental EISF and fitted EISFM curves as a function of Q 

for hydrated (filled dot) samples at T = 300K  

Figure 4. Half width at half maximum t(Q) 

obtained from the fitting of QENS spectra. 
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We have studied a polycrystalline ma-

trix made of an aqueous solution of 

tribloc copolymer (Pluronics® F108). 

This molecule in water forms spherical 

micelles arranged on a crystal lattice 

upon heating samples to room tempera-

ture (Fig. 1).  

The structure of the pure micellar ma-

trix has been investigated by SANS and 

the result is shown in Fig. 2.  

Silica nanoparticles (D = 30 nm) have 

been added to the solution at low tem-

perature, before micelle formation. Dur-

ing the heating phase, crystal grains are 

nucleated in 

the sample. These 

grains expel a part of 

the nanoparticles, and 

once the crystal for-

mation is finished at 

high temperature, the 

nanoparticles are 

concentrated in the 

grain boundaries (i.e. 

between grains).  

In order to verify 

this scenario, the 

nanoparticle disper-

sion in the final sam-

ple has been charac-

terized. We have 

p r e p a r e d  t w o 

contrast situations using H2O/D2O mixtures.  

In one case (silica-matched, ‘SM’), the structu-

ral changes of the micellar lattice can be stu-

died1. In Fig. 3, scattering of samples with va-

rious concentrations of (unvisible) silica are 

shown. The high-q range is found to be unaffec-

ted by the silica, underlining the robustness of 

the micellar grain structure which is not modi-

fied by the silica beads. At low q, a peak is 

found. This peak is also present in the polymer-

matched (‘PM’) samples, i.e. it is a signature of 

the silica structure, and in particular of the 

strongly interacting silica nanoparticles. Its visi-

bility in the silica-matched case indicates rear-

rangement of the lattice polymer in the grain 

boundaries, and possibly polymer adsorption. 

The concentration deduced from the peak posi-

E. Tamborinia,b, N. Ghofranihaa,b, J. Oberdissea,b, L. Cipellettia,b, L.. Ramosa,b  

Colloidal metallurgy: investigating the structure of 
nanoparticles embedded in micellar polycrystals  

Confined colloids may be used to investigate or 

create new materials. Confinement of nanopar-

ticles in the grain-boundaries (GBs) of poly-

crystalline soft materials allows the visualiza-

tion of GBs by light or confocal microscopy. The 

structure of the nanoparticles concentrated in 

the GBs during the crystallization process has 

been studied by contrast variation small angle 

neutron scattering (SANS) at LLB. Two diffe-

rent solvent mixtures were used to investigate 

separately the dispersion of the nanoparticles 

and the structure of the micellar lattice of 

otherwise identical samples. In the silica- mat-

ched samples, the crystal lattice was found to be 

unaffected by the nanoparticles on a local scale. 

In the polymer-matched samples, a strong peak 

due to the interacting silica particles is inter-

preted as the signature of a crowding of nano-

particles in the GBs.    

 

Figure 1 : Pluronics phase diagram.  

Figure 2 : Micellar crystal lattice as seen by SANS. The four verti-

cal lines indicate the position of the main lattice diffraction peaks 

at 32%w/w of polymer in D2O 
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tion corresponds to about 10%v, i.e. ten times 

more than the average concentration, and is thus 

identified with a measurement of the nanoparti-

cle concentration within the grain boundaries.  

The segregation of the nanoparticles in the grain 

boundaries can also be verified on a larger scale. 

We have visualized the local concentration of 

fluorescent (latex) nanoparticles using confocal 

microscopy2, for samples with different thermal 

histories (heating rates), leading to different 

average grain size. In Fig. 4, and also in the hea-

der of this article, the granular structure is visi-

ble, and the size of the grains can be measured. 

Note that similar pictures of samples with silica 

nanoparticules using microscopy have also been 

obtained.   

To summarize, the use of contrast variation SANS 

allows for a determination of pair correlations in 

complex ternary mixtures containing both micelles 

and nanoparticles. Our findings confirm (and 

measure) the concentration of nanoparticles in 

grain boundaries of the soft colloidal polycrystal 

formed by the micelles. 

Outlook 

Our project on colloidal metallurgy aims at 

studying the plasticity of polycrystals. It takes 

advantage of the much larger characteristic length 

and time scales, much softer elasticity, and the 

optical transparency of a colloidal polycrystal as 

compared to atomic crystals to obtain unprece-

dented space- and time-resolved information on 

the deformation of a polycrystal under load. By 

using a unique colloidal analog of atomic poly-

crystals, we hope to be able to elucidate the dif-

ferent mechanisms at play, at a microscopic level, 

in the plasticity of polycrystals, these processes 

being still largely unknown. 

1. E. Tamborini,N. Ghofraniha, J. Oberdisse, L. Cipelletti and L. Ramos, Langmuir 28, 8562, 

(2012). 

2. N. Ghofraniha, E. Tamborini, J. Oberdisse, L. Cipelletti and L. Ramos, Soft Matter 8, 6214 

(2012). (cover article) 
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Figure 3: Microstructure of the micellar polycrystal for different 
silica nanoparticle volume fractions. SM samples are ‘silica-
matched’, PM ‘polymer-matched’. 

Figure 4: Grain boundaries (obtained with 
different crystallization rates) visualized by 
confocal microscopy using fluorescence of the 
nanoparticles. The size of the grains varies from   
few microns to several tens of microns (Soft 
Matter cover, ref 2, reproduced with kind per-
mission).  
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Sophorolipids (SL) are glucose-derived biosurfac-

tants that have attracted a fair attention for appli-

cations in home and skin-care products because of 

their biological origin and low toxicity. Acidic 

sophorolipids, SL-COOH (Fig. 1), are particular-

ly interesting as they are composed of a sophorose 

unit attached to an hydroxylated oleic acid moiety 

through a glycosidic bond on 

the C17 carbon atom of the 

fatty acid chain.  This particu-

lar feature leaves the COOH 

group unaffected, making this 

compound sensitive to pH, 

knowing that stimuli-

r e s pons ive  p rope rt ie s 

(temperature, electric field, 

ionic strength and pH) in surfactants are extreme-

ly important for the development of a number of 

applications in many different fields: stabilization 

of emulsions, suspensions or foams, drug encap-

sulation and delivery, wettability control, en-

hancement of viscoelastic properties, recyclabi-

lity, heat-transfer fluids, drag-reduction agents, 

dynamic templating for nanomaterials, smart 

hydrogels for wound healing, artificial muscle 

conception. 

Since the self-assembly and stimuli-responsive 

properties of sophorolipids have been scarcely 

studied in the past few years, we have carried 

out a specific SANS study to highlight and quan-

tify them under pH variation. 

 SANS spectra recorded on the deionized form 

of sophorolipids (Fig. 2) show the strong effect 

of pH on the nature of the micellar assemblies. 

At low pH, micelles are isolated objects whose 

shape is mostly spherical/ellipsoidal. In mid-pH 

regions (and for the same SL-COOH concen-

tration), the presence of a peak (red circles) 

identifies interaction forces between the micel-

les while at high pH (green circles), most mi-

celles are disassembled in favor of large aggre-

gates, difficult to detect under the current 

SANS configuration . 

To better understand the behaviour of SL-

COOH in the mid-pH range, where intermicel-

lar interactions become important, we run 

SANS experiments at small increasing amounts 

of NaOH, an experiment shown in Fig. 3a. 

 The spectral evolution from free micelles 

(black circles) towards interacting objects is put 

in evidence (blue circles). The I(q) function is 

known to be proportional to P(q) and S(q), the 

form and structure factors, as shown hereafter 

N. Baccilea F. Babonneaua; I. Van Bogaertb; J. S. Pedersenc 

Study of the pH-dependency self-assembly of a glycolipid 
biosurfactant combining SANS and modelisation  

Acidic sophorolipids, SL-COOH, are pH-

sensitive bio-derived glycolipids that form mi-

celles whose electrostatic interactions can be 

tuned. Upon partial ionization of the COOH 

group, micelles become negatively charged and 

intermicellar interactions take place, as de-

monstrated by Small Angle Neutron Scattering. 

Numerical modeling and fitting of SANS spec-

tra quantifies the effect of base addition in 

terms of effective 

surface charge. 

Figure 2 : SANS spectra of SL-COOH at various 
ionization degrees, a, controlled by adding sodium 
hydroxide. 

Figure 1 : Chemical formula of the 
acidic form of sophorolipids (SL-
COOH). 
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To extract quantitative information from the I(q) 

curve shown in Fig. 3a, one must use specific mo-

dels that are able to account for both components 

of the scattered intensity. In this specific system    

S(q) ≠ 1 because of the scattering peak. Here, 

micelles can be successfully modeled with an ellip-

soidal of revolution form factor. As for S(q), 

considering that the surfactant concentration is 

constant for all experiments and that only the 

amount of charges (COOH à COO-) increases, it 

is reasonable to use a structure factor S(q) that 

combines hard-sphere and screened Coulomb 

P(q)S(q)I(q)

(described by a repulsive Yukawa potential) po-

tentials and whose analytical expression is obtai-

ned in the Mean Spherical Approximation 

(MSA). 

For the Yukawa potential, we used the following 

expression. 

   

where  is the minimum distance between two 

micelles, DHS is the hard-sphere interaction diame-

ter, and the strength of the potential at r= DHS. 

For  > 0, the potential is repulsive while for    

< 0, the potential is attractive.  stands for the 

range (inverse of the Debye length) of the poten-

tial. The potential strength can be related to the 

charge of the system according to the following. 

 

with Q being the particle charge (Q= Ze, the mi-

cellar valence and the electron charge). The ex-

pression for k in the case of a single ion of concen-

tration c and charge q for an ideal solution, as pre-

dicted by the Gouy-Chapman Debye-Huckel Pois-

son-Boltzmann theory (GCDH), is . 

The fitted spectra are given by the black lines on 

Fig. 3a while the U0 evolution as a function of the 

added base is given on Fig. 3b, which shows that 

the interaction potential becomes more and more 

positive. This trend proves the existence of repulsi-

ve interactions (according to the sign convention 

used to define U(r)) between micelles with increa-

sing amounts of negative charges directly deriving 

from the COO- groups. The calculated effective 

micellar charge, Z, ranges between 0.5 and 5.3 in 

the base concentrations typically explored here.  

To conclude, acidic sophorolipids form micelles 

whose shape is an ellipsoid of revolution and come 

in strong repulsive interactions upon basification of 

the medium at constant SL-COOH concentration. 

Micelles being initially neutral, their effective sur-

face charge increases upon addition of the base. 
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Figure 3 : a) Evolution of SANS spectra (lin-log scale) as 
a function of added base collected on an aqueous solution 
of SL-COOH; black continuous curves represent the nu-
merical fits. b) Evolution of the interaction potential (U0, 
in kbT scale) and Debye length. U0 is obtained directly 
from the fits while the Debye Length is calculated using 
the GCDH theory. 
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francoi.muller@cea.fr The principle of stabilizating oil droplets in 

water (forming an emulsion or "colloid") with 

solid particles, and not using the usual means of 

surfactant molecules is relatively old. This 

method is currently experiencing a growing 

success for the creation of functionalized nano-

materials. According to the principle of 

Pickering, the particles surround the drops and 

thus isolate the hydrophobic molecules from 

the aqueous medium. By their nature or by 

functionalization, these stabilized emulsions 

form original nano-materials.  

For their part, the aqueous dispersions of lipids 

in the form of crystallized particles of small size 

are of great interest for the cosmetic, food and 

pharmaceutical industries. They form simple 

vectors to transport hydrophobic AND hydro-

philic molecules in an aqueous medium. More-

over their internal organization may be easily 

modified by simply changing the conditions of 

temperature, pH.  

It is only recently that these two principles 

(emulsion "Pickering" and dispersion of parti-

cles in crystallized form) were combined to 

obtain colloids combining the advantages of 

both approaches, and to create functional mate-

rials. In these new systems, the spatial distribu-

tion of the solid particles is a major parameter 

to control, because of its impact on the macro-

scopic and local properties of the materials.  

With this objective, researchers from CEA, 

ECE-Paris, CNRS and Paris-Sud University 

were interested in this problem, that they ap-

proached by neutron studies. The system stud-

ied here consists of insoluble and nanostruc-

tured drops based on a lipid molecule called 

Phytantriol, widely used by the cosmetics in-

dustry as skin care. To stabilize drops in water, 

commercial nanometric clays (Laponite XLG) 

were added.  

The samples were studied by neutron diffrac-

tion at the Laboratoire Léon Brillouin (LLB) in 

order to determine their molecular structure. 

By observing neutron scattering at small angles 

information on the organization of the material 

on a large scale is obtained, which gives access 

to the distribution of solid colloidal particles. 

Due to the high neutron scattering contrast 

between hydrogen and deuterium, using a mix-

F. Mullera,b,  J. Degrouardc ,  J. Jestina,  A. Brûleta, A. Salonenc   

 Crystallized droplets stabilized by solid particles: the 
combination of two principles for a well controlled distribution     

Stabilizing oil droplets in water is not so simple, 

these two liquids having a natural tendency to 

separate for minimizing the area of their con-

tact interface. This is however essential in the 

vectorization of certain medications, or for 

making cosmetic creams. Conversely, we can 

also look to prevent the dissolution of particles 

that are active and soluble in a solvent. In this 

context, the controlled dispersion of droplets 

stabilized in water by nanostructuring meth-

ods, is one of possible approaches. 

Researchers from CEA, ECE-Paris, CNRS and 

Paris-Sud University conducted an innovative 

work on this issue by neutron scattering tech-

niques, exploring the distribution of nanostruc-

tured droplets stabilized in water by clay 

nanoparticles. The work opens new opportuni-

ties for applications of interest to pharmaceuti-

cal or cosmetics companies.  

 

Figure 1:Electron microscope image of a drop 
stabilized in water.  
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ture of light water and heavy water as solvent 

allows a complete information about this 

distribution. It was thus possible to de-

termine accurately the invariance of the 

size and internal structure of the drops 

for different concentrations of Laponite 

XLG (charged particles disc shaped ).  

It was also shown that Laponite disks are 

located onto the surface of the drops, 

effectively forming a protective hard 

shell. This result is important because it 

shows that it is possible, by functionaliza-

tion of the particles, to obtain nanoscale 

systems whose delivery may be con-

trolled by external stimuli.  

The shape of the drops was also studied 

by scattering at very small angles (TPA 

spectrometer newly available at the La-

boratoire Léon Brillouin). The study 

shows that some particles deviate from 

spherical shape, exhibiting an angular shape. This 

transformation is a size effect that can be related 

to the ratio between their radius and that of the 

disks present on their surface. This trend is con-

firmed by additional experiments of electron 

microscopy.  

The study by neutron scattering has thus proved 

to be a very efficient method to determine the 

global and local organization of such organized 

systems. A mathematical approach and simple 

models have been developed to explain the data. 

These results open new interesting applicative 

perspectives:  it is indeed possible, in a stabilized 

and well characterized suspension, to add a func-

tion to the Laponite discs (post-stabilization) via 

soft chemistry methods to create systems that 

respond in a clearly defined manner to one or 

more external stimuli (magnetic, electrical, me-

chanical ...).  

1. A. Salonen, F. Muller, O. Glatter, Langmuir 24 (2008) 5306. 

2. F. Muller, A. Salonen, O. Glatter, Journal of Colloid and Interface Science, 342 (2010) 392.  

3. C.M. Varma, F. Muller, J. Degrouard, J. Jestin, A. Brûlet, A. Salonen, Soft Matter, 8(40) (2012) 
10502.  
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Figure 2; Signal of small angle scattering of two concentrations of 
Laponite XLG in a solvent hiding diffusion linked to the internal 
structure of the droplets. The rise to small Q  values is characteristic 
of the formation of a Laponite XLG shell on the drops.  

Figure 3: Signals diffused at very small angles and small angles for 
two Laponite XLG concentrations in a solvent, showing all available 
scales. The drops shape is generally spherical, however the details of 
adjustments indicate that some drops have an angular shape.  

http://dx.doi.org/10.1021/la800199x
http://dx.doi.org/10.1016/j.jcis.2009.10.054
http://dx.doi.org/10.1039/C2SM26606G
http://dx.doi.org/10.1039/C2SM26606G
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Proton exchange membrane fuel cells (PEMFCs) 

are considered as one of the most promising po-

wer sources for automotive, portable and statio-

nary applications. The PEMFC performance and 

lifetime strongly depend on the water manage-

ment. While several promising methods are cur-

rently developed such as the magnetic resonance 

imaging, the neutron radiography or the confocal 

raman microscopy, the Small-Angle Neutron 

Scattering (SANS) technique still appear as the 

most precise, less intrusive and more representati-

ve method for the study of the water distribution 

within the polymer membranes1. In previous stu-

dies, the SANS analysis was successfully applied to 

study the effect of many relevant operating para-

meters including gas hydration2, gas flow configu-

ration3, the nature of the electrodes4 or the beha-

vior during ON/OFF cycling5. Most of these 

experiments were conducted with a fuel cell ope-

rating at 80°C. Nevertheless, it appears very inte-

resting to study the fuel cell operation at sub-zero 

temperatures in order to elucidate the problems 

encountered with cold start during winter times. 

When starting a fuel cell at a sub-zero temperatu-

re, the water produced at the cathode freezes 

which limits the access of the gas to the catalytic 

sites and induces the choking of the fuel cell. Ho-

wever, we suspected an additional process based 

on the membrane dehydration. The water pro-

duction at the cathode and the electro-osmosis 

process (water molecule transport due to proton 

migration from the anode to the cathode) genera-

tes a concentration gradient across the membrane 

and a back-diffusion in the opposite direction to 

proton transport. The temperature then appears 

as a first order parameter for the water repartition 

within the membrane. At high temperature, the 

diffusion coefficient is very large. It compensates 

the electro-osmosis drag and stationary conditions 

can be found. At low temperature, the diffusion 

coefficient significantly drops (typically by two 

orders of magnitude) while the electro-osmotic 

drag almost remain constant. It was then expected 

that the back-diffusion cannot compensate anymo-

re the electro-osmosis process and that the mem-

brane will dehydrate, especially at the anode side. 

The main objective of this work is the study of the 

water management at sub-zero temperatures in 

order to validate the possibility to emphasize the 

electro-osmosis versus the back-diffusion.  

A fuel cell transparent to neutron1-5 was operated 

at subzero temperature and SANS spectra were 

regularly recorded (every 150 s). It can be noticed 

that the temperature within the cell slightly vary 

depending on the current load but remains nega-

A. Morina, Z. Penga, J. Jestinb, M. Detrezb, G. Gebelc 

Water management in fuel cells at sub-zero temperature: an in 
operando SANS-EIS coupled study 

The water content in a proton exchange mem-

brane was studied for the first time during fuel 

cell (PEMFC) operation at sub-zero temperatu-

re. The combined Small-Angle Neutron Scatte-

ring (SANS) and Electrochemical Impedance 

Spectroscopy (EIS) studies show that an increa-

se of the current load at sub-zero temperature 

induces reversible membrane dehydration des-

pite a higher production of water. This effect is 

revealed by the very good correlation between 

the increase of the membrane resistance measu-

red by EIS and the decrease of water content in 

the membrane quantified from the SANS spec-

tra. The predomi-

nance of the electro-

osmosis on the back-

diffusion, in addi-

tion to water crystal-

lization in the chan-

nel and the gas dif-

fusion layer, espe-

cially at the cathode 

side, explain the 

difficulty to operate 

a fuel cell at sub-

zero temperature. 

Figure 1 : Evolution of the voltage, the current density and 
the temperature during operation at subzero temperature 
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tive during the overall experiment. In addition, a 

series of SANS spectra were recorded at swelling 

equilibrium at 23°C in order to extract water con-

centration profiles across the membrane thickness 

during operation according to the previously pub-

lished method1-5. 

Despite the sub-zero temperature, the water pro-
duced by the fuel cell is first used to swell the 
membrane as revealed by the increase of the iono-
mer peak intensity and its shift toward smaller q 
values. The membrane swelling is accompanied 
by a decrease of the membrane ohmic resistance 
measured simultaneously by electrochemical 
impedance spectroscopy (EIS). After stabilization 
of the membrane resistance, the current load was 
then decreased inducing a further increase of the 
membrane water content. We attributed this 
result to a decrease of the electro-osmosis effect. 
In order to verify this point, the current load was 
then significantly increased (300 mA/cm2) result-
ing in a very fast membrane dehydration observed 
simultaneously on the SANS and EIS data. 

When decreasing again the current load, the mem-
brane rehydrates with a slower kinetic. This result 

is a confirmation of our interpretation since the 
equilibration under diffusion appears significantly 
slower than the effect of electro-osmosis. 

The results lead to a better understanding of the 
links between fundamental transport mechanisms of 
water and fuel cell operation.  
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Figure 2 : SANS spectra recorded during fuel cell opera-
tion at around 200 mA/cm2  

Figure 3 : Evolution of the SANS spectra after a step of 
current at 300 mA/cm2 revealing a fast membrane dehy-
dration and a slower recovery.  
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duced as a function of the current density. 
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Replacement OF COLD SOURCES SF1 and SF2 

After 15 years of use, cold sources SF1 and SF2 were replaced during the summer break of 2012. This  

working, in charge of Orphée Reactor operators, required a complete strain and drying of the re-

actor pool and concluded a two-years period of conception and preparation work. 

REPLACEMENT OF 9F COLD-BEAM THIMBLE 

The 9F thimble, feeding guides G5 and G6 with cold neutrons, was also changed during the same pe-

riod. For that heavy operation, 2/3 of the reactor Hall instruments were dismounted and parked 

away in order to make room for the extraction/mounting machine. 

The new cold source  
and its thimble 

A tidy operation : inserting SF2 
inside its thimble ! 

Preparing the assembling  
in Reactor Hall 

Insrting the thimblein its  
housing in the heavy water tank Finishing the installation  

in the reactor pool 

The reactor Hall before... 

… and during … 

the replacement of 9F thimble. 
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PREPARING THE ARRIVAL OF PA20 SMALL-ANGLE SPECTROMETER 

In the same time the LLB technical team prepared the arrival of new small-angle spectrometer PA20 . 

The installation of PA20  upset the SW part of the Hall of Guides, where Back-Scattering spectrome-

ter MIBEMOL and small-angle machine PAXE  were decommissioned in 2012. 

The new cold source  
and its thimble 

Guide G5 before dismounting (former experimental areas  
of material diffractometer DIANE, relocated of G4, 

and test diffractometer G5.6)   

1 month after : guides G5 and G6 are gone…. 

Now come the time ... 

to say farewell... 

to MIBEMOL ! 
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2012: 12012: 1stst
  common call for thesis common call for thesis 

organized by LLB and SOLEIL organized by LLB and SOLEIL   

Neutron schoolsNeutron schools  

Masters: Masters:   

lectures, practical work, students lectures, practical work, students 

visits  in connection with universities visits  in connection with universities 

(Paris, Bordeaux, Rennes…)(Paris, Bordeaux, Rennes…)  
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JDN 20 (may 18-24 2012) 

Every year, the French Neutron Society (SFN), with the help of LLB and 

ILL centers and Grenoble UJF University, organizes the “Journées de la 

Neutronique”, that gathers the national neutrons community. Exception-

naly, there were no thematic school in the 19th edition, but the duration of 

Rossat-Mignod meeting was lengthened in order to present the state of 

the art and the new scientific and technological perspectives of Neutron 

scattering. 

FAN du LLB (november 26-29 2012) 

FAN du LLB is an annual school delivered in French and offering young French-speaking researchers a first contact with real experi-

mental 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 devoted to experiments and data analysis. One of the distinguishing features of our school is that the stu-

dents often come with their own samples, which are tested during the training together with our demonstration samples. This ensures a 

good and efficient participation of the students. In 2012, the number of participants was 31. 

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

http://www-llb.cea.fr/fan
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NEW PHD STUDENTS IN 2012 

FERDEGHINI Filippo-CNRS/CEA-2012-2015 

« Liquide ionique sous confinement nanométrique 1D » 

Supervisor : J.M. Zanotti (Soft matter and Biophysics) 

FOUCHER Damien – Grant UVSQ-2012-2015  

(Call LLB/SOLEIL 2012) 

«Impact de l’eau dans la flexibilité des MOF, Méthodologie 

conjointe de mesure par XRD Synchrotron, RMN et diffrac-

tion/diffusion des neutrons » 

Supervisors : F. Taulelle (Versailles) / F. Porcher - (LLB )  

(Materials and Nanosciences: Fundamental Studies and Applica-

tions) 

MANGIN-THRO Lucile-CNRS/CEA-2012-2015 

“Phase de “Boucles de courants circulants” dans les supraconduc-

teurs à haute température critique” 

Supervisor : P. Bourges  

(Strongly Correlated Quantum Materials and Magnetism) 

BLOUZON Camille– CEA-2012-2015  

(Call LLB/SOLEIL 2012) 

«Manipulation d’une aimantation par l’action d’un champ 

électrique en utilisant un matériau ‘multiferroïque’ » 

Supervisors : M. Viret (CEA Saclay) / F. Ott - (LLB )  

(Materials and Nanosciences: Fundamental Studies and Applications) 

GUITTENY Solène-CEA-2012-2015 

“Structure et dynamique de spin dans les pyrochlores géométri-

quement frustrés” 

Supervisor : S. Petit  

(Strongly Correlated Quantum Materials and Magnetism) 

KAHL Philipp – CEA/Région Pays de Loire-2012-2015 

« Identification de nouvelles propriétés dynamiques dans les 

liquides : corrélations solides à longue portée & rôle de l’inte-

raction fluide/substrat » 

Supervisor : L. Noirez  

(Materials and Nanosciences: Fundamental Studies and Applications) 

THESES DEFENDED IN 2012 

BOURGEOIS Julie– March 27 2012  

«Les ferrites du type RFe2O4 à valence mixte » 

Supervisors : C. Martin (Caen) / F. Damay  

(Strongly Correlated Quantum Materials and Magnetism) 

ZHONG Shengyi – July 12 2012  

«Étude des évolutions microstructurales à haute température en fonction des teneurs initiales en Y, Ti et O et, de leur 

incidence sur les hétérogénéités de déformation dans les aciers ODS Fe-14Cr1W » 

Supervisor : M.-H. Mathon  

(Materials and Nanosciences: Fundamental Studies and Applications) 

HATNEAN Monica – December 17 2012  

«Etude magnétique et structurale des composés magnétoélectri-

ques GaFeO3  » 

Supervisors : L. Pinsard (Orsay) / S. Petit  

(Strongly Correlated Quantum Materials and Magnetism) 

HABILITATIONS TO SUPERVIZE PhD STUDENTS (HdR) 

“Apport de la Cristallographie à l'étude de systèmes hybrides (molécule@microporeux) “ 

Florence PORCHER (September 27 2012)  
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BEAMTIMEBEAMTIME  

ACCESSACCESS  
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GENERAL LAYOUT OF THE SPECTROMETERS  

  SPECTROMETERS OPEN TO USERS CONTACTS 

  Powder diffractometers   

3T2 Florence  Porcher florence.porcher@cea.fr 

G4.1 Gilles André gilles.andre@cea.fr 

G6.1 Isabelle Mirebeau isabelle.mirebeau@cea.fr 

  Single crystal diffractometers   

5C1 - VIP Béatrice Gillon beatrice.gillon@cea.fr 

5C1 Alain Cousson alain-f.cousson@cea.fr 

Super 6T2 Alexandre Bataille alexandre.bataille@cea.fr 

  Diffuse scattering instrument   

7C2 Brigitte Beuneu brigitte.beuneu@cea.fr 

  Small-angle scattering instruments   

G1.2 - PACE Didier Lairez didier.lairez@cea.fr 

G2.3 - PAXY Alain Lapp alain.lapp@cea.fr 

G5bis - TPA Annie Brûlet annie.brulet@cea.fr 

  Diffractometers for material science studies   

6T1 Marie-Hélène Mathon marie-helene.mathon@cea.fr 

G4.2 - DIANE Vincent Klosek vincent.klosek@cea.fr 

  Reflectometers   

G3bis - EROS Fabrice Cousin fabrice.cousin@cea.fr 

G2.4 - PRISM Frédéric Ott frederic.ott@cea.fr 

  Triple-axis instruments   

1T 
John Paul Castellan / Yvan Sidis (CRG Instrument 

Karlsruhe/LLB) 
john-paul.castellan@cea.fr / 

yvan.sidis@cea.fr 

2T Philippe Bourges philippe.bourges@cea.fr 

4F1 Sylvain Petit sylvain.petit@cea.fr 

4F2 Daniel Petitgrand daniel.petitgrand@cea.cr 

  Quasi-elastic instruments   

G1bis - MUSES Stéphane Longeville stephane.longeville@cea.fr 

  Neutron radiography   

G4.5 Guy Bayon guy.bayon@cea.fr 

mailto:florence.porcher@cea.fr
mailto:gilles.andre@cea.fr
mailto:isabelle.mirebeau@cea.fr
mailto:beatrice.gillon@cea.fr
mailto:alain-f.cousson@cea.fr
mailto:arsen.goukassov@cea.fr
mailto:brigitte.beuneu@cea.fr
mailto:didier.lairez@cea.fr
mailto:alain.lapp@cea.fr
mailto:sylvain.desert@cea.fr
mailto:marie-helene.mathon@cea.fr
mailto:vincent.klosek@cea.fr
mailto:fabrice.cousin@cea.fr
mailto:frederic.ott@cea.fr
mailto:daniel.lamago@cea.fr
mailto:yvan.sidis@cea.fr
mailto:philippe.bourges@cea.fr
mailto:sylvain.petit@cea.fr
mailto:daniel.petitgrand@cea.cr
mailto:stephane.longeville@cea.fr
mailto:guy.bayon@cea.fr
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The LLB-Orphée neutron scattering and imaging instruments  

 Powder diffractometers  

3T2 "Thermal neutrons" 2-axis (50 detectors) high resolution, mainly for nuclear structure determination. 

G4.1 "Cold neutrons" 2-axis (multidetector 800 cells) high flux, mainly for magnetic structure determination 

G6.1 "Cold neutrons" 2-axis (multidetector 400 cells) with long wavelength (~5Å) and high flux, for the study of very small powder sam-

ples (<1mm3). Very high pressure cell available (40 GPa). 

 Single crystal diffractometers  

5C1 "Hot neutrons" 2-axis with lifting arm, polarized neutrons, magnetic field (8 Tesla) for spin-density maps determination 

5C2 "Hot neutrons" 4-circle for nuclear structure determination. 

6T2 "Thermal neutrons" 2-axis, lifting arm and 4-circle, mainly for magnetic structure determination. 12 Tesla magnetic field available, 2D 

detector. 

 Diffuse scattering instruments 
7C2 "Hot neutrons" 2-axis (multidetector 640 cells) for local order studies in liquid or amorphous systems. Cryostat and furnace available 

(1.2K to 1300°C). 

 Small-angle scattering instruments 
G1.2 "Cold neutrons" (annular detector, 30 rings) for study of large scale structures in isotropic systems (mainly polymers and colloids). 

G2.3 "Cold neutrons" (X-Y detector, 128x128 cells) for study of large scale structures (10 to 500 Å) in anisotropic systems (polymers under 

stress, metallurgical samples, vortex in superconductors). 

G5bis Very Small Angle Neutrons Scattering spectrometer 

 Diffractometers for material science studies  
6T1 "Thermal neutrons" 4-circle for texture determination. 

G4.2 "Cold neutrons" 2-axis for internal strain determination in bulk samples with spatial resolution ~ 1mm3. 

 Reflectometers 
G3bis "Cold neutrons" reflectometer operating in time-of-flight mode for multipurpose surface studies. 

G2.4 "Cold neutrons" reflectometer with polarized neutrons and polarization analysis for the study of magnetic layers. 

 Triple-axis instruments  

1T "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 

2T "Thermal neutrons" high-flux spectrometer with focussing monochromator and analyser, mainly devoted to spin-waves and magnetic 

excitations studies (1.5 to 80 meV). 

4F1 

4F2 
"Cold neutrons" high flux 3-axis instruments with double monochromator and analyzer, mainly devoted to the study of low-energy 

(15µeV to 4meV) magnetic excitations. Polarized neutrons and polarization analysis option available. 

 Quasi-elastic instruments 
G1bis "Cold neutrons", high resolution and high flux spin-echo instrument. It can study, in a large Q range, slow dynamics of large molecules 

in biology or long relaxation times like in glassy transition (Fourier times ~ 20ns) 

 Neutron Radiography  
G4.5 Imaging technique : white beam facility for non-destructive control or dynamics imaging. 

http://www-llb.cea.fr/fr-en/spectros_p.php 

AUXILLIARY SERVICES AVAILABLE  

Laboratories for sample preparation:  

Chemistry laboratory  

Biological laboratory  

 

 

 

Technical help for:  

Vacuum/Cryogenics  

Cryostat, Furnace (0.1 – 2000 K) 

High pressures (up to 10 GPa) 

High magnetic fields (up to 10 T) 

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 Commu-

nity – Access activities of the Neutron scattering and Muon 

spectroscopy Integrated Infrastructure Initiative (NMI3-II) 

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://nmi3.eu  

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 20 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 scatter-

ing for his research. Results should be free to be totally or partially published in a Scientific Review. 

DEADLINE FOR APPLICATION: April 1st and October 1st 

http://www-llb.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 re-

alization of the experiment is shortened to the minimum.  

No deadline applies for such propositions (Application all along the year). 

http://www-llb.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-llb.cea.fr/en/fr-en/prop-rap.php 

CONTACT AT LABORATOIRE LEON BRILLOUIN 

 Laboratoire Léon Brillouin 

 Scientific Office 

 CEA SACLAY 

 Bâtiment 563     F - 91191 Gif-sur-Yvette Cedex  

 Tel. : 33(0) 1 69 08 60 38    Fax : 33 (0) 1 69 08 82 61 

http://idb.neutron-eu.net/facilities.php
http://www-llb.cea.fr/en/fr-en/proposal.php
http://www-llb.cea.fr/en/fr-en/proposal.php
http://www-llb.cea.fr/en/fr-en/prop-rap.php
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Selection committees 

Proposals are examined by 5 Selection Committees. Each is composed of 8 to 10 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 for-

eign institutes. 

For each spectrometer, LLB gives a beam-time available which is shared out by the committee; 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 proposal comes from new young 

searcher.  

SELECTION COMMITEES: SCIENTIFIC FOCUS AND SUB-FOCUS 

Theme I Chemical physics, biological systems  

I.01        Polymers and Supramolecular Structures 

I.02        Water, aqueous solutions, polyelectrolytes, surfactants 

I.03        System of biological interest, Biophysics 

I.04        Colloids, nanostructures 

I.05        Gels, composite materials 

I.06        Other... 

Theme II Crystallographic and magnetic structures 

II.01       Crystalline structures 

II.02       Phases transitions 

II.03       Magnetic Structures 

II.04       High pressures (on powders 

II.05       Other... 

Theme III   Magnetism: Single-crystal systems and thin layers  

III.01      Magnetic thin layers 

III.02      Spin density 

III.03      Systems with strong quantum correlations 

III.04      Extreme conditions (strong fields, high pressures) 

III.05      Magnetic nanosystems  

III.06     Other... 

Theme IV Disordered Systems, nanostructured materials and materials 

IV.01     Liquid and amorphous structures 

IV.02     Dynamics of disordered systems 

IV.03     Thin film materials 

IV.04     Nanostructured materials, precipitation, cavities,… 

IV.05     Crystallographic textures 

IV.06     Strains and residual stresses  

IV.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 2012 Reviewing committees 

LLB members French users  European users  

COLLEGE 1: Chemical physics, biological systems 

Organisers: J. Jestin, G. Fadda 

F. Cousin S. Lyonnard CEA, Grenoble F. Gabel‡ IBS, Grenoble 

 F. Nallet CRPP, Bordeaux M. Sferrazza [pdt] Université de Bruxelles 

 R Schweins ILL, Grenoble   

 Y. Tran ESPCI, Paris   

COLLEGE 2: Crystallographic and magnetic structures 

Organisers:  F. Porcher, S. Petit 

F. Damay M. Josse [pdt] Université Bordeaux 1 J. A. Blanco‡ Université Oviedo, ES 

I. Mirebeau‡ S. Ravy Soleil, St Aubin A. Daoud-Aladine ISIS, UK 

 P. Roussel UCC, Villeneuve d'Ascq   

COLLEGE 3: Magnetism: Single-crystal systems and thin layers 

Organisers: A. Bataille, F. Ott 

G André T. Hauet Université Nancy I F. Palacio Université Zaragoza, ES 

 E. Ressouche ILL, Grenoble K. Temst [pdt] Université Louvain, B 

COLLEGE 4: Disordered Systems, nanostructured materials and materials 

Organisers: V. Klosek, P. Judenstein*, M.H. Mathon‡ 

F. Audonnet J. Henry [Pdt] CEA, Saclay  M. Fitzpatrick Milton Keynes, UK 

 L. Cormier Universités Paris 6 et 7 M. Gonzalez ILL, Grenoble 

COLLEGE 5: Excitations 

Organisers: Y. Sidis*, D. Petitgrand‡,  J. Robert 

D. Lamago M. Boehm [pdt] ILL, Grenoble J. Hlinka ASCR, Prague 

 P. Foury LPS, Orsay A. Huxley Université Edinburg, UK 

 L.-P. Regnault CEA, Grenoble B. Roessli‡ PSI, Villingen, CH 

   L. Paolasini* ESRF 

‡ Only for spring session  -  * Only for automn session 
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