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A clear future for the LLB
Summary of the last events

In September 2004, the Minister of Research, Mr
F. d’Aubert asked the Director-General of the
CNRS, Mr B. Larrouturou, and the Chief Executive
Officer of the CEA, Mr A. Bugat, to keep the
French neutron source Orphée-LLB operational.
In October 2004, an extraordinary steering
committee of the LLB consequently asked the
CEA-department in charge of Orphée to take the
measures required for a return to “normal” working
conditions, namely 180 neutron days per year.
In January 2005, the annual steering committee of
the LLB, approved these conditions for 2006.
At the same steering committee Dr Philippe
Mangin, Professor at Nancy (Ecole des Mines,
Institut National Polytechnique de Lorraine), has
been nominated Director of the LLB, replacing
Pierre Monceau, who is now back at CRTBT
(Grenoble). Michel Alba will remain as Deputy-
Director until the end of 2005.
An official ceremony organised by Mr Y. Caristan,
Director of CEA-DSM, was held in Saclay on
February 14th in the presence of Mr B. Bigot, High
Commissioner for Atomic Energy, Mr J.-P. Le
Roux, Deputy-Chief Executive Officer of the CEA,
Mrs M. Lannoo, M. Ledoux, M. Spiro, A. Fontaine,
Scientific Directors of the CNRS, and in the
presence of Alain Menand and Danièle Hulin of the
Ministry for Research. At this ceremony it was
officially announced that Orphée will start working
under “normal” conditions in the second week of
February 2006.

Figure 1: LLB 14/02/2005 : (from left to right)
P. Monceau, former Director of the LLB;
J.P. Le Roux, Deputy-Chief Executive Officer of the CEA;
B. Bigot, High Commissioner for Atomic Energy;
M. Lannoo, Director of SPM at the CNRS ;
A. Fontaine, Deputy-Director of SPM at the CNRS;
P. Mangin, new LLB Director.

This figure combines two pictures.

Photo-induced molecular
switching studied by neutron

diffraction
The design of molecules that could be utilised for
information storage is one of the main challenges in
molecular material science and optical switching is
one of the most intense areas of interest in memory
molecules. Polarized neutron diffraction (PND) was
used for the first time to investigate the photo-
magnetic properties of photoswitchable inorganic
molecular solids. Spin crossover compounds
containing an octahedrally coordinated Fe2+ ion
present a low spin diamagnetic (S = 0) ground state
which can be switched, under light illumination
with a suitable light wavelength, to a high spin
paramagnetic (S = 2) metastable state having an
extremely long lifetime at low temperatures. A new
experimental setup, allowing for both in-situ light
illumination and PND measurements, has been
developed on the 5C1 diffractometer and tested on
the well known [Fe(ptz)6](BF4)2 (ptz = 1-
propyltetrazole) spin crossover compound. The
photo-excitation kinetics was followed by PND,
which evidenced a complete photo-process. The
first magnetisation density map in a photo-induced
magnetic state has been obtained at 2K using a laser
beam with 473 nm. The spin delocalisation from
the FeII ion towards its first neighbours in the
excited state can be observed in Figure 2.

Figure  2: Photoinduced magnetisation density in the excited
magnetic state S = 2 of the [FeII(ptz)6](BF4)2 complex at 2K
under a field of  5 Tesla,  in projection along the c axis.

Such investigations are being now extended to
charge transfer photo-magnetic compounds, where
the switching involves two different transition
metal ions. The visualisation of the magnetisation
density maps in the ground state and in the excited
state should permit to give a direct evidence of the
charge transfer process between two atomic sites.

Reference:
A. Goujon, B. Gillon, A. Gukasov, J. Jeftic,
Q. Nau, E. Codjovi, F. Varret, Phys. Rev. B 67
(2003) 220401(R)
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Two-dimensional geometry of spin
excitations in the high-transition-

temperature superconductor
YBa2Cu3O6+x

The fundamental building block of the copper oxide
superconductors is a Cu4O4 square plaquette. In
most of these materials, the plaquettes are slightly
distorted and form a rectangular lattice (making a
difference between the axes a and b).
An influential theory predicts that high-temperature
superconductivity is nucleated in “stripes” aligned
along one of the axes of this lattice.  This theory
had received strong support from experiments that
appeared to indicate a one-dimensional character of
the magnetic excitations in the high temperature
superconductor YBa2Cu3O6.6.
Here we report neutron scattering data on “un-
twinned” YBa2Cu3O6+x crystals (x=0.85 and x=0.6),
in which the orientation of the rectangular lattice is
maintained throughout the entire volume. Contrary
to the earlier claim, we demonstrate that the
geometry of the magnetic fluctuations is basically
two-dimensional as the incommensurate magnetic
fluctuations occur along both directions a* and b*
(see figure). However,  the data reveal that the two-
dimensional dispersive magnetic fluctuations
exhibit an energy-dependent one-dimensional width
and amplitude anisotropy.
Rigid stripe arrays therefore appear to be ruled out
over a wide range of doping levels in YBa2Cu3O6+x,
but the data may be consistent with liquid-
crystalline stripe order. The debate about stripe
theories of high-temperature superconductivity has
thus been reopened.  In the future, it will be
strongly constrained by detailed information about
the in-plane anisotropy of the magnetic fluctuations
revealed by our experiments.

Figure 3: Constant-energy scans at 35 meV along a* and b* on
the 2T triple-axis (LLB) in YBa2Cu3O6.85. The wave vector Q
= (H, K, 1.7) is given in reciprocal lattice units (r.l.u.). We show
subtractions of the intensities at T = 10 K (<<TC) and T = 100 K
(>TC). The observed anisotropy between a* and b* is not due to
resolution effects.

Reference:
V. Hinkov, S. Pailhès, et al.  Nature 430 (2004) 650-653
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Monitoring Controlled Radical
Polymerization from Silica
Nanoparticles using SANS

Grafting polymers onto nanoparticles in order to
elaborate organic/inorganic nanocomposites has
experienced an increasing interest in the last
decade. In the present work, we aim at the
improvement of the mechanical properties by the
inclusion of nano-fillers (silica nanoparticles) in a
polymer matrix. Here the grafting of polymer
chains onto the particles by Atom Transfer Radical
Polymerization serves to improve the compatibility
between the particles (silica surface is hydrophilic)
and the polymer matrix (generally hydrophobic).
At LLB, a chemistry group has performed the
polymerization directly from the silica particles
surface, studied the kinetics of the reaction and
verified the molecular weight control. Small Angle
Neutron Scattering (SANS) is an efficient tool to
study the structure and colloidal stability through
the different reaction steps. This technique is
particularly appropriate for such systems because of
the attainable length scales and of the possibility to
highlight either the silica, or the chains, using
contrast matching.
Measuring the spatial distribution of silica beads by
SANS during the polymerization procedure gives
an understanding of the dispersion (cf. Fig. 1).
There is a first aggregation stage induced by the
mixing of the reactants, then particles disaggregate
again, probably because of the repulsion between
the grafted polymer layers.
Looking at polymer spatial distribution reveals the
growth of a polymer layer. These observations have
permitted us to improve the synthetic conditions to
get a better dispersion of the particles and a better
control of the polymerization process. The next
important step of this work is to study the
mechanical properties of these hybrid nanoparticles
once incorporated in a polymer matrix.
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Figure 4a-/left/ Scattered signal from silica only (polymer
matching) at 3 different times of polymerisation. 4b-/right/
Scattered intensity by hydrogenated styrene grafted on
nanoparticles in silica matching conditions at different stages of
the polymerization.
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