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24ème Journées de la Diffusion Neutronique – JDN 24
Dear participants,
We are pleased to welcome you at the 24th French neutron conference,
called “Journées de la Diffusion Neutronique (JDN)” in French, in the Vacanciel
holiday village of Carqueiranne (Var, France). This conference is hosted by the
French Neutron Society (SFN) and organized jointly with the Institut LaueLangevin and the Laboratoire Léon Brillouin.
This multidisciplinary workshop focuses on neutron related researches
and is dedicated to new results in various scientific topics representative of the
whole neutron users community. In particular, the aim of this meeting is:
i)
to strengthen links between French neutron scattering users
ii)
to provide a place where advances resulting from neutron scattering
experiments can be presented and discussed in a friendly and stimulating
environment,
iii)
to inform the user's community about the evolution of neutron
facilities in France and abroad, and about the development of new
neutron techniques, instrumentation, and their applications
iv)
to welcome and promote the work of young neutron users
Four sessions will be organized, in Magnetism, Soft Matter, Condensed
Matter, and Biology. Each session will be introduced by an invited talk, which
will be followed by a series of shorter oral communications. A Poster session,
encompassing all the scientific topics cited above, and an Instrumentation
session, will also take place.
The present booklet presents the detailed scientific program and compiles
all the abstracts of the oral presentations and posters.
Françoise Damay (Laboratoire Léon Brillouin LLB),
Emmanuelle Dubois (UPMC, Laboratoire PHENIX),
Peter Fouquet (Institut Laue-Langevin ILL),
Nicolas Jouault (UPMC, Laboratoire PHENIX),
Marie Plazanet (Université Grenoble Alpes, Laboratoire LIPHY)
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SCIENTIFIC PROGRAM
Monday, May 2nd 2016 – Afternoon session
13h45:

Welcome

14h00:

Introductory lecture: Oliver ZIMMER (Institut Laue-Langevin)
High-precision studies in fundamental physics with slow neutrons

MAGNETISM SESSION
14h45:

Invited speaker: Goran NILSEN (ISIS Neutron and Muon Source)
“Complex order and colourful correlations in chromate spinels”

15h30:

Quentin FAURE (Institut Néel)
“Study of the Ising-Like Chain Antiferromagnet BaCo2V2O8 in a
transverse magnetic field”

15h45:

Sylvain PETIT (Laboratoire Léon Brillouin)
“Observation of magnetic fragmentation in spin ice”

16h00:

COFFEE BREAK

16h30:

Swati SHARMA (Department of Microsystems Engineering-IMTEK,
University of Freiburg)
“MEMS compatible magnetic carbon”

16h45:

Manila SONGVILAY (Laboratoire Léon Brillouin)
“Spin dynamics in the triangular lattice compound α-SrCr2O4”

17h00:

Claire COLIN (Institut Néel)
“One-dimensional
short-range
magnetic
magnetoelectric pyroxene CaMnGe2O6”

17h15:

Lucile MANGIN-THRO (Laboratoire Léon Brillouin/Institut LaueLangevin)
“Intra-unit-cell magnetic correlations around optimal doping in
cuprate high-temperature superconductors”
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Grégory CHABOUSSANT: “Individual-collective crossover driven by particle size in
dense assemblies of superparamagnetic nanoparticles”
Marlon HNEDA: “Synthesis and characterization of orthorhombic MnV2O6: a phase
stabilized at high pressure”
Lurii KIBALIN: “Unpaired electron density of YTiO3 studied by the polarized
neutron diffraction technique”
Nami MATSUBARA: “Trirutiles as new potential multiferroics: Magnetic structure
studies”
Sohyun PARK: “Structural changes of In- and Na-doped MnWO4 and their
magnetic behaviours”
Francesca NATALI: “Anomalous water dynamics in brain tissue”
Jacques OLLIVIER: “Helium-4 quantum liquid confined in porous media”
Ana-Carolina SELVATI: “Vibrational study of the hybrid material: Photo-active
molecule encapsulated inside Single-Walled Carbon Nanotubes”
Barbara BERKE: “Effect of carbon nanoparticle loading on the mechanical and
thermoresponsive properties of PNIPA based hydrogels”
Anastasia CHRISTOULAKI: “Nanoporous alumina membranes as a host medium
for the confinement of polyelectrolyte chains”
Fabrice COUSIN: “Playing with contrast variation in soft matter: beyond classical
studies”
Aline MAIRE DU POSET: “Study of the formation of polygalacturonate gels in the
presence of ferrous iron by Small Angle Neutron Scattering”
19h45:

DINER

NEWS ON INSTRUMENTS AND ENVIRONNEMENTS
21h00:

Frédéric OTT (Laboratoire Léon Brillouin)
“The SONATE project: Is it possible to build compact neutron sources
to perform neutron scattering and replace nuclear reactors?”

21h15:

Peter FALUS (Institut Laue-Langevin)
“Complete renewal of ILL neutron spin echo instruments”

21h30:

Martin BOEHM (Institut Laue-Langevin)
“Three-Axis Low Energy Spectroscopy at the Institut Laue Langevin”

21h45:

Viviana CRISTIGLIO (Institut Laue-Langevin)
“In situ container-less neutrons scattering experiments on liquids and
aqueous solutions: an overview on levitation techniques at ILL”

22h00:

Emmanuel FARHI (Institut Laue-Langevin)
“Integrated simulation infrastructure for
experiment planning”

neutron
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Tuesday, May 3th 2016 – Morning session
SFN PhD PRIZE
9h00:

President of the jury: Lilaine LEGER (Laboratoire de Physique des
Solides)
“Dynamique de formation, structure et propriétés de couches de
polymères greffés: apport des techniques neutrons”

9h45:

Prize winner: Laura CHAIX (Stanford Institute for Materials and
Energy Sciences)
“Dynamical magnetoelectric coupling in multiferroic compounds: iron
langasite and hexagonal manganite”

10h30:

COFFEE BREAK

BIOLOGY
11h00:

Invited speaker: Franci MERZEL (National institute of Chemistry,
Ljubljana)
“Elucidating Structure and Function of Biological Systems by the
Alliance of Atomistic Simulations and Neutron Scattering”

11h45:

Raphael DOS SANTOS MORAIS (IGDR RENNES, Laboratoire Léon
Brillouin)
“Analysis of Dystrophin 3D Structure in the Presence of Membrane
Lipids”

12h00:

Marco MACARINI (Laboratoire TIMC-IMAG)
“Neutron reflectometry studies of the structure of OprF ion channel
protein from the bacterium P. aeruginosa”

12h15:

Camille LOUPIAC (AgroSup Dijon)
“Food proteins under processes studied by neutron scattering and
imaging”

12h30:

LUNCH

Tuesday, May 3th 2016 – Afternoon session
CONDENSED MATTER
14h00:

Invited speaker: Marc DE BOISSIEU (SIMAP, Université Grenoble
Alpes)
“Lattice dynamics and thermal conductivity of the Ba8Ge40.6Au5.25
clathrate”

14h45:

Gunnar PALSSON (Uppsala University/Institut Laue-Langevin)
“Proximity effects in single-crystal superlattices revealed by neutron
reflectivity and enabled by a new sample environment: The case of
Fe/VHx and Cr/VHx”

15h00:

Monica CERATTI (Institut Charles Gerhardt)
“Oxygen ion diffusion mechanisms in non-stoichiometric oxides,
explored by neutron scattering”

15h15:

Sylvain DENIS (ICMPE)
“Stress or temperature induced order-disorder transitions in Fe2VAl
Heusler alloy”

15h30:

BREAK

16h00:

Stéphane ROLS (Institut Laue-Langevin)
“Hydrogen motions in defective graphene: the role of surface defects”

16h15:

Ana-Carolina SELVATI (Institut Laue-Langevin/Laboratoire Charles
Coulomb)
“Insights on the encapsulation of iron-phthalocyanine inside singlewall carbon nanotubes: a 1D organic chain?”

16h30:

Claire PETUYA (Institut des Sciences Moléculaires)
“Revealing preferential CO encapsulation in mixed CO/N2 clathrate
hydrate by means of Raman scattering and Neutron powder
diffraction”

16h45:

Ketty BEAUVOIS (Institut Laue-Langevin)
“Multi-particle excitations in superfluid 4He investigated by inelastic
neutron scattering”

17h00:

BREAK

NEWS FROM THE CENTERS
17h30:

Christiane ALBA-SIMIONESCO (Laboratoire Léon Brillouin)

17h50:

Charles SIMON (Institut Laue-Langevin)

18h10:

Andreas SHREYER (ESS)

18h30:

Virginie SIMONET (Fédération française de neutronique)

19h00:

ASSEMBLEE GENERALE SFN

20h00:

DINER + JDN PARTY

Wednesday, May 4th 2016 – Morning session
SOFT MATTER
9h00:

Invited speaker: Loic BARRE (IFP Energies nouvelles)
“Contribution of X-Ray and Neutron Scattering techniques to the
Characterization of asphaltenic systems”

9h45:

Bruno JEAN (CERMAV)
“Architecture and properties of hybrid cellulose nanocrystals/gibbsite
nanoplatelets multilayered films”

10h00:

Yasine SAKHAWOTH (Laboratoire PHENIX, UPMC)
“Polyelectrolytes and clay colloids in aqueous environment: beyond the
electrostatic picture in clay flocculation?”

10h15:

Xiaoqing LIU (CRPP/LCPO)
“Structure and the Early Stage Kinetic of Polyelectrolyte Complex
Studied by Stopped Flow and Neutron Scattering Techniques”

10h30:

Clémence LE CŒUR (ICMPE)
“Temperature induced conformational change and hydratation of
poly(methacrylic acid)”

10h45:

BREAK

11h15:

Julian OBERDISSE (Laboratoire Charles Coulomb)
“Contrast-matching gone wrong? A study of polymer conformation in
nanocomposites”

11h30:

Annie BRULET (Laboratoire Léon Brillouin)
“Phase separation in hybrid polymer/lipid vesicles studied by SANS”

11h45:

Giacomo MARIANI (Laboratoire MSC, Université Paris-Diderot)
“Integrated
motions
of
molecular
machines
and
motors:
supramolecular complexes and networks structure as seen by SANS”

12h00:

Orsolya CZAKKEL (Institut Laue-Langevin)
“Sub-Tg dynamics in the glassy poly(lactic-acid) as seen by neutron
spin-echo spectroscopy”

High-precision studies in fundamental physics with slow neutrons
O. Zimmer1
1 Institut Laue Langevin, 6 rue Jules Horowitz, 38042 Grenoble, France
What motivates physicists to measure basic physical observables with ever-increasing
precision? Often it is certainly the hope to find a spectacular deviation from what one
expects within the generally accepted framework of physics laws. Such ground-breaking
discoveries are indeed pivotal points in the history of physics, calling for new theories
that offer a better description of what’s going on. Most often, however, as one can state
in intense searches for physics beyond the very successful “standard model” describing
the interactions of elementary particles, all efforts seem only to reinforce already wellestablished theoretical foundations. While this must have been disappointing for the
numerous hunters of new physics, one should not underestimate the value of an orderof-magnitude improvement of precision in tests of “known” physics laws, last but not
least for applications that rely on their predictive power.
The neutron is particularly well suited as a sensitive probe for testing new-physics
scenarios at the low-energy/high-precision frontier, complementary to experiments
done at high-energy particle accelerators. Prominent examples are, among many others,
the long-standing search for a non-vanishing electric dipole moment (testing new
scenarios of time reversal invariance violation for an explanation of the matterantimatter asymmetry in our Universe), searches for deviations from Newton’s gravity
law at short distances (testing for instance the existence of local extra-dimensions that
could explain the weakness of gravity compared to other interactions), or a test of
Einstein’s mass-energy relation (as a prerequisite for a redefinition of the kilogram mass
unit). Improving the precision in any test of physical laws calls for a refinement of
experimental methods or even completely new approaches, which is another important
aspect for the fascination of this field of research.

Complex order and colourful correlations in chromate spinels
G. J. Nilsen 1
1 ISIS Neutron and Muon Source, Science and Technology Facilities Council, OX11 0QX
Didcot, United Kingdom
Geometric frustration describes the inability of a system to satisfy all of its internal
interactions due to the shape of its constituent building blocks. Among its consequences
are an absence of long range order, with the ground state typically instead described by a
set of local constraints. Although geometric frustration is observed in numerous chemical
and biological systems, it is most commonly associated with spin systems, including the
recently famous spin ices RE2M2O7. Here, moments arising from rare earth ions reside on
a pyrochlore lattice of corner sharing tetrahedra, which they may point either into or out
of. The effective ferromagnetic coupling between the spins then results in the constraint
that two moments point in and two out on each tetrahedron in the ground state,
analogously with the positions of hydrogen atoms in water ice. In this talk, I will discuss
the related chromate spinel materials AA'B4O8, where the Cr3+ moments similarly reside
on a distorted lattice of corner-sharing tetrahedral [Fig. 1]. Although the coupling between
the spins is antiferromagnetic rather than ferromagnetic, the ground state is still expected
to be captured by a local constraint, which requires two spins point up and two down
(2U2D) on each tetrahedron. In contradiction with this expectation, both LiGaCr4O8 and
LiInCr4O8 are found to show a complex sequence of magneto-structural ordering
transitions at low temperature. This behaviour arises from the coupling of the magnetism
to collective atomic displacements, which is quickly suppressed by substitution in the
solid solutions LiGa1-xInxCr4O8. The experimental signatures of geometric frustration,
including the 2U2D constraint, are finally recovered in the composition
LiGa0.95In0.05Cr4O8, which also displays an unusual “spin nematic” transition.

Study of the Ising-Like Chain Antiferromagnet BaCo2V2O8 in a transverse magnetic
field.
Q. Faure 1,2, B. Grenier 2, S. Petit 3, L.-P. Regnault 2, M. Boehm4, P. Lejay1, V. Simonet
1CNRS and Université Grenoble Alpes, Institut Néel, F-38042 Grenoble, France
2CEA and Université Grenoble Alpes, INAC – MEM, F-38000 Grenoble, France
3Laboratoire Léon Brillouin, CEA-CNRS, CEA-Saclay, F-91191 Gif-sur-Yvette, France
4Institut Laue Langevin, 71 avenue des Martyrs, F-38042 Grenoble cedex 9, France

1

The one dimensional Ising model in a transverse magnetic field is an archetypal example
of quantum phase transition that was early solved theoretically [1] and only recently
studied experimentally in an Ising-like ferromagnet [2]. BaCo2V2O8, quasi-Ising chain
compound with effective spin ½, is actually the first potential candidate to investigate
such physics in an antiferromaget [3]. It presents already very interesting properties in
zero field with peculiar excitations: two interlaced series of discrete magnetic excitations
(Zeeman ladders) with fluctuations perpendicular (transverse) and parallel (longitudinal)
to the direction of the static magnetic moments, the latter being of pure quantum origin
[4].
To explore the transition from the Néel ordered phase to the quantum correlated
paramagnet in transverse field and to get additional information about the Hamiltonian of
the system, we have performed inelastic neutron scattering using a cryomagnet on
ThALES (ILL). We have studied the field dependence of the magnetic excitations at several
scattering vectors Q (example in Fig.1) and the dispersion of the excitations both along
and perpendicular to the chain direction. Under a transverse field, a strong mixing of the
longitudinal and transverse modes occurs, leading to a peculiar field dependence of the
excitations and to the hybridization of the modes in the Néel phase. Moreover, a
significant increase of the dispersion perpendicular to the chain axis is observed,
signature of the removal of the frustration of the interchain interactions by the field. The
quantum phase transition is revealed at Hc=10 T by the minimum of the lowest energy
mode presenting a gap of ≈ 0.2 meV. In addition, above Hc, well-defined excitations can be
seen, which are characteristic of the quantum phase.
Fig.1Fig1: Field dependence of the excitations measured at
𝑸=(2 at 𝑸 = (2,0,1) in a transverse field for 𝑇=1.8 K.

[1]
[2]
[3]
[4]

Hc#

P. Pfeuty et al. , Ann. Phys., 57 (1970) 79.
R. Coldea et al. , Science, 327 (2010) 177.
S. Niesen et al. , Phys. Rev. B, 87 (2013) 224413.
B. Grenier et al. , Phys. Rev. Lett., 114 (2015) 017201; Phys. Rev. Lett., 115 (2015) 119902.

Observation of magnetic fragmentation in spin ice
S. Petit 1, E. Lhotel 2 , B. Canals 2, M. Ciomaga Hatnea 3, J. Ollivier 4, H. Mutka 4, E.
Ressouche 5, A. R. Wildes 3, M. R. Lees3, G. Balakrishnan3
1
2
3
4
5

LLB, CEA, CNRS, Université Paris-Saclay, CEA Saclay, 91191 Gif-sur-Yvette, France
Institut Néel, CNRS and Univ. Grenoble Alpes, F-38042 Grenoble, France
Department of Physics, University of Warwick, Coventry, CV4 7AL, United Kingdom
Institut Laue Langevin, F-38042 Grenoble, France
INAC, CEA and Univ. Grenoble Alpes, CEA Grenoble, F-38054 Grenoble, France

Fractionalised excitations that emerge from a many body system have revealed rich
physics and concepts, from composite fermions in two-dimensional electron systems,
evidenced through the fractional quantum Hall effect to spinons in antiferromagnetic
chains and, more recently, fractionalisation of Dirac electrons in graphene and magnetic
monopoles in spin ice
Even more surprising is the fragmentation of the degrees of freedom themselves, leading
to coexisting and a priori independent ground states. This puzzling phenomenon was
recently put forward in the context of spin ice, in which the magnetic moment field can
fragment, resulting in a dual ground state consisting of a fluctuating spin liquid, a socalled Coulomb phase on top of a magnetic monopole crystal [1]
Here we show, by means of neutron scattering measurements, that such fragmentation
occurs in the spin ice candidate Nd2Zr2O7 [2,3]. We indeed observe the coexistence of an
antiferromagnetic order induced by the monopole crystallisation and a fluctuating state
with ferromagnetic correlations. Experimentally, it manifests as the superposition of
magnetic Bragg peaks, characteristic of the ordered phase, and a pinch point pattern,
characteristic of the Coulomb phase. These results highlight the relevance of the
fragmentation concept to describe the physics of systems that are simultaneously ordered
and fluctuating.
[1] Brooks Bartlett et al, Magnetic-moment fragmentation and monopole crystallization
Phys. Rev. X 4, 011007 (2014).
[2] Fluctuations and all-in−all-out ordering in dipole-octupole Nd2Zr2O7, E. Lhotel, et al, Phys. Rev. Lett.
115, 197202 (2015), arXiv:1507.01801v1 [cond-mat.str-el].
[3] Observation of magnetic fragmentation in spin ice, S. Petit, E. Lhotel et al., to be published in Nature
Physics.

MEMS compatible magnetic carbon
Swati Sharma,1 Arpad M. Rostas,2 Neil MacKinnon,1 Stefan Weber,2 Jan G. Korvink1
1Department of Microsystems Engineering-IMTEK, University of Freiburg, Germany
2Department of Physical Chemistry, University of Freiburg, Germany
We have developed an amorphous carbon material by pyrolyzing carbon-rich polymer
precursors that exhibits strong room-temperature paramagnetism [1]. It possibly contains
regions of ferromagnetism whose magnetization can flip direction under the influence of
temperature, similar to super-paramagnetic nanoparticles. A High Resolution
Transmission Electron micrograph, and typical Electron Paramagnetic Resonance
spectrum of this material are shown in Figure 1(A,B). The main principle of our MEMS
compatible scalable manufacturing technique is to tune the fraction of dangling bonds in
the ensuing carbon during its heat-treatment, by controlling the bond-dissociation and
formation energies.
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Fig.1 (A) HRTEM image, and (B) EPR spectrum of magnetic pyrolytic carbon
There is an emerging consensus on the existence of magnetism in sp and sp2 carbon
materials, which is attributed to the presence of unpaired electrons at the exposed
graphitic edges. However, there is no convincing explanation of the mechanism of
magnetic behavior in elemental carbon that can be supported with experimental data. Our
novel material is expected to be of great value to researchers investigating the mechanism
of carbon’s magnetism, and to those who envision fascinating engineering applications
using magnetic carbon in MEMS and lab-on-a-chip devices.
A brief review of the state-of-the-art, details of our fabrication methodology, and the
mechanism of magnetic properties in carbon materials will be discussed during the talk.
[1] Swati Sharma, Arpad Rostas, Neil MacKinnon, Stefan Weber, Jan Korvink. ArXiv pre-print, 2015
(http://arxiv.org/abs/1504.00516).

Spin dynamics in the triangular lattice compound

-SrCr2O4

M. Songvilay1, S. Petit1, C. Martin2, V. Hardy2, and F. Damay1
1 Laboratoire Léon Brillouin, CEA-CNRS UMR 12, 91191 Gif-Sur-Yvette Cedex, France
2 Laboratoire CRISMAT, CNRS UMR 6508, 6 bvd Maréchal Juin, 14050 Caen Cedex, France

Two-dimensional triangular antiferromagnets have lead to a large number of theoretical
and experimental studies as they combine low-dimensionality and frustration, which
result in novel exotic states. -ACr2O4 (A = Ca, Sr, Ba) is a family of quasi-2D triangular
antiferromagnets, involving S=3/2 spins associated with chromium ions, in which the
compounds present a structure that comprises triangular layers of edge-sharing CrO6
octahedra, formed by two inequivalent Cr3+ sites.
Among the family, we studied -SrCr2O4 which undergoes a magnetic transition below TN
∼ 43 K ordering into an incommensurate helical structure, close to the classical 120°
structure [3]. The spin dynamics has been mapped out by means of inelastic neutron
scattering and the spin Hamiltonian that best describes the data was determined,
revealing a set of four different intra-plane exchange couplings. These four exchange
couplings are associated to four different distances between nearest-neighboring Cr3+,
revealing a lattice distortion characteristic of this family [4].
The study shows that -SrCr2O4 can be placed as an intermediate case between the
isotropic triangular lattice model and the parent compound -CaCr2O4 reported by Toth et
al. [1], as -SrCr2O4 is less distorted than the Ca counterpart. Moreover, the two
compounds display similar macroscopic magnetic properties [2,3,4] and order with a
configuration close to the 120° structure. However, the set of exchange couplings which
stabilizes the ground state is smaller in the case of -SrCr2O4. Finally, -SrCr2O4 has a
reduced magnetic moment in the ordered state and the inelastic neutron scattering data
presents a singularly broad signal, which could be a sign of strong quantum fluctuations
affecting the ground state, as observed in -CaCr2O4.
[1]
[2]
[3]
[4]

S. Toth et al., Phys. Rev. Lett. 109, 127203 (2012)
S. Toth et al., Phys. Rev. B 84, 054452 (2011)
S.E. Dutton et al. J. Phys.: Condensed. Matter 23, 246005 (2011)
V. Hardy et al., Journal of Magnetism and Magnetic Materials 330 (2013)

One-dimensional
short-range
magnetic
magnetoelectric pyroxene CaMnGe2O6
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L. Ding,1,2 C. V. Colin,1,2 C. Darie,1,2 J. Robert,1,2 F. Gay,1,2 and P. Bordet1,2
1 Université Grenoble Alpes, Institut NEEL, F-38000 Grenoble, France
2 CNRS, Institut NEEL, F-38000 Grenoble, France
Recently, clinopyroxenes containing magnetic cations have attracted revitalized interest
because some of them were found to present rich multiferroic and magnetoelectric
properties [1]. These intriguing physical properties are attributed to the existence and
possible interplay of low dimensionality and magnetic frustration [2]. CaMnGe2O6
crystallizes with monoclinic C2/c symmetry. Its structure consists of edge-shared MnO6
octahedra forming zigzag chains separated by nonmagnetic GeO4 tetrahedra (fig. 1). Below
TN (15K), CaMnGe2O6 orders in a commensurate collinear antiferromagnetic structure [3]
that allows for the linear magnetoelectric effect. In this contribution, we present an
investigation of the magnetic and magnetoelectric properties of CaMnGe2O6 by means of
neutron diffraction, magnetization, heat capacity, and electrical polarization
measurements. These techniques coincidentally reveal the presence of one-dimensional
short-range spin correlations within the MnO6 octahedra chains well above long-range
antiferromagnetic ordering. A one-dimensional antiferromagnetic correlation model along
the zigzag chains was developed to fit the diffuse magnetic scattering (fig. 2). The linear
magnetoelectric effect and pertinent ferrotoroidicity, allowed by the magnetic symmetry
(C2’/c), have been verified experimentally and theoretically [4].

Figure 1: Left: representation of the magnetic structure
Figure 2: Fit of the magnetic diffuse neutron scattering
of CaMnGe2O6; right: the schematic drawing
to a 1D
of AFM correlation model along the zigzag chains.
triangular exchange interaction.

[1] S. Jodlauk, P. Becker, J. A. Mydosh, D. I. Khomskii, T. Lorenz, S. V. Streltsov, D. C. Hezel, and L.
Bohaty, J. Phys.: Condens. Matter 19 (2007), 432201.
[2] G. Nénert, M. Isobe, I. Kim, C. Ritter, C. V. Colin, A. N. Vasiliev, K. H. Kim, and Y. Ueda, Phys. Rev. B 82
(2010), 024429.
[3] G. J. Redhammer, G. Roth,W. Treutmann, W. Paulus, G. André, C. Pietzonka, and G. Amthauer, J. Solid
State Chem. 181 (2008), 3163.
[4] L. Ding, C. V. Colin, C. Darie, J. Robert, F. Gay, and P. Bordet, Phys. Rev. B, 93 (2016) 064423.

Intra-unit-cell magnetic correlations around optimal doping in cuprate
high-temperature superconductors
L. Mangin-Thro 1,2, Y. Sidis 1, A. Wildes 2 and P. Bourges 1
1 Laboratoire Léon Brillouin, UMR12 CEA-CNRS, CEA Saclay, 91191 Gif sur Yvette, France
2 Institut Laue-Langevin, 71 avenue des martyrs, 38000 Grenoble, France
Understanding high-temperature superconductivity in cuprates requires a prior
knowledge of the nature of the enigmatic pseudo-gap phase, out of which the
superconducting state emerges. Namely, an intra-unit-cell (IUC) magnetic order
universally exists below the pseudo-gap temperature T*. It has been reported using
polarized neutron scattering in various cuprate families [1-6], including YBa2Cu3O6+x.
Combined with resonant ultrasound measurements [7], it has been established that the
pseudo-gap is a broken symmetry state. The IUC magnetic order indicates that translation
invariance is preserved but time reversal symmetry is broken. This magnetic order could
be the result of loop currents, flowing within the unit cell, producing staggered orbital
magnetism [8]. In this scenario, the order is likely to vanish around a quantum critical
point close to the hole doping p=0.19. The order is long-ranged at low doping and
vanishes at high doping (p=0.19). However, its evolution around optimal doping had not
yet been addressed.
Our recent study [9] on a YBa2Cu3O6.85 (p=0.15) single crystal, performed on 4F1
(LLB), revealed the persistence of the IUC magnetic order near optimal doping. However,
the magnetic intensity is strongly reduced compared to lower doped samples, which could
be triggered by a redistribution of the magnetic scattering in momentum space. Additional
diffraction measurements performed on D7 (ILL) revealed finite magnetic correlation
lengths [9]. Moreover, the two components (in-plane and out-of-plane) of the magnetic
moment display different temperature dependences. At low temperature, both components
are present, in agreement with the observation of a tilt of the magnetic moment [5]. Above
T*, the in-plane component vanishes. At high temperature, the moment thus points
perpendicular to the plane, as originally predicted in the loop current model [8]. The
discovery of these two regimes puts stringent constraints, which are tightly bound to the
pseudo-gap physics, on the intrinsic nature of the IUC magnetic order.
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The SONATE project: Is it possible to build compact neutron sources
to perform neutron scattering and replace nuclear reactors?
N. Chauvin1, X. Fabrèges2, A. Letourneau3, A. Marchix3, A. Menelle2, F. Ott2, J.
Schwindling1, C. Alba-Simionesco2
1 DRF/IRFU/SACM, CEA Saclay 91191 Gif sur Yvette
2 Laboratoire Léon Brillouin, UMR12 CEA/CNRS CEA Saclay 91191 Gif sur Yvette
3 DRF/IRFU/SPHN, CEA Saclay 91191 Gif sur Yvette
During the past decades, important technological progress have been made in various
fields such as protons accelerators, neutron optics, Monte-Carlo simulations. High
current protons accelerators appear as the best option to replace in the future aging
nuclear reactors. During the last 12 months, the LLB and the CEA/IRFU have
evaluated the possible designs for a compact neutron source which could replace a
research reactor such as Orphée in Saclay to perform neutron scattering experiments.
The current proposed solution SONATE is based on a high current proton accelerator
operating at rather low energies (20-40 MeV) and using a Beryllium target and a long
pulse moderator. The whole Target-Moderator assembly would fit in a volume on the
order of 100 liters. In parallel, the Jülich Center for Neutron Scattering has been
working on a similar concept and has converged towards a similar design [1].
We will present the currently proposed source design and the projected designs and
performances of various instruments types (SANS, reflectometer, imaging, powder
diffractometer, Time-of-Flight, spin-echo).

[1] The Jülich high-brilliance neutron source project. U. Rücker, T. Cronert, J. Voigt, J. P. Dabruck, P. E. Doege, J. Ulrich, R. Nabbi, Y. Beßler, M. Butzek, M. Büscher et al. EPJ + 131 (2016) 19. DOI:
10.1140/epjp/i2016-16019-5

The ion source, RFQ and DTL sections of a large current accelerator for the SONATE
project. The length of the accelerator assembly is on the order of 25m.

Complete renewal of ILL neutron spin echo instruments
P. Falus1, P. Fouquet1, B. Faragó1,
1Institut Laue-Langevin, 71 avenue des martyrs, 38000 Grenoble, France
All functioning Neutron Spin echo spectrometers essentially use the IN11A design where
the precession field is generated by a long solenoid along the neutron beam. This
construction while gives high energy resolution, limits the angular coverage of the
instruments. Last century there have been two tries to make a wide angle coverage
neutron spin echo instrument. IN11C uses a flattened solenoid and has been in use since
then, having a 30 degree-wide angular coverage but a very limited resolution. This
instrument was practically trading intensity for resolution. The SPAN instrument at HZB
used pair of coils in the anti-Helmholtz configuration creating an azimuthally symmetric
magnetic field; this in theory could allow a nearly 360 degree detector coverage. The
newest ILL instrument WASP will use an improved SPAN construction, and it aims to have
a 1000 times higher detected intensity than IN11A, while the resolution remains the
same.
While WASP has been in the works for a decade [1-3], it has finally taken off, all major
components have been delivered and a new guide hall and a new neutron guide system
are waiting for the start of WASP commissioning in 2016.
IN15 while having a traditional IN11A configuration has received an important upgrade in
2015. By increasing the field integral by a factor of four, the experimenters have the
choice of either reaching for longer spin echo times or having ten times higher intensity at
equivalent times. The addition of new sample environments and auxiliary methods should
further speed up the measurements. This talk will give me a chance to show the first
results from the shiny new instrument.

[1] P. Fouquet, G. Ehlers, B. Farago, C. Pappas and F. Mezei, J. Neutron Res. 15, 39 (2007).
[2] P. Fouquet, B. Farago, K.H. Andersen, P.M. Bentley, G. Pastrello, I. Sutton, E. Thaveron, F. Thomas, E.
Moskvin and C. Pappas, Rev. Sci. Instrum. 80, 095105 (2009).
[3] P. M. Bentley, P. Fouquet, M. Böhm, I. Sutton, C. D. Dewhurst and K. H. Andersen, J. Appl. Cryst. 44,
483 (2011).

Three-Axis Low Energy Spectroscopy at the Institut Laue Langevin
M. Boehm 1, P. Steffens 1, M. Klicpera 1, S. Roux 1, J. Kulda 1, V. Sechovsky 2, P. Svoboda 2
and J. Šaroun 3
1 Institut Laue-Langevin, 71 avenue des Martyrs, 38042 Grenoble, France
2 Faculty of Mathematics and Physics, Charles University, 121 16 Praha 2, Czech Republic
3 Nuclear Physics Institute AS CR, 25068 Rez, Czech Republic
Neutron inelastic scattering studies using three-axis spectrometers (TAS) are
indispensable for measuring elementary excitations of magnetic correlated systems.
Neutron inelastic scattering remains the method yielding the most complete information
on the role of space and time correlations and their interplay in the behavior of condensed
matter systems. Moreover, neutrons couple with comparable strength to both the
structural and magnetic degrees of freedom and the two scattering components can be
quite cleanly separated using polarized neutron techniques.
The new cold neutron spectrometer ThALES at the Institut Laue-Langevin has been
optimized for exploring correlated magnetic systems beyond the experimental possibilities
of its predecessor IN14 spectrometer [1-3] in terms of data collection rate, kinematical
range and neutron polarization analysis. ThALES covers momentum transfers up to 2 Å-1
and energy transfers up to 18 meV with enhanced energy resolution (~0.05 meV at
incident wavenumber ki = 1.5 Å-1). The modified spectrometer shielding can host high field
measurements up to 15 T in the complete dynamical range, while the new Heusler
monochromator will provide a polarized neutron flux comparable to the old IN14 in its
unpolarized mode. The challenge of measuring magnetic excitations in mm3-sized samples
has been addressed by combining the virtual source concept with a focusing guide and a
Si 111 focusing monochromator.
We present first results demonstrating the capabilities of this spectrometer for measuring
magnetic correlated systems. The commissioning phase of ThALES has been finished in
2015. The instrument is now available to the user community.
The ThALES project is a collaboration between ILL and Charles University, financed by
the Czech Ministry of Science and Education (Project no. LM2010001).
[1] Boehm M., Roux S., Hiess A., Kulda J., JMMM 310 (2007), e965-e967.
[2] Boehm M., Roux S., Hiess A., Kulda J., I. Saroun, Meas. Sci. Technol 19 (2008), p.034024.
[3] Boehm M., Cermak P., Kulda J., Hiess A., Steffens P., Šaroun J., J. Phys. Soc. Jap. 82, Supplement A,
SA026 (2013).

In situ container-less neutrons scattering experiments on liquids and
aqueous solutions: an overview on levitation techniques at ILL
V. Cristiglio 1, L. Hennet 2, D. Holland-Moritz 3, I. Grillo 1, G. Cuello 1, H. Fischer 1
1 Institut Laue Langevin, 71 avenue des Martyrs 38000 grenoble, France
2 CNRS-CEMHTI Site Haute Température 1d, avenue de la Recherche Scientifique, 45071
Orleans, France
3 Institut fuer Materialphysik im Weltraum, Linder Hoehe D-51147 Koeln, Germany
The sample environment is a critical component of research programs in advanced
materials, geological systems, biology, and energy-related applications.
Over the past ten years an increasing number of studies on liquid materials have been
carried out thanks to the container-free sample handling methods. Techniques based on
aerodynamics or electromagnetic levitation have created new opportunities for
investigating the structure of high-temperature liquids (up to 3000K) and during their
glass transition with a very high degree of temperature and chemical composition control
[1,2,3]. Several installations of these levitation devices have been used at ILL to allow
studies on molten materials.
A new method based on acoustic levitation is also available at ILL [4]. The technique was
originally designed to study the evaporation rate of pure solvent droplets suspended in a
dry in gas, but was later extended to studies of solution droplets. Evaporation of the
solvent during levitation gradually decreases the volume of the droplet and therefore
increases the corresponding concentration of the solute. This allows to study phenomena
like aggregation and crystallization in situ and to quickly find suitable crystallizing
conditions.
In this talk these container-less techniques will be presented and some related results of
structure investigation made by neutrons scattering will be discussed.
[1]
[2]
[3]
[4]

L. Hennet et al., Rev. Sci. Instrum. 77 (2006) 053903.
P.-F. Paradis et al, Mater. Sci. Eng. R 76, 1 (2014).
D. Holland-Moritz et al., Meas. Sci. Techn. 16 (2005) 372.
R. Weber at al., Rev. Sci. Instrum. 80 (2009) 083904.

Integrated simulation infrastructure for neutron scattering experiment
planning
E. Farhi 1
1 ILL, 71 avenue des Martyrs - CS 20156 - 38042 GRENOBLE CEDEX 9
We present an integrated computational environment to simulate material structure and
dynamics. An initial material structure file is sent to DFT or classical molecular dynamics
software (ABINIT [1], QuantumEspresso [2], Elk [3], GPAW [4] …) which can compute the
stable material structure and extract the coherent inelastic phonon spectrum. The
infrastructure is built upon iFit [5] and ASE [6].
The simulation results can be used to plan a measurement on a virtual instrument using
McStas [7] (e.g. powder diffractometer, TOF spectrometer, TAS, Laue, …). Only a sample
description file (CIF, PBD, …) is required, plus the instrument class to simulate, and a
limited set of instrument parameters. Results can be plotted and retrieved in a number of
scientific formats for further use.
A web service giving access to these tools is being set-up, and can eventually be plugged
into a proposal submission system for an automatic experiment estimate.
Installation is done as a simple virtual machine (ISO) to be installed as a cluster front end
through a web server.

The 4D phonon spectrum shown in the QH=0 plane for Si, computed with ABINIT, using the
iFit/ASE infrastructure.
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X. Gonze et al, Computer Physics Communications 180, 2582-2615 (2009).
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Dynamique de formation, structure et propriétés de couches de
polymères greffés: apport des techniques neutrons
Dynamical formation, structure and properties of grafted polymer
layers: contribution of neutron techniques
L. Léger1
1Laboratoire de Physique des Solides, Université Paris Sud-Paris Saclay, CNRS UMR
8502, Bâtiment 510, 91405 Orsay Cedex
Nous présenterons une revue des expériences qui ont été conduites entre autre au LLB
pour comprendre les mécanismes de greffage, l'organisation et le comportement
dynamique de chaînes de polymère greffées sur une paroi solide, et discuterons comment
cela a alimenté la construction de modèles de ces systèmes et permis d'en optimiser
certaines applications, en adhésion et en friction par exemple.
We will present some experiments performed at LLB to understand the grafting
mechanism, organization and dynamical behavior of grafted polymer chains on solid
surface and we’ll discuss how it helps to build model systems and optimize some
applications such as adhesion or friction.

Dynamical magnetoelectric coupling in multiferroic compounds: iron
langasite and hexagonal manganite
L. Chaix1,2,3,4, S. de Brion3,4, E. Ressouche5, S. Petit6, R. Ballou3,4, A. Cano7, J. Ollivier1,
L.-P. Regnault5, J.–B. Brubach8, P. Roy8, C.V. Colin3,4, P. Lejay3,4, B. Canals3,4, F. LevyBertrand3,4 and V. Simonet3,4
1 Institut Laue-Langevin, 6 rue Jules Horowitz, 38042 Grenoble, France
2 Stanford Institute for Materials and Energy Sciences, SLAC National Accelerator
Laboratory, Menlo Park, California 94025, USA
3 Institut Néel, CNRS, 38042 Grenoble, France
4 Université Grenoble Alpes, 38042 Grenoble, France
5 SPSMS-MDN, INAC, 38054 Grenoble, France
6 CEA, Centre de Saclay, Laboratoire Léon Brillouin, 91191 Gif-sur-Yvette, France
7 CNRS, Univ. Bordeaux, ICMCB, UPR 9048, F-33600 Pessac, France
8 SOLEIL / AILES, L’Orme des Merisiers, France
This experimental thesis was motivated by the study of the dynamical properties of two
kinds of multiferroic compounds: the iron langasites and the hexagonal manganites. We
probed the excitations of these compounds using two complementary experimental
techniques: the THz spectroscopy and the neutron scattering technique (with polarized
and unpolarized neutrons).
We measured the dynamical magnetoelectric properties of the multichiral iron langasite
compound. We observed magnetoelectric excitations that have been interpreted as
atomic rotation modes excited by the electric and magnetic components of the
electromagnetic wave. On the other hand, we reported neutron scattering
measurements revealing new important features of the magnetic order of this
compound: the bunching of the helical modulation along the c-axis and the in-plane
distortion of the triangular Fe-spin arrangement with the structural loss of the 3-fold
axis. These weak modulations are compatible with the magnetoelectric excitations and
the multiferroicity recently evidenced in this compound.
In parallel, we investigated the dynamical magnetoelectric properties of the hexagonal
manganite ErMnO3. We reported the first observation of an electromagnon in this
compound. This new magnetoelectric excitation corresponds to a Mn magnon excited by
the electric component of the electromagnetic wave. From comparison with the YMnO3
compound, this electromagnon was interpreted as a hybrid mode between an
electrically active Er crystal field excitation and a standard Mn magnon.

Elucidating Structure and Function of Biological Systems by the
Alliance of Atomistic Simulations and Neutron Scattering
F. Merzel
National institute of Chemistry,
Ljubljana, Slovenia
Using atomistic simulations together with neutron scattering measurements is of great
importance in molecular biophysics because such an approach provides a
complementary information about structural and dynamical details of biological
systems. Several examples of application of classical and ab initio MD simulations to
the interpretation of neutron scattering experiments are examined and the resulting
ideas on the general characteristics of bio-molecular motions discussed in terms of
their functional implications.
As an example we demonstrate the softening effect of the protein dynamics upon ligand
binding [1]. Next, the DNA neutron scattering experimental data is interpreted with the
aid of MD simulations and large scale, all-atom, phonon calculations opening a view
into the stiffness of DNA and its structural integrity on different length scales [2, 3].
Small peptides in aqueous solution are analyzed for their conformational preferences
using ab-initio MD simulations IR-spectroscopy and neutron diffraction experiments.
[1] E. Balog, D. Perahia, J.C. Smith, F. Merzel, J. Phys. Chem B. 115, (2011), 6811-6817.
[2] L. van Eijck, F. Merzel, et al., Phys. Rev. Lett. 107, (2011), 088102.
[3] F. Merzel, F. Fontaine-Vive, M.R. Johnson, G.J. Kearley, Phys. Rev. E 76, (2007), 031917.

Analysis of Dystrophin 3D Structure in the Presence of Membrane
Lipids
R. Dos Santos Morais1, 2, 3, A.-E. Molza1, O. Delalande1, E. Le Rumeur1, C. RaguenesNicol1, A. Cheron1, C. Tascon1, T. Chenuel1, J. Perez3, J.-F. Hubert1, S. Combet2
1 IGDR (UMR6290, Rennes, France)
2 LLB (UMR12, CEA-CNRS, Saclay, France)
3 Beamline SWING (Synchrotron SOLEIL, Saint-Aubin, France).
Protection of cell membrane against shearing stresses is
ensured by cytoskeletal proteins. Amongst them,
dystrophin1 (Fig. 1) plays a key-role in muscle and its
absence leads to the severe Duchenne Muscular Dystrophy
(DMD), whereas its deficiency causes heterogeneous Fig 1: Schematic illustration of
Becker Muscular Dystrophy (BMD). Exhaustive knowledge dystrophin (in red) interactions with its
of dystrophin membrane interaction is needed to help for identified partners.
gene therapy strategies devoted to DMD and BMD. Dystrophin is a large, monomeric,
amphipathic, and fibrous protein, whose structural analysis is not accessible by NMR
and X-ray crystallography. Its three-dimensional structure is being elucidated through
the combined use of SAXS and molecular modeling2. Previous work of J.F. Hubert’s
team highlighted that the interfacial properties of dystrophin are modulated according
to the region of the protein involved, the nature of lipids, as well as the membrane
curvature, that play key-roles in the physiology of the muscle cell3, 4, 5. To understand
what may be the role of these properties in vivo, we aim to determine the structure and
the interaction mode of dystrophin fragments in the presence of membrane mimetic
models such as bicelles and liposomes. To carry out this project, SAXS and SANS data
are coupled to molecular modeling (Fig. 2).
Fig 2: Graphical overview of the strategy
employed.
Left:
SEC-SAXS
intensity
measured (SWING, SOLEIL) for bicelles
with (green) or without (blue) R11-15
dystrophin
fragment.
Middle:
R1115/bicelle
coarse-grained
molecular
dynamics
simulation.
Right:
SANS
intensity measured (D22, ILL) for buffer
(green),
contrast-matched
deuterated
bicelles
(cyan),
R11-15
dystrophin
fragment with (red) or without contrastmatched deuterated bicelles (blue).
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Neutron reflectometry studies of the structure of OprF ion channel
protein from the bacterium P. aeruginosa
M. Maccarini,1 L. Gayet,1 J-P Alcaraz,1 L. Liguori,2 E. B. Watkins,3 J-L Lenormann,1 D.
K. Martin1
1 Laboratoire TIMC-IMAG, Université Grenoble Alpes, France
2 Institut de Biologie Structural, Grenoble, France
3 Los Alamos National Laboratory Los Alamos, New Mexico 87545, USA
Infection by the bacterium Pseudomonas aeruginosa is a serious problem for
patients who are hospitalized with cancer, cystic fibrosis and burns [1]. The case
fatality rate in these patients is near 50%. P. aeruginosa is primarily a nosocomial
pathogen and the fourth most commonly-isolated nosocomial pathogen accounting for
10% of all hospital-acquired infections. Strains of the P. Aeruginosa bacterium are
resistant to most of the common antibiotics used in hospitals, due mainly to the low
permeability of its outer membrane [2]. OprF, the main porin of the P. Aeruginosa outer
membrane, is responsible for this low permeability and it is thought to have an
important role in the antibiotic resistance of the bacterium. For this reason, it is a very
novel target for new drugs that will kill bacteria resistant to standard antibiotics. In our
laboratories a novel cell-free method to synthesis the protein has been developed to
provide controlled studies of the structure and function of OprF [3].
By means of advanced biochemical techniques, we are able to incorporate it in a
model lipid bilayer membrane (tLBM) that is tethered to gold electrodes. This tLBM
system has allowed us to measure the conductance of OprF using impedance
spectroscopy (EIS). OprF purified using the biochemical purification techniques and
incorporated into proteoliposomes retained biological functionality as confirmed by
binding to INF-g. The crystallographic high-resolution structure of OprF is not available
due to the difficulties involved in crystallising membrane proteins. By the use of
neutron reflectometry (NR), we provided an alternative route to obtain fundamental lowresolution information on the nanoscale structure OprF, in an environment that mimics
its native condition. NR allowed us to characterize the nanostructural details of the
lipid membrane, the amount of the protein embedded in the bilayer, the thickness of
the extramembrane domain of the proteins, which extends from the membrane. These
investigations are not possible using the classical techniques of biology and reinforce
the crucial role played by neutron scattering in evincing fundamental details of
biological samples.
This study showed that OprF purified using the cell free protocol and then
incorporated into tethered lipid bilayer yields a controllable (and measurable at the
nanoscale) biomimetic system constructed in vitro. This system provides the means to
identify ways to control membrane proteins, and hence to open possibilities of finding
new drugs that are not antibiotics, which could help to fight the serious infections
caused by P. Aeruginosa.
[1] Blackwood, L. L., and J. E. Pennington. 1981. Infect. Immun. 32:443–448.
[2] Hancock REW et al. (1998) Pseudomonas Biotechnology Handbooks Vol. 10: Plenum, London
[3] Liguori L. et al. (2008). Liposomes-mediated delivery of proapoptotic therapeutic membrane
proteins. Journal of Controlled Release. 126: 217-227

Food proteins under processes studied by neutron scattering and
imaging.
C. Loupiac1
1 Equipe PCAV, UMR PAM, Université de Bourgogne Franche Comté-AgroSup Dijon, Dijon,
France
camille.loupiac@agrosupdijon.fr
Properties of the food matrices need to be studied as a function of parameters as
temperature, high pressure, water content, and small co-solute nature (salt, sugars …).
It is expected that this will contribute to an improved knowledge of molecular
mechanisms underlying physical phenomena such as barrier properties, diffusion,
phase transitions and structural rearrangements of the different food macromolecules.
The talk will present some of our recent results on protein hydration and stability, with
a specific focus on protein structure and dynamics in concentrated systems in
relationship with a potential change of functionalities. The structure of the proteins in
the matrix has to be followed during processes and storage. We will try to make an
overview of the different neutron instruments that have been used these last few years
to target protein’s structure and dynamics in food matrices. One of the main goal of the
talk will be to present how, by combination of different neutron experiments, one can
partly cover the wide range of dynamical and structural events which are crucial to
improve proteins functionalities and stability in food matrices.

Lattice dynamics and thermal conductivity of the Ba8Ge40.6Au5.25
clathrate
Pierre-François Lory1,2, Stéphane Pailhès3, Valentina M. Giordano3, Holger Euchner4,
Hong Duong Nguyen5, Horst Borrmann5, Marcus Schmidt5, Michael Baitinger5,
Matthias Ikeda7, Petr Tomeš7, Marek Mihalkovič8, Céline Allio6, Mark Robert Johnson1,
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Despite numerous experimental and theoretical studies, the exact atomic mechanism
that leads to a low lattice thermal conductivity in cage compounds such as clathrates is
still under debate. The concept of phonon glass and the role of localized vibration of the
guest atom inside the cages is one of the main arguments, which has been put forward
(see [1] for a recent review). More recently inelastic neutron and x-ray scattering
experiments on single crystal coupled with atomic scale simulation have evidenced the
importance of the phononic filter concept [2-3].
We will present a detailed study of the structure and lattice dynamics of the
Ba8Ge40.6Au5.25 clathrate carried out on a single grain crystal by means of inelastic
neutron scattering. The high resolution set up allowed us to evidence, for the first time,
a finite lifetime of the acoustic phonon, which is surprisingly a 100 time larger than
expected from the simple phonon glass concept. This apparent contradiction can be
resolved once the heat carrying phonons are restricted to the acoustic modes.
[1] - T. Takabatak, K. Suekuni, T. Nakayama Rev Mod Phys, 86, 669 (2014)
[2]- H. Euchner, S. Pailhes, L. T. K. Nguyen, W. Assmus, F. Ritter, et al., Phys. Rev. B 86 (2012) 224301
[3]- S. Pailhes, H. Euchner, V. M. Giordano, R. Debord, A. Assy, et al., Phys. Rev. Lett. 113 (2014)

Proximity effects in single-crystal superlattices revealed by neutron
reflectivity and enabled by a new sample environment: The case of
Fe/VHx and Cr/VHx
G. Pálsson1,2, S. Droulias1, L. Mooij1, P. Gutfreund2, M. Wolff1 and B. Hjörvarsson1
1 Division of Materials Physics, Department of Physics and Astronomy, Uppsala
University, Uppsala, Box 516 SE-75120 Sweden
2 Institut Laue-Langevin, 71 avenue des Martyrs, CS 20156, F-38042 Grenoble Cedex 9,
France
Hydrogen absorption is known to occur in many metals and great efforts are under way
to explore their viability as mobile and stationary energy storage. One of the avenues is
to investigate the effects of confinement and finite size on the absorption properties [1].
The physical properties of thin films are in many cases strongly affected by the
presence of boundaries such as the sample surface, other material layers, or a
substrate. We use Cr/V and Fe/V single-crystal superlattices as model systems to
explore the effects of hydrogen absorption on exposure to proximity of a nonabsorbing
layer [2]. Vanadium absorbs hydrogen readily whereas chromium and iron do not.
The thermodynamic properties are measured as a function of applied hydrogen
pressure P and temperature T, and the resulting concentration inside the film is of
primary importance. Measuring the amount of hydrogen is a challenge but can be
solved either with neutron reflectivity or optical transmission. We have developed an
ultra high vacuum neutron scattering chamber capable of simultaneous neutron and
optical measurements. We present the commissioning of this sample environment and
recent results from SuperADAM and D17 at the ILL. We measure the hydrogen-induced
one dimensional-volume expansion as well as the concentration of deuterium in Fe/V
2/14 ML (mono layers) and Cr/V 2/14 ML superlattices [3].

[1] X. Xin, G. K Pálsson, M. Wolff, B. Hjörvarsson, Phys. Rev. Lett. 113, (2014) 046103.
[2] G. K. Pálsson, A. K. Eriksson, M. Amft, X. Xin, A. Liebig, S. Ólafsson, B. Hjörvarsson, Phys. Rev. B 90,
(2014) 045420.
[3] S. Droulias et al., to be published (2016).
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Low-temperature oxygen ion diffusion mechanisms are particularly important from a
technological point of view, for the design and optimization of new ionic conductors,
such as oxygen membranes in all solid fuel cells (SOFC). Two classes of oxides, the
oxygen deficient perovskites with brownmillerite type structure and the K2NiF4 type
structure compounds, are known to intercalate oxygen in a topotactic reversible
reaction already at room temperature, and in this respect they are potential candidates
as membranes oxygen as well as key systems for studying correlations between
dynamics and structural changes associated with charge transfer (i.e. oxygen
stoichiometry).
We present here neutron scattering studies (diffraction and inelastic diffusion), coupled
with density functional theory calculations (DFT) on non-stoichiometric (Pr/Nd)2NiO4+
phases. These combinations allowed to access and understand the oxygen diffusion
paths as well as its phonon assisted diffusion mechanism.
In a first step in situ neutron powder diffraction patterns, obtained during an
electrochemical reduction allowed for both compounds to follow in real time structural
modifications as a function of the charge transfer. Further on neutron diffraction
studies on single crystals, carried out at different temperature, helped to importantly
evidence anharmonic displacement factors of the apical oxygen atoms using the
Maximum Entropy algorithm (MEM). The anharmonic double potential turns out into
large displacements, pointing towards adjacent vacant interstitial sites, and thus
generates a low energy oxygen diffusion pathway [1]. These large amplitudes were
confirmed by inelastic neutron experiments and DFT calculations, to be of dynamic
origin, which is consistent with a phonon assisted diffusion mechanism [2].
These results will be compared with structural and inelastic neutron scattering
experiments of a new deficient perovskite Sr2ScGaO5, which is a pure ionic oxygen
electrolyte [3]
δ

[1] M. Ceretti, O. Wahyudi, A. Cousson, A. Villesuzanne, M. Meven, B. Pedersen, J.M. Bassat, W. Paulus,
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[2] A. Perrichon, A. Piovano, M. Boehm, M. Zbiri, M. Johnson, H. Schober, M. Ceretti, W. Paulus, Journal
of Physical Chemistry C, 119 (2015) 1557-1564.
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Stress or temperature induced order-disorder transitions in Fe2VAl
Heusler alloy
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The Fe2VAl Heusler alloy is a potential thermoelectric material [1]. It displays a large
Seebeck coefficient and a small electrical resistivity but its thermal conductivity is too
large, leading to thermoelectric performances ten times smaller than in the state of art
thermoelectric material Bi2Te3 at 300K. To compete with Bi2Te3, its thermal conductivity
has to be reduced. This requires, as a prerequisite, a good knowledge of the metallurgy
of Fe2VAl.
At 25°C, Fe2VAl crystallizes in the L21-structure type (Fm m) [2, 3]. Differential thermal
analysis was carried out and unveiled two transitions at 1100 ± 10°C and at 1240 ±
10°C. High temperature powder neutron diffraction performed at the ILL showed that
Fe2VAl undergoes two order-disorder transitions. The first one at 1100°C transforms
the L21 structure to the disordered B2 structure (CsCl, Pm m) with Al and V mixed on
the same crystallographic site. The second one at 1240°C leads to the fully disordered
A2 structure (W, Im m). Careful Rietveld analysis showed that the L21 structured is
well ordered at 25°C but that atom mixing already occurs at 800°C and increases with
temperature. Even more intriguing, at 25°C, under a mechanical stress such as hand
grinding, Fe2VAl can also undergo a transition to a highly strained metastable B2
structure.
These experimental results are indeed supported by first principles calculations (DFT +
GGA). The calculated relative ground state energies at T = 0 K of the ordered L21 and
disordered B2 structures only differ by 3 kJmol-1. This leads to a thermodynamic
competition between these two structures even at 25°C.

[1] Y. Nishino et al., Phys. Rev. B, 74 (2006) 115115.
[2] D. E. Okpalugo et al., J. Phys. F, 15 (1985) 681.
[3] Y. Nishino, et al., Phys. Rev. Lett., 79 (1997) 1909.

Hydrogen motions in defective graphene: the role of surface defects
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Hydrogenated graphene sheets, produced in macroscopic quantities by the ther- mal
exfoliation of graphene oxide, have structures that show a high degree of disorder and
they are therefore poorly characterised. The key interest in this system is as a catalyst
for the formation of molecular hydrogen in interstellar clouds. Neutron vibrational
spectroscopy, combined with DFT molecular dynamics simulations, provides a
fingerprint of the local structure. sp2 carbon sites, on the edges of and in voids in the
graphene sheets, are clearly identified and the level of hydrogenation is ∼50%. At 5 K,
the ground state is composed of large clusters of hydrogen and, at temperatures of
∼300 K, a high degree of dispersion of the clusters is observed. The underlying
hydrogen dynamics involves the breaking and reforming of covalent bonds which, at
such low temperatures, is mediated by incoherent tunnelling of hydrogen.
Understanding the mobility of H at a quantum level is one of the essential ingredients
for a robust comprehension of the catalytic formation of H2 by carbon nanostructures
[1].

[1] C. Cavallari et al., submitted to ACS. Nano (2016)

Insights on the encapsulation of iron-phthalocyanine inside singlewall carbon nanotubes: a 1D organic chain?
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Carbon Nanotubes (NTs) are nano-objects, which have driven interest since its hollow
space yields the possibility of studying 1D systems. Synthesized NTs are spatially
arranged in the form of bundles. This characteristic 2D ordering has a signature, the
peak (10) (See fig.1).
A class of molecules interesting for encapsulation are Phathalocyanines (Pc), π-electron
macrocyclic blue-green synthetic pigments which can be synthesized with a tunable
central atom[1]. They display other useful bulk optical properties including dichroism
and luminescence[2] as well as the magnetic dependent structure[3].
The bulk Iron-Phthalocyanine (FePc) has
two major crystalline phases which are αFePc and β-FePc[4,7]. The α-phase is a metastable form, but can become energetically
favored below a critical volume[1]. The
Figure 01. Left: Schematic representation Iron-Phthalocyanine. Right:
second bulk form β-FePc is a stable phase.
Schematic representation of α and β-phases .
[4,7]

Several works in the literature have shown that it is possible to obtain one-dimensional
arrays of FePc by encapsulation inside single walled-carbon nanotubes[5,6]. The stacking
of the FePc molecules inside carbon nanotubes is similar to the chain along the a-axis
of the β-phase. The FePc chain inside NTs, therefore determines the 1D lattice
parameter of the confined structure.
In this work, the used approach is to couple
experimental Small-Angle Neutron Scattering data
with numerical simulations and molecular dynamics.
We show data recently obtained at D16 (ILL) and
PAXY (LLB) spectrometers. The chosen approach has
brought insight concerning the structure of the
encapsulated square-planar molecule: FePc@NT21
(where 21Å is the radius of the NT).
Figure 02. Experimental SANS data obtained at D16;
Bottom: results of numerical simulation.
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Revealing preferential CO encapsulation in mixed CO/N2 clathrate
hydrate by means of Raman scattering and Neutron powder
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Clathrates hydrates belong to the family of inclusion compounds and form a crystalline
structure having aqueous cages and guest molecules encapsulated inside1. These
systems have many applications in various fields such as environment, energy or
astrophysics. The molecular selectivity issues play an important role in understanding
the physicochemical properties of these aqueous systems and many factors, such as
steric hindrance2 or thermodynamic conditions of formation3, govern this selectivity.
The work presented is based on the study of selectivity in clathrate hydrates formed
from gas mixture of CO and N2 (encapsulated molecules with similar steric hindrance
and associated clathrate hydrates having pressure-temperature conditions very close).
The methodology is both theoretical (DFT calculations of vibrational energies and
stabilities) and experimental (Raman microspectroscopy, neutron powder diffraction).
The studies were carried out on pure clathrate hydrates based on carbon monoxide on
the one hand, and nitrogen the other hand, as well as the clathrate hydrate of mixed
carbon monoxide-nitrogen. Thus, Raman spectroscopy results have put forward a
preferred encapsulation of molecules of carbon monoxide compared to nitrogen during
the mixed clathrate hydrate formation by ice exposure to different gaseous mixtures CO
/ N2. Nevertheless, neutron powder diffraction data have shown a phase mixture
between structure I (pure CO hydrate is formed in structure I) and structure II (pure N2
hydrate is formed in structure II). These results, in conjonction with DFT calculations,
kinetic formation conditions and recent structural mestatability properties evidenced in
the CO clathrate hydrate phase [4], will be discussed.

[1] Sloan E. D. Jr., Koh C. A., Clathrates Hydrates of Natural Gases, 3nd ed., Marcel Dekker : New York,
2008.
[2] Kumar R. et al., AIChE Journal, 2008, 54, 2132-2144.
[3] Goel N., Journal of Petroleum Science and Engineering, 2006, 51, 169-184.
[4] Zhu J. et al, Nature Communications, 2014, 5, 4128

Multi-particle excitations in superfluid
neutron scattering.

4

He investigated by inelastic
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Liquid 4He is the prime example of a strongly correlated system and neutron
spectroscopy is a unique tool to investigate it. We present new high precision inelastic
neutron scattering data of the dynamic structure factor of superfluid 4He [1].
Measurements performed at very low temperatures on the ILL time-of-flight instrument
IN5-B reveal richer behaviour than that inferred from earlier experiments, in the
intermediate "multi-excitation" region, above the familiar phonon-maxon-roton
spectrum. In order to ascertain than the measured spectra correspond to genuine
multi-excitations, multiple scattering calculation using numerical Monte Carlo
simulations has been done and subtracted from the data. A recent Dynamic Many-Body
Theory [2] allows comparing directly in a broad region, theoretical and experimental
results. All the detailed features predicted by the mode-mode coupling (phonon-phonon,
roton-roton, maxon-roton) theoretical calculation are very well reproduced by the
corrected experimental data [see figure below].

[1] K. Beauvois, C.E. Campbell, J. Dawidowski, B. Fåk, H. Godfrin, E. Krotscheck, H.-J. Lauter, T.
Lichtenegger, J. Ollivier, A. Sultan, In preparation.
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Contribution of X-Ray and Neutron Scattering techniques to the
Characterization of asphaltenic systems
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Heavy oils, considered as an important resource for the renewal of oil reserves,
pose problems of extraction, transportation and refining due to their asphaltene
fraction. Asphaltenes, defined as the most polar and heaviest components of crude oils,
are indeed known to influence strongly the macroscopic properties of the oils like the
viscosity, the wettability, the emulsion stability or the ability to diffuse in nano-porous
catalyst network. From a more fundamental point of view, they give rise to a variety of
interesting behaviours both in solution and at interfaces.
Scattering techniques, X-Ray and neutron, are used here to address the bulk
aggregation behaviour of asphaltene in toluene. Comparison of X-ray and neutron
scattering intensities at large q values gives evidence of a fine structure that has been
solved using the neutron contrast variation method [1]. It consist of core-shell nanodiscs (the core being dense and aromatic and the shell being aliphatic) in line with the
aggregation promoted by π−π interactions of “island” molecules. At larger length scale,
these nano-discs cluster in fractal like aggregates. The masses and sizes of clusters
account quantitatively of asphaltene solution viscosities [2]. At hydotreating processes
temperature, scattering experiments show that the relevant species are the nano-discs
and their measured dimensions helped to design nano-porous catalysts [3].
Beyond this hierarchical aggregation behaviour in bulk phase, asphaltene absorb
at solid/liquid or liquid/liquid interfaces. The interfacial film at water/xylene interface
has been characterized thanks to the contrast matching SANS method [4]. The film
thickness is closely related to asphaltene cluster size in the bulk and a correlation
between film thickness and macroscopic emulsion stability has been established. At
solid liquid interface asphaltene clusters adsorb from stable solution as a monolayer
both on hydrophilic and hydrophobic surfaces. If asphaltene solution is destabilized,
neutron reflectivity allow to observe a multi-layer growth at solid/liquid [5]. Finally, by
coupling neutron reflectivity to a controlled cone-plate shearing cell, the shear limited
multilayer growth has been evidenced [6].
These various examples illustrate the contribution of neutron scattering
techniques to the characterisation of ill-defined nano materials such as asphaltene.
Their use in representative conditions help in process optimisation.
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Cellulose nanocrystals (CNCs) are biobased nanorods that are attracting increasing
attention from both the academic and industrial communities due to their numerous
properties such as renewability, high specific surface area, excellent mechanical
properties, light weight, or non-toxicity. CNCs are thus considered as highly promising
building blocks for the production of high performance biobased composites. In the last
ten years, negatively charged CNCs have been associated with natural or synthetic
polycations or neutral biopolymers within thin multilayered films built by the layer-bylayer assembly technique [1]. In the present study, polymer chains have been replaced
by positively charged inorganic gibbsite nanoplatelets (GN) to form innovative hybrid
nanoparticles based thin films. A combination of advanced structural and
characterization tools were used to probe the relationship between the film architecture
and their mechanical or optical properties.
We have first shown that the architecture of (CNC/GN) films can be tuned over a wide
range by adjusting the physico-chemical parameters such as the aspect ratio of the
CNCs, the ionic strength, or by applying an intermediate drying step between the layers
deposition. For example, thin, dense and very well-defined films or very thick and more
porous multilayers can be obtained in a controllable manner. The detailed internal
structure of the multilayered films has been elucidated by the complementary use of
AFM and neutron reflectivity and the sensitivity of the films to water in the vapor or
liquid forms has been investigated. The mechanical properties of films of various
architectures (elastic modulus) have been measured using the strain-induced elastic
buckling instability for mechanical measurements technique and tentatively related to
the films’ structure. The tunable properties of such hybrid multilayers pave the way to
the design of thin films and coatings for separation membranes or supports for flexible
electronics.

[1] C. Martin and B. Jean Nordic Pulp & Paper Research Journal, 2014, 29, 19-30.

Polyelectrolytes and clay colloids in aqueous environment: beyond the
electrostatic picture in clay flocculation?
Y. Sakhawoth, L. Michot, P. Levitz and N. Malikova
Sorbonne Universités, UPMC-CNRS, Laboratoire PHENIX, Paris, France
Flocculation is a key process in numerous environmental and industrial technologies
[1]. Its optimization relies on understanding the formation and structure of the
aggregates formed. There is a clear need to extend the study of flocculation from
spherical colloids to anisotropic particles such as the ubiquitous clay colloids
(platelets).
We study clay flocculation by ionenes, model cationic polyelectrolytes. Our choice of
ionene polyelectrolytes has been governed by their very simple chemical structure as
well as regular and tuneable backbone charge distribution. However, on the basis on
SANS and NMR data we report upon a number of aspects, which clearly deviate from
the predictions of the scaling theory, based on electrostatic concepts [2,3]. A striking
trend is the gradual disappearance of the well-known polyelectrolyte peak, depending
on the chemical nature of the ionene counterion (halide anions). The degree of this
anomaly is closely related to the Hofmeister series, for which local hydration effects, as
well as dispersion forces between the ions and PE chains play an important role [4]. At
the same time, our SAXS studies of clay flocculation by inorganic salts point also
clearly towards the sensitivity of clay-clay interaction to local effects, such as the
precise position of charge on clay platelets or valence of the flocculating inorganic ions
[5,6]. Clay flocculation by ionene chains add necessarily complexity to the system, as
different conformations on/between the platelets are possible. It is interesting to probe
to what extend local effects can tune the clay flocculation mechanism.
The optimal clay-ionene flocculation conditions we established for two sizes of clay
particles (240nm and 490nm) and 3 ionenes of different charge densities (3,3-; 6,6- and
12,12-ionenes, listed in the order of decreasing charge density). Combining turbidity
measurements and zetametry, we found firstly that optimal flocculation occurs
consistently at a ratio of positive and negative charge between ionenes and clay (c+/c-)
smaller than 1 (between 0.3-0.8), i.e. below the value based on simple electrostatic
considerations. Secondly, optimal flocculation seen via turbidity coincides with a point
of null (0mv) zeta potential as seen by zetametry, for all systems except for 3,3-ionenes.
SAXS data on the flocculated aggregates show characteristic power law exponents of
the scattered intensity between -1 and -3, characteristic of mass fractals. Interestingly,
only certain systems show a clear stacking peak between the clay platelets. This is
strong evidence for face-to-face clay stacking within the aggregates, as seen for clay
flocculation by inorganic salts [6] and contrary to the “house-of-cards” model presented
elsewhere [7]. Future measurements using a stop-flow cell will allow us to follow the
aggregation kinetics and the accompanying change in clay-ionene aggregate density.
[1] B. Bolto and J. Gregory, Water Research (2007), 41, pp. 2301-2324.
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Structure and the Early Stage Kinetic of Polyelectrolyte Complex
Studied by Stopped Flow and Neutron Scattering Techniques
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Polyelectrolyte complexes (PECs) are the association complexes formed between
oppositely charged macromolecules. A large body of work has been devoted to the
preparation, morphology characterizations and performances of PECs. Much less
attention was paid on the microscopic structures and formation kinetics of such
strongly interacting systems, which often occurs under non-equilibrium conditions.
Stopped-flow technique combined with neutron scattering was used to probe the
structure and kinetics in the poly(acrylic acid) (PAA) poly(diallyldimethylammonium
chloride) (PDADMAC) system. Depending on the PEs molar charge ratio z(-/+), two
different neutron scattering curves of the complexes can be observed (Figure 1). At low
charge ratio less than 0.8, scattering varies from pure polyelectrolyte chains but retains
the overall features of the large PDADMAC SANS signature. At higher charge ratio,
polydisperse spherical particles with sharp interface can be evidenced according to the
Porod analysis (I(q)q4). Furthermore, the pure complex coacervate phase shows a mesh
size ζ smaller than the PDADMAC Rg indicating that the polymer chains are indeed
overlapping ( > *).
As for the kinetic aspect, it is found that the complexation kinetics is extremely
fast under all the conditions tested, which show similar scattering curves in the whole
range of observation time. Interestingly, kinetic behavior probed in the low q range
obeys power law.
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Figure 1. (Left)Typical SANS curves of PDADMAC/PAA complexes at various molar
charge ratio Z. The red arrow indicate the polyelectrolyte peak seen for pure
PDADMAC(Z=0). (right) Data fitting at Z=2 (red line). The Porod representation (insert)
highlights the presence of spherical objects around 70 nm in radius as well.

Temperature induced conformational change and hydratation of
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PMAA have been reported a long time ago to form thermoreversible gels which are
obtained at low pH when PMAA stands in its acidic conformation (α~0). This
temperature induced phase separation of concentrated PMAA solutions has been poorly
addressed in literature. Both intermolecular hydrogen bonds between carboxyl groups
on neighboring chains and hydrophobic interactions induced by the methyl group lead
to physical cross-links that are assumed to be responsible for the gelation process.
Rheological measurements on concentrated solutions of PMAA have shown the
formation of a gel while heating, (fig. 2.a). This behavior is associated with a LCST
observed in a simple transmittance experiment using the same temperature ramp of
1°C/min, (fig. 1.a). In order to assess the transition at a nanometric scale, SANS
experiments were carried out on concentrated solutions at a temperature above the
LCST (fig. 1.b). These results were also correlated with 2H NMR relaxation experiments
performed on solvent molecules.
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Figure 1 : (a) 1°C/min temperature ramp of a 100g/l solution of PMAA in deuterated water at pH=3.
(b) SANS curves of a 120 g/l solution of PMAA in deuterated water at pH=3 heating at 60°C.

Contrast-matching gone wrong? A study of polymer conformation in
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The structure of polymer nanocomposites has important consequences on final
properties, like for instance mechanical reinforcement. While the structure of the hard
filler phase is usually characterized by electron microscopy and small-angle X-ray
scattering, the chain conformation can only be measured by small-angle neutron
scattering (SANS). Continuous efforts over the past 15 years have produced a body of
sometimes contradictory, because system-dependent, results, see e.g. [1]. In virtually
all studies, however, a mismatch ruining the polymer form factor at low-angles has
been observed, in spite of careful contrast-matching.
In this study, the conformation of polymer chains in silica-latex-nanocomposites has
been studied under zero-average contrast conditions using SANS. Samples have been
prepared by drying colloidal suspensions of silica and polymer nanoparticles (NPs) for
two different silica NPs (radius of 5 and 15 nm) and two chain molecular weights (17
and 100 kg/mol). By appropriate mixing of hydrogenated and deuterated polymer,
chain scattering contrast is introduced, and in principle silica scattering suppressed.
The silica structure consisting mostly of small fractal aggregates is characterized by
transmission electron microscopy (TEM) and small angle X-ray scattering (SAXS) on the
same samples. The measurement of the chain structure by SANS, however, is
perturbed by unwanted silica contributions, as often reported in the literature. Here,
the contribution of contrast-matched silica is evidenced as a function of system
parameters, namely chain mass, silica size, and volume fraction, and a model
rationalizing these contributions for the first time is proposed. Via a statistical model, a
nanometer-thick polymer shell surrounding silica NPs is shown to create contrast,
which is presumably maintained by the reduced mobility of polymer close to interfaces
or attractive polymer-silica interactions. This shell is proven to be quantitatively
important only for the smallest silica NPs. As a consequence, the pure polymer
scattering can be isolated, and the polymer radius of gyration is found to be
independent of filler content and NP size [2].
[1] A. Botti et al, Polymer, 44, 7505–7512(2003)
[2] A. Banc et al, Macromolecules (2015)
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Hybrid vesicles resulting from the combined self-assembly of amphiphilic
copolymers (P) and phospholipids (L) may integrate the bio-functionality of lipids
with the improved stability and various coupling chemistries of polymers in a
single hybrid vesicular structure [1,2]. Phase diagram is explored by playing on the
composition (P/L ratio), on the polymer architecture (graft copolymer vs. triblock)
and on the hydrophobic block length in order to play with the conformational
constraints of polymers at the L/P boundaries. Small Angle Neutron Scattering
and contrast variation technique offer the unique possibility to study the structure
of these complex mixtures at nanometric scales.
One
grafted
copolymer
of
flexible
poly(dimethylsiloxane) backbone with two
poly(ethylene oxide) pendant moieties (PDMSg-(PEO)2) and several triblock (PEO-b-PDMSb-PEO) have been studied. They are mixed
with deuterated 1,2-dipalmitoyl-sn-glycero-3phosphocholine (DPPCd62). For the grafted
PDMS-g-(PEO)2 copolymer, the curves in
polymer contrast condition did not show the
usual form factor of vesicles. In lipid contrast
a
condition, they did not fit either to the disk
form factor [3]. So, in order to better adjust
the curves of these polymer/lipid vesicles, we
have extended the recent model of holey shell
form factor [4] towards a new model of hybrid
vesicle that will be described (see fig.1a). New
results on mixtures with PEO-b-PDMS-b-PEO
triblock of various PDMS mass studied at
20°C and 46°C to vary the lipid structure
from a L gel to a L fluid state will be
presented (see fig.1b).
b
β

α

Figure 1 a) Hybrid vesicle model. b) PEOPDMS-PEO/DPPC
[1] M. Chemin, P-M. Brun, S. Lecommandoux, O. Sandre, J-F. Le Meins, Soft Matter, 8 (2012)
2867-2874.
[2] J-F. Le Meins, C. Schatz, S. Lecommandoux, O. Sandre, Materials Today, 16 (2013) 397-402.
[3] T. P. Tuyen Dao, F. Fernandes, M. Er-Rafik, R. Salva, M. Schmutz, A. Brûlet, M. Prieto, O.
Sandre, J-F. Le Meins, ACS Macro Letters 4 (2015) 182-186.
[4] L. M. Bergström, S. Skoglund, K. Edwards, J. Eriksson, I. Grillo, Langmuir 30 (2014) 3928.
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Switchable functional molecules producing mechanical work constitute an active focus
in nanotechnologies as they can be used for molecular-based devices and materials.
The dynamic nature of mechanically interlocked molecules allows their components to
undergo relative internal movements. However, the coupling of these components to
transfer controlled motions from the monomer to the macroscopic scale is a challenge.
Using metallosupramolecular polymerization process, we have realized supramolecular
polymer chains that are sufficiently long so that micrometric changes can be measured
upon synchronization of thousands of contractions and extensions. We have
demonstrated the contraction/extension of a single-chain supramolecular polymer
based on a pH-responsive molecular rotaxane showing the synchronization of
thousands of molecular machines [1]. However, further hierarchical organization of
these single-chain polymers into higher-scale structures is required, as myofibrils do
when packed in bundles of muscular fibers.
In this contribution, we report on the structural characterization of two new contractile
supramolecular polymers. Two different approaches have been followed to form
network-like structures similar to the bundles of muscular fibers (Figure 1) [2,3]. In the
first one additional π-π interaction capable side chains have been added to the
monomers resulting in an additional interaction. In the second one, light-driven rotary
motors have been integrated as mechanically active reticulation units. The structural
changes have been investigated using SANS and light scattering. In both the cases, the
curves show evidence of the formation of bundles of polymer chains. In the latter case,
the mesh size of the network is ranging from 3 to 4.5 nm upon contraction, whereas
heterogeneity size decreases from 450 (extended state) to 260 nm (contracted state).

Figure 1 Schematic representation of: a) muscle-like mechanical actuation within a metallosupramolecular [c2] daisy
chain polymer; and b) contractile gel incorporating motor molecules as reticulating units.

[1] G. Du, E. Moulin, N. Jouault, E. Buhler, N. Giuseppone, Angew. Chem. Int. Ed. 2012, 51, 1250412508.
[2] Q. Li, G. Fuks, E. Moulin, M. Maaloum, M. Rawiso, I. Kulic, J. T. Foy, N. Giuseppone, Nature
Nanotech. 2015, 10, 161-165.
[3] A. Goujon, G. Du, E. Moulin, G. Fuks, M. Maaloum, E. Buhler, N. Giuseppone, Angew. Chem. Int. Ed.
2016, 55, 703-707.
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Whereas the glass transition phenomenon of polymers has been widely studied,
considerably less attention has been paid to secondary relaxations in the glassy state.
This is due to the limited number of techniques that allow a direct study of molecular
dynamics at the nanometric lengthscale. The details of the secondary processes are still
a matter of controversy, however some are proved to be directly related to the structural
relaxation, and therefore play an important role in the widely debated physical ageing
process as well.
The interest in using polymeric materials derived from renewable resources has
increased significantly in recent years because of improved environmental aware- ness
[1]. Poly(lactic acid) (PLA) is considered to be one of the most promising renewable
bioplastics, providing a biodegradable alternative to conventional polymers and thus
received much attention recently [2,3]. Its widespread application is strongly limited by
rapid physical ageing (i.e. changes in macroscopic properties with time) at ambient
temperature. Overcoming this problem requires a detailed understanding of the
occurring dynamics in the glassy state.
Here we show that Neutron Spin-Echo (NSE) spectroscopy may offer a powerful mean to
study the glassy state dynamics. In our study, by measuring protonated samples, the
hydrogen self-diffusion dynamics has been explored in a temperature range (193 K 318 K) where the β-relaxation is expected to govern glassy state dynamics. The obtained
incoherent intermediate scattering functions exhibit stretched exponential form and the
Kohlraush-William-Watts (KWW) formula describes the data well. The temperature
dependence of the relaxation time (τself) obeys the Arrhenius law.
[1] B. Imre and B. Pukánszky, Eur. Polym. J. 49 (2013) 1215-1233.
[2] D. Garlotta, J. Polym. Environ. 9 (2001) 63-84.
[3] R. Auras, B. Harte, S. Selke, Macromol. Biosci. 4 (2004) 835- 864.
[4] M. Mierzwa, G. Floudas, J. Dorgan, D. Knauss, J. Wegner, J. Non-Cryst. Solids. 307-310 (2002) 296303.
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Individual-collective crossover driven by particle size in dense
assemblies of superparamagnetic nanoparticles
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Prussian blue analogues (PBA) ferromagnetic nanoparticles CsIxNiII[CrIII(CN)6]z.3(H2O)
embedded in CTA+ matrix [1,2] have been investigated by magnetometry and magnetic
small-angle neutron scattering (SANS). Choosing particles sizes (diameter D = 4.8 and
8.6 nm) well below the single-domain radius [1], we show that the expected
superparamagnetic regime for weakly anisotropic isolated magnetic particles is
drastically affected due to the interplay of surface/volume anisotropies and dipolar
interactions. For the smallest particles (D = 4.8 nm), magnetocrystalline anisotropy is
enhanced by surface spins and drives the system into a regime of ferromagnetically
correlated clusters characterized by a temperature-dependent size correlation length
Lmag which is experimentally accessible using magnetic SANS [3]. For D=8.6 nm
particles, a superparamagnetic regime is recovered in a wide temperature range [3]. We
propose a model of interacting single-domain particles with axial anisotropy that
accounts quantitatively for the observed behaviours in both magnetic regimes. We
argue that the transition from a "single-particle" state to a collective state is driven by
the interplay of the particle size, the surface magnetic anisotropy of the particles and
the large density of nanoparticles made possible by the CTA+ matrix. Quantitatively,
the presence or not of ferromagnetic correlated clusters, revealed by our magnetic SANS
measurements, can be explained using a model of strongly interacting particles in the
presence of a strong surface anisotropy term [4], found much higher in the small
particles, and by the ratio between the particle diameter and the magnetic correlation
length Lmag.
[1] Y. Prado, S. Mazérat, E. Rivière, G. Rogez, A. Gloter, L. Catala, T. Mallah, Adv. Func. Mater. 24 (2014)
5402.
[2] K. Ridier, B. Gillon, G. André, G. Chaboussant, L. Catala, S. Mazérat and T. Mallah, J. Appl. Phys.
118 (2015) 114304.
[3] K. Ridier et al, in preparation.
[4] J. F. Löffler, H.-B. Braun, and W. Wagner, Phys. Rev. Lett. 85 (2000) 1990.
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In this work we present the physical properties of MnV2O6 orthorhombic Pbcn
polycrystalline sample obtained under extreme conditions of high pressure (6.7
GPa) and high temperature. This phase is very interesting for presenting
polymorphism [1] and for belonging to the AB2O6 class, which has low-dimensional
magnetic properties. A negative Curie-Weiss temperature
cw is observed
indicating dominant antiferromagnetic interactions. Orthorhombic MnV2O6
presents a transition to an ordered antiferromagnetic state at TN = 4.7 K. Rietveld
refinements of neutron diffraction data show that magnetic moments are aligned
antiferromagnetically within the zig-zag chains running along the c axis. Unlike
other ANb2O6 type systems crystallizing also in Pbcn space group and presenting
ferromagnetic Ising chains, MnV2O6 exhibits antiferromagnetic + + - - type order
along the chains and no-significant anisotropy [2]. Magnetic structure of MnV2O6
Pbcn is unique among the columbite compounds and is characterized by a
commensurate propagation vector k = (0, 0, ½) and antiferromagnetic chains
running along the c-axis. Specific heat measurements are presented down to 1.8 K
and discussed in the light of magnetic measurements and neutron diffraction data.
We discuss and compare the magnetic properties of MnV2O6 (Pbcn) with that of
isostructural MnNb2O6 and with the MnV2O6 monoclinic polymorph.
[1] Gondrand, M.; Collomb, A.; Joubert, J.C. ; Shannon, R.D. ; J. Solid State Chem. 11 (1974) 1-9.
[2] M. Hneda, J. B. M. da Cunha, M. A. Gusmão, S. R. Oliveira Neto, J. Rodríguez-Carvajal and O.
Isnard, submitted for publication.

Unpaired electron density of YTiO3 studied by the polarized neutron
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Unpaired electron density analysis has been performed on the YTiO3 compound at 5K
using the polarized neutron diffraction technique. The crystal structure of YTiO3 is
GdFeO3-type perovskite structure belonging to orthorhombic Pnma space group. The
sample is ferromagnetic below 30K. In this compound the orbitals of 3d electrons of Ti3+
ions in t2g state are thought to be ordered [1]. The measurements of magnetic structure
factors may have significance for understanding the 3d orbital ordering of this compound.
The experiment was recently performed on the
diffractometer 5c1 at LLB (Saclay, France). A
magnetic field of 5T was applied. According to
SQUID measurements the applied magnetic field
is sufficient at 5K for alignment of the magnetic
moments on titanium regardless of the sample
orientation. To cover larger area of reciprocal
space the measurements with different
orientations of the sample were performed.
The experimental magnetic form factor is
presented on figure 1 (top). We used the
maximum entropy method to retrieve the
density of the unpaired valence electron of the
titanium atoms by inverse Fourier
transformation of the magnetic structure
factors. The section of the density along (y,z)
planes with x=0 and x=0.5 is shown on figure 1
(down). The maximum of density is located at
the titanium position. A multipolar and
spherical refinement was used for description of
the experimental data with software packages
FullProf and mfloppc.
It should be noted that among the indexed
reflections there are low intensity reflections:
(100), (021), (001), which are prohibited by the
symmetry rules of the space group Pnma. The
Fig. 1: the magnetic form factor of YTiO3 (top);
reason of their arising is discussed.

the section of unpaired electron density (in
3
[1] J. Akimitsu, H. Ichikawa, N. Eguchi et. al., Journal µB/Å ) in planes with normal along the direction
(100) (down).
of the Physical Society of Japan, 70 (2001) 3475-3478.
[2] N.N. Kovaleva, A.V. Boris, P. Yordanov et. al.,
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A2BO6 compounds where A is a magnetic trivalent ion like Fe, Cr or V and B is
hexavalent ion like Te or W, crystallize in a non-centro symmetric inverse tri-rutile
structure. This makes them interesting candidates for magnetoelectric properties. [1].
Indeed, in Fe2TeO6, Cr2TeO6, or Cr2WO6, antiferromagnetic orders (at TN = 240, 105 and
80 K, respectively) with magnetic space groups allowing for non-zero magnetoelectric
tensors have been reported [2-4].
The objective of this study is therefore the
investigation of other inverse trirutile phases.
Amongst them, Mn2TeO6 has been reported by Hund [5] and Fruchart et al. [6], but
inconsistencies in their results remain up to now. Neutron powder (WISH@ISIS, UK
and G4.1@LLB, France), synchrotron powder X-ray (MSPD@ALBA, Spain) and electron
diffraction were performed to determine the crystal and magnetic structures of
Mn2TeO6.
Like other inverse trirutile compounds, the high temperature crystal structure is
tetragonal P42/mnm (n°136). Below 673K, however, a phase transition to a monoclinic
phase P121/c1 (n°14) is observed, never reported before in this system. At room
temperature, the diffraction patterns of this monoclinic phase present super-lattice
reflections, attributed to a doubling along b-axis.
Furthermore, the low temperature diffraction study shows that two monoclinic phases
co-exist between 50K and 150K. Below 50K, a single monoclinic structure is again
observed. In agreement with magnetic susceptibility measurements, neutron powder
diffraction clearly shows two magnetic transitions, at 48K and 22K.
Several
propagation vectors are needed to index the magnetic Bragg peaks, and the
understanding of this complex magnetic behaviour is currently in progress.
[1] Hornreich R.M, Solid State Communications.,7 (1969) 1081.
[2] Kunnmann W. et al., J.Phys. Chem. Solids.,29 (1968) 1359.
[3] Montmory M. C. et al., Solid State Communications.,6 (1968)
6317.
[4] Yamaguchi. M. et al., J. Physical Society Japan, 63 (1994) 1666.
[5] Hund F., Naturwissenschaften.,58 (1971) 323 [6] Fruchart D. et al., J. Physique, 41 (1980) 141.
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MnWO4 (mineral name: huebnerite) is well known for its complex magnetic phase
diagram and particularly for its multiferroic (MF) phase AF2 between 7.6 K and 12.7 K
[1]. The magnetoelectric coupling in AF2 could be proved by a weak electric polarisation
of 50-60 µC/cm2 which is measurable only in a helical spin spiral order of Mn2+ in
MnWO4 [2, 3]. Therefore this magnetically induced electric polarisation (ME) has been
widely accepted for the polar character of AF2. However, our recent investigation on a
huebnerite sample clearly indicates that even its paramagnetic structure exhibits the
polar space group P2 [4]. This new finding requests for reconsideration of the generally
accepted centrosymmetric space group P2/c for the nuclear structure of MnWO4. To
understand the influence of spin-orbital interaction on magnetoelectric coupling in this
one of the most interesting multiferroic compounds we have synthesized and
characterized an In/Na-doped solid-solution system, Mn1-2xInxNaxWO4 (0 < x < 0.25)
systematically.
Our recent neutron and X-ray diffraction studies clearly show the polar symmetry P2
for In/Na-doped synthetic MnWO4-type structures. Renninger scans on neutron single
crystal diffractometers (RESI at FRMII; TRICS at PSI) confirmed the presence of h0l (l =
odd) reflections forbidden to P2/c. One of the unique features of this solid solution is an
abnormal lattice expansion by strong distortion around WO6 octahedra surrounded
statistically by MnO6, InO6, or O6 moieties [5]. Nonetheless the basic structure of Indoped MnWO4 holds the usual space group symmetry P2/c. However this basic
structure cannot be preserved when In3+ along with Na+ replace more than 12 % Mn2+,
exhibiting a super structure cell of 2a x b x c. Magnetic susceptibility and specific heat
capacity measurements showed that the multiferroic phase AF2 is stabilized by partial
In-doping whereas the basic antiferromagnetic phase AF1 disappears, so far
investigated above 2 K [6]. At JDN24 in 2016 we present unusual behaviour of MnWO4
along with interesting changes of structural and magnetic ordering in Mn(1-3x)In2x xWO4
and Mn(1-3x)In2xNaxWO4.
[1] G. Lautenschläger , H. Weitzel, T. Vogt, R. Hock, A. Böhm, M. Bonnet, H. Fuess, Phys. Rev. B, 48(9)
(1993) 6087–6098.
[2] A. H. Arkenbout, T. T. M. Palstra, T. Siegrist, T. Kimura, Phys. Rev. B 74 (2006) 184431.
[3] O. Heyer, N. Hollmann, I. Klassen, S. Jodlauk, L. Bohaty, P. Becker, J. A. Mydosh, T. Lorenz, D.
Khomskii, J. Phys.: Condens. Matter 18 (2006) L471–L475.
[4] S.-H. Park, B. Mihailova, B. Pedersen, C. Paulman, D. Behal, U. Gattermann, R. Hochleitner, J. Magn.
Magn. Mater. 394 (2015) 160-172.
[5] U. Gattermann, S.-H. Park, M. Kaliwoda,, J. Solid St. Chem. 219 (2014) 191–200.
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The mysterious association of synchronized and perfectly designed engines of the
nervous system, which manage and control all our senses, is extraordinary complex.
The nervous system is essentially a sophisticated and highly specialized networks made
up of millions of neurons which, through a speed conduction of the nerve impulses
from the brain to the rest of the body, coordinates and controls all actions.
First pioneer neutron scattering experiment in natural brain tissue was performed by
our group in 2011 [1, 2] with the aim of characterizing water dynamical behaviour
within tissue extracted from bovine cerebral hemisphere. Surprisingly findings on
anomalous water diffusion were observed suggesting the coexistence of two water pools
with very different roto-translational characteristic times and diffusion coefficients.
Those pools were interpreted in terms of restricted and free-like water molecules which
cannot be univocally associated to intra- and extra-cellular water compartments. More
recently, in order to get rid of the extreme complexity of cerebral tissue, experiments
were performed on specifically chosen phantoms (vegetables at different water and
fibers contents and water solutions at different sugar concentrations). Preliminary
results on scallion (which has the same water content as the cerebral tissue) suggest
that the coexistence of two distinct water pools is not dependent upon the cellular
complexity, but the characteristics of such pools differ drastically.
[1] F. Natali, C. Dolce, J. Peters, Y. Gerelli, C. Stelletta and G. Leduc. J. Phys. Soc. Jpn, 82 (2013),
SA017.
[2] F. Natali, Y. Gerelli, C. Stelletta, and J. Peters. AIP Conf. Proc. 1518 (2013), 551.

Helium-4 quantum liquid confined in porous media
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Helium in its most abundant 4He isotope is the archetypal quantum fluid under study
by neutron scattering since the dawn of the neutron spectroscopic techniques. Amongst
the specific features of the 4He revealed by inelastic neutron scattering are the welldefined phonon-maxon-roton (PMR) dispersion curve that emerges in the superfluid
phase and the presence of a Bose-Einstein condensate (BEC) accompanying or
responsible of the superfluid phase[1].
The relationship between the BEC and the sharp PMR dispersion curve is however
under debate nowadays. In the initial picture of Landau then Feynman, the PMR modes
are collective density modes of strongly interacting Bose particles. Later on, Bogoliubov,
then Gavoret and Nozières and others proposed that the intriguingly sharp PMR
excitations are intimately related with the BEC.
Confinement in a porous medium is a tool in which to reveal the interdependence
between the superfluidity, the PMR excitations and the BEC. Various confinement
media have been under study going from two-dimensional on perfectly aligned pyrolytic
graphite sheets up to various types of three and one-dimensional confinement media
either with regular pores like MCM-41 or FSM-16 materials or polydispersed cavities
such as the sponge-like Aerogel or Gelsil. On many of these materials the pore or cavity
dimensions can be tuned chemically giving several confiners for the same geometry.
The general picture that can be drawn from confined 4He is that (i) the superfluid
transition temperature Tc (as measured by the torsional oscillator method) is depressed
compared to bulk helium T whereas the PMR excitations persist up to T , (ii) the
solidification pressure is higher in the confined helium than in bulk, (iii) the PMR
excitations are visible, at least at saturated vapour pressure (SVP), for the large pores
systems; the PMR being weaker in intensity and with an intrinsic width probably due to
the disorder or to the confinement for the smaller pores materials, (iv) an additional
excitation emerges at the surface of the medium visible because of the large specific
area of these materials (from several hundred to some thousand square meter per gram
of material), this new excitation is identified as a two-dimensional PMR mode in the
layered helium.
Our recent measurements in the filled FSM-16 (28 Å pore diameter) medium at SVP
qualitatively resemble those made in MCM-41 (47 Å) with a transfer of the PMR
intensity to a normal liquid excitation while increasing the temperature[2] but show,
however, a more complex picture than in the MCM-41 simpler case because of a
stronger confinement.
[1] H. R. Glyde, Excitations in Liquid and Solid Helium (Oxford University Press, Oxford) 1994.
[2] J. Bossy et al. Eur. Phys. Lett., 98 (2012) 56008.
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A.C. Lopes Selvati 1,2, A. Belhboub 2, R. Aznar 2, S. Campidelli 3, M. Jimenez Ruiz 1,L.
Alvarez 2, R. Le Parc 2, S. Rols 1 and J.-L. Bantignies 2
1 Institut Laue-Langevin, 71 avenue des Martyrs - CS 20156, 38042 Grenoble
2 Laboratoire Charles Coulomb, Université de Montpellier - CC069, 34095 Montpellier
3 CEA, IRAMIS, Laboratoire d'Electronique Moléculaire, SPEC, Saclay, 91191 Gif sur
Yvette
Due to their hollow space, nanotubes (NT) can host molecules giving rise to new hybrid
molecule@NT systems. A possible class of molecules that can be hosted by nanotubes
are π-conjugated oligomers which are attractive due to their electronic and
optoelectronic properties[3]. Its drawback are brittleness and low electric
conductivity[2]. Encapsulation of dimethyl-quaterthiophene (4TCH3) inside SWCNTs[3]
gives rise to a hybrid material, expected to combine the protection of the confining
matrix to the photo-physical properties of the encapsulated unit. This hybrid material
will be referred hereafter as 4TCH3@NTφ, (where φ is the nanotube diameter in Å). The
first recent experimental study, based on Raman spectroscopy, brought the proof that
the number of encapsulated molecules depend on the size of the confining matrix[4].
Some influence of the diameter of the nanotube on the confinement state of the
molecule as well as their interaction with the nanotube is expected. Inelastic neutron
scattering, mostly sensitive to the confined molecule, due to the strong cross-section of
hydrogen atoms, probes wide Q vector range, which is a very interesting tool in order to
obtain a complete picture of the vibrational properties of such system.
We are interested on the confinement properties of two hybrid systems: 4TCH3@NT09
and 4TCH3@NT14. Those materials were studied by means of inelastic neutron
scattering (INS) at two instruments at the Institute Laue-Langevin, time-of-flight IN4c
and Triple Axis IN1-Lagrange spectrometers. The resulting experimental HPDOS can be
compared to the DFT-simulated HPDOS, allowing thus the assignment of main
vibrational modes. We show that specific vibrational modes undergo to modifications
upon a change of the size of the confining matrix, evidencing the influence of
encapsulation in such molecules.
[1] Raman Spectroscopy of Short-Lived Terthiophene Radical Cations Generated by Photochemical and
Chemical Oxidation, T. M. Clarke et al, European Journal of Chemical Physics and Physical Chemistry 7
(2006) 1276–1285
[2] Effect of carbonitrile and hexyloxy substituents on alternated copolymer of polythiophene–
Performances in photovoltaic cells, S. Berson et al, Solar Energy Materials and Solar Cells 94 (2010) 699708
[3] Single-shell carbon nanotubes of 1-nm diameter, S. Iijima et al, Nature, 363 (1993), 603 - 605
[4] New Insigths on Photo-Active Molecules Within Host Carbon Nanotubes, L. Alvarez et al, Journal of
Nanoelectronics and Optoelectronics 8 (2013) 28-38

Effect of carbon nanoparticle loading on the mechanical and
thermoresponsive properties of PNIPA based hydrogels
B. Berke 1,2, O. Czakkel 1, Lionel Porcar1, Erik Geissler3 and K. László 2
1 Institut Laue-Langevin, CS 20156, F – 38042 Grenoble Cedex 9, France
2 Department of Physical Chemistry and Material Science, Budapest University of
Technology and Economics, 1521 Budapest, Hungary
3 Laboratoire Interdisciplinaire de Physique, CNRS and Université Grenoble Alpes, 38000
Grenoble, France
Thermoresponsive hydrogels have enormous potential as e.g., sensors, actuators,
pollution control remedies or in drug delivery systems. However their application is
often restricted by physical limitations (e.g., poor mechanical strength, uncontrolled
thermal response). These challenges can be conceivably overcome by preparing
composite hydrogels [1, 2]. Carbon nanoparticles (CNPs), owing to their outstanding
mechanical and conductive proper-ties, unique structure, and low density, are among
the most common fillers. Carbon nanotubes (CNTs) and members of the graphene
family, especially graphene oxide (GO), are in the focus of interest.
The incorporation of CNPs gives visible or near infrared light sensitivity to the systems,
which enhances their potential e.g. as NIR controlled microvalves, artificial muscles or
actuators. Potential applications are numerous, but the detailed properties of graphenebased composites remain to be explored, especially on the microscopic lengthscale.
Here we present a systematic study of the structure and dynamics of GO and CNT poly(N-isopropyl acrylamide) (PNIPA) composite systems. Combination of macroscopic
(stress-strain and swelling, temperature sensitivity) and microscopic (differential
scanning microcalorimetry, small angle neutron scattering and neutron spin-echo
spectroscopy, NSE) investigations reveal that incorporation of GO changes the
architecture of the polymer gel resulting from the build-up of an interpenetrating GO
network in which the polymer network is attached through chain nucleation at the
surface of the GO. CNT clusters however could only form weaker, secondary bonds with
the polymer matrix. Our results show as well that whereas the mobility of the polymer
chains in the swollen state is practically unaffected, the macroscopic deswelling
properties of the composites are strongly modified by the CNPs, which gives rise to
controlling the thermal response of the composites by the quality and quantity of the
CNP content [3,4].
[1] P. Schexnailder and G. Schmidt, Colloid Polym. Sci., 287 (2009) 1–11
[2] K. Haraguchi, Curr. Opin. Solid State Mater. Sci., 11 (2007) 47–54
[3] B. Berke, O. Czakkel, L. Porcar, E. Geissler, K. László: Static and dynamic behaviour of responsive
graphene oxide - poly (N-isopropyl acrylamide) composite gels. Submitted
[4] E. Manek, B. Berke, N. Miklósi, M. Sajbán, A. Domán, T. Fukuda, O. Czakkel, K. László: Thermal
sensitivity of carbon nanotube and graphene oxide containing responsive hydrogel composites. Express
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Sorbonne Universités, UPMC Université Paris 06, CNRS, Laboratoire PHENIX, Case
51, 4 place Jussieu, F-75005 Paris, France
2 Laboratoire Léon Brillouin CEA-CNRS, Saclay 91191 Gif-sur-Yvette Cedex, France
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In this project the characterisation of porous alumina membranes by neutron
spectroscopy is presented. Porous alumina membranes were synthesized by
electrochemical anodization in oxalic and sulfuric acid at a concentration of 0.3M and
under the applied voltage of 20V and 40V. The membranes consist of channels with
pore diameters in the nanometer scale, suitable for bearing polyelectrolyte chains in
confined conditions. The effect of post treatments such as wet chemical etching or
thermal annealing on the geometrical characteristics and composition of the
nanoporous alumina is examined by Small-Angle Neutron Scattering (SANS) using the
contrast variation (Fig. 1, right) and neutron imaging in combination with other
techniques such as scanning electron microscopy (SEM, Fig. 1, left), energy dispersive
x-ray spectroscopy (EDX), X ray diffraction (XRD) and Fourier Transform Infrared
Spectroscopy (FTIR).

Figure 1. Left: SEM image of nanoporous alumina membrane chemically etched with
phosphoric acid during 50 min. Right: SANS spectra of the same alumina membrane under
different contrast conditions with solvent mixtures consisting of D2O and H2O: 60% (red), 73.2%
(green) and 80% (black) D2O.

Playing with contrast variation in soft matter:
studies

beyond classical

F. Cousin1
1 Laboratoire Léon Brillouin, CEA Saclay, 91191 Gif sur Yvette, France
The possibility to play with contrast by a clever choice of the Scattering Length
Densities (SLD) of components has been the cornerstone of the success of structural
studies in Soft Matter by neutron scattering methods (SANS or reflectometry) for
decades. Such “contrast variations” methods are usually declined with two
philosophies: (i) to create some contrasts in binary systems where it does not exist, e g
by deuteration, for instance in polymer melts or (ii) to adjust the contrast of a
component of a ternary system to those of another in order to “match” it, simplifying it
to a two-components system from neutron point of view.
Although very efficient, such contrast variations are usually restricted to systems
containing at maximum 3 components. Here, I will show that it can be extended to
probe the structure of a given species in a 4-components system when it is craftily
designed with respect to the neutrons contrast, with three of the components having a
close SLD, very different from those of the component to be characterized. This will be
illustrated through two examples representative of soft matter systems : (i) the
localization of counter-ions in complexes of proteins and polyelectrolyte of opposite
charges in aqueous solution [1]; (ii) and the determination of the conformation of
polymeric chains in nanocomposite made of polymeric melts reinforced by
nanoparticles, grafted or not by a polymeric shell [2][3].
Finally, if time permits, I will show how contrast variation could be smartly used in
complex architecture such as emulsions [4] or foams [5].
[1] J.Gummel, F.Cousin, F.Boué, J. Am. Chem. Soc., 129(18) (2007), pp 5806-5807.
[2] A.-S. Robbes, F. Cousin, F. Meneau, F. Dalmas, R. Schweins, D. Gigmes, J. Jestin, Macromolecules,
45 (2012), pp 9220 9231.
[3] A.-S. Robbes, J. Jestin, F. Meneau, F. Cousin, submitted.
[4] F. Cherhal, F. Cousin, I. Capron, Biomacromolecules, 17(2) (2016), pp 496–502.
[5] L. Zhang, A. Mikhailovskaya1, P. Yazhgur, F. Muller, F. Cousin, D. Langevin, N. Wang, A. Salonen,
Angewandte Chemie Int. Ed, 127(33) (2015), pp 9669–9672

Study of the formation of polygalacturonate gels in the presence of
ferrous iron by Small Angle Neutron Scattering
A. Maire du Poset1,2, A. Assifaoui1, A. Lerbret1 and F. Cousin2
1 Equipe PAPC, UMR 02 102 PAM, AgroSup Dijon, Université de Bourgogne Franche
Comté, Dijon, France
2 Laboratoire Léon Brillouin, UMR 12, CEA CNRS, Gif Sur Yvette, France
Polygalacturonate, a linear anionic polysaccharide, is the main component of pectins,
which are broadly used in pharmaceutical and food industries and are well known to
form hydrogels when interacting with divalent cations [1]. The aim of our study is to
encapsulate iron (II) in polygalactoronate gels in order to protect it against oxidation.
The structural changes of Fe2+-polygalacturonate gels ([PolyGal]=20g/L) were studied as
a function of iron concentration [0 – 250 mM] and gelation time (from 5 min to 24 h).
For high concentrations of iron and long times of gelation, two parts were
macroscopically observed in the gels. They were referred to as “up” for the one close to
the dialysis membrane and “down” for the one close to the other extremity of the gel
(Figure 1). For these two parts, small angle neutron scattering (SANS) measurements
were performed in order to follow the homogeneity and the mesh size of the gel network.
At a fixed gelation time (6 h), the scattered intensity increased until a threshold
concentration of iron indicating the existence of significant heterogeneities upon the gel
formation Above this concentration, the scattered intensity decreased slowly for the
“up” part of the gel and abruptly for the “down” part of the gel. In addition, the
structure of the “down” part seems to be similar to that of the polyGal solution, thereby
suggesting that only few crosslinks have been formed [2]In the “up” part of the gel, the
increase of the scattered intensity could be attributed to crosslinks and the first step
described by Fang et al. [3] ,while the decrease of the scattered intensity may reveal a
structural reorganization from a heterogeneous gel network at low iron concentrations
to a more homogeneous one above the iron threshold concentration. To complete this
study, molecular dynamics (MD) simulations will be performed to confirm our
hypothesis. Furthermore, X-ray absorption spectroscopy (XAS) measurements will be
done to determine the iron oxidation state inside the gels.

Figure 1: Scheme of the gelation protocol
[1] Braccini and Pérez, Biomacromolecules, 2(4) (2001), 1089-1096
[2] Assifaoui, Lerbret, Uyen, Neiers, Chambin, Loupiac and Cousin, Softmatter, 11(3) (2015), 551-560
[3] Fang, Al-Assaf, Phillips, Nishinari, Funami, Williams and Li, J. Phys, Chem, B, 111 (2007), 2456-2462
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