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Influence of trehalose on the
dynamics of a protein

Trehalose is a well-known disaccharide that shows
in nature astonishing bioprotecting properties. It is
produced by organisms such as plants, spores or
fungi that are able to survive hostile external
conditions such as extreme temperatures or periods
of drought.
Despite several scientific activities in this field, the
protective mechanism at the atomic scale remains
unclear. There are two main models: one predicts
direct interactions between the trehalose and the
biomaterial while the second one favours a
protective mechanism by the formation of a glassy
trehalose structure around the biomaterial. We
studied a model system with regard to these
models.

The C-phycocaynin (CPC) is a globular protein
extracted from cyanobacteria. We studied the
dynamics of this protein and the influence of the
presence of trehalose on this dynamics. Using
hydrated trehalose coated protein powder samples,
we investigate localised internal motions, namely
backbone and side-chain movements of the protein.
Neutron scattering techniques allows to follow, in
the temporal range from ps to ns, the dynamics of a
protonated protein, while contributions from the
sugar and the water are hidden by deuteration
techniques.

The figure presents the intermediate scattering
function, measured on the neutron spin-echo
spectrometer MUSES.

 This function is characteristic of a slowing do wn
of the protein motions due to the presence of
trehalose. In effect, it can be described in terms of a
stretched exponential with a relaxation time of
110 ps, while the relaxation time for a hydrated
protein has been found to be two orders of
magnitude faster. The analysis of the geometry of
the motions did not seem to be influenced by the
presence of the trehalose molecules. The results
favour the model of the formation of a glassy
trehalose state around the protein molecule. So, the
solvent viscosity is reduced and the protein
dynamics slowed down.

Contact : M.C. Bellissent

Magnetic excitations in
MnTe/ZnTe superlattices

The improvement obtained on the triple-axis
spectrometer 2T1 by increasing the size of the
incident neutron beam has extended the field of
achievable measurements on small samples. After
the determination of the spin-wave spectrum of a
Zinc-blende structure MnTe on a 6 µm thick MBE-
grown sample, we have started a study of
MnTe(n1)/ZnTe(n2) superlattices, where n1 and n2
are the number of monolayers of a species. The
distance between monolayers is about 3.15 Å.
Several samples of ~1 µm thickness have been
studied: with n1=15 and n2=3,4,5, with n1=20 and
n2=4,6,8,10, and finally a sample with n1=7 and
n2=18. In all samples at low temperature the layers
of MnTe become antiferromagnetic of type III.
 Surprisingly, a long rang coherence (~ 800 Å) in
the direction perpendicular to the layer planes is
still observed with a non-magnetic spacer width of
~ 20 Å. The mechanism of such a coherence is not
understood. The magnetism of Mn++ is that of an
insulator with a moment of nearly 5 µB and no long
distance magnetic interaction is expected. On the
other hand such an effect can hardly be ascribed to
Mn ions diffusion  in the non-magnetic layer.
We have measured the spin wave spectra of
MnTe(15)/ZnTe(5) and MnTe(20)/ZnTe(6) and
compared them with that of bulk MnTe. The
spectra are quite similar and no strong damping of
the magnetic excitations is observed, even in the q
range corresponding to the size of a bilayer
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MnTe+ZnTe, where a satellite peak is observed in
the elastic scattering. This means that the spin
waves propagate through the superlattice as in a
coherent medium, preserving their phases on both
sides of a non-magnetic layer. A plausible
explanation of such a behaviour could reside in a
coupling between lattice and magnetic properties,
but the details of such a coupling are still to be
worked out.
The study of MnTe(7)/ZnTe(18) is of a different
nature. Because of the very large non-magnetic
layer, there is no more coherence between MnTe
layers, which anyhow are still AF below ~ 50 K. In
such a situation, quantum effects are expected, due
to the small thickness of the magnetic layer (~20
Å), such as spin-wave confinement.

A feasibility test has been achieved and the result is
displayed on Fig. 1, together with similar
measurements in the bulk MnTe and the
MnTe(20)/ZnTe(6) superlattice. The scattered
intensity has been measured at   Q= (1,0,0), which
is a zone boundary common to in-plane [100] and
out-of-plane  [001] directions and where a spin-
wave signal is expected in any case

Figure 1:   Comparison of intensities (counting time ~20
minutes per step) scattered by bulk MnTe (? )
(MnTe(20)/ZnTe(6) (T ), MnTe(7)/ZnTe(18) (l). The
reported background (+) has been measured on the last
sample, after a sample rotation to get a Q value of equal
modulus where no inelastic scattering was expected.

 A signal of about 2.5 counts/minute is indeed
observed, even though the total thickness of the
magnetic layers is ~3500 Å and the surface ~4 cm2.
Hence we may expect to get significant results at
other Q values in a realistic beam time allocation.
Increasing the sample volume is of course possible
by adding several equivalent sample surfaces, but
MBE-grown samples of very good quality are not
very easy to get.

These measurements give an idea of what is
achievable on small samples in favourable cases,
which means large enough magnetic moments and
no interference with the substrate excitations.

Contact : B. Hennion

Structure and Rheology of a
Nanomaterial

Recent progress in the Small
Angle Group has been made by
taking advantage of an original
synthesis of elastomers reinforced
by nanoscopic silica particles.
Samples are obtained by solvent
evaporation and subsequent film
formation from binary colloidal
suspension of silica and latex
beads, with controlled physico-
chemical conditions in solution.
We have studied the structure of
the silica beads in the resulting
filled latex films by means of
Small Angle
Neutron Scattering (SANS), and a
wide range of situations leading to
drastically different spectra has
been analysed in terms of fractal
dimension of aggregates and the
average aggregation number Nagg.

Figure 2:  deformation mechanism

A detailed investigation of the dependence of Nagg
on the silica concentration, the salt content, and the
pH in solution has been published recently.
In parallel, we have performed rheological
experiments in order to quantify the mechanical
reinforcement effect due to the silica. Although
some mysteries remain for future work, a clear
correlation between the reinforcement factor (i.e.,
the relative increase of the stress due to the silica)
and Nagg could be established. At present, we focus
on the structural changes induced by large strains.
This can easily be done by SANS, which allows for
non-destructive in situ  measurements in deformed
specimen. An example of an anisotropic spectrum
measured on the small angle spectrometer PAXY
(13Å, 6.74m) is shown in Figure 3.

Figure 3:   PAXY, film stretched by a factor of 2.4
in vertical direction
We have shown by numerical simulations that the
mechanism of mutually avoiding beads, which is
illustrated in Figure 2, is a possible explanation for
the observed four-spot spectrum.
Contact : J. Oberdisse



New opportunities at the LLB
strain scanner "DIANE".

Internal and residual stresses in materials have a
considerable effect on material properties, including
fatigue resistance, fracture toughness and strength.
Neutron diffraction provides a powerful non-
destructive tool for stress analysis deep within a
crystalline material. In this way, it doesn’t need
specimen preparation and samples with
cumbersome geometry can be studied if they can be
installed on the diffractometer. In order to be able
to face the industry requirement in measuring real
components, we have to tackle now two different
challenges.
The first one is the ability in measuring large full-
scale parts like turbine blades, railway wheels,
automotive or aircraft elements. For this sake, we
will install beginning of 2003 a new sample line
having the capacity in supporting very big loads, up
to 500 Kg in weight, and equipped with X-Y-Z
translation stages with travels larger than 200mm in
all directions. This corresponds to a load increase
on "DIANE" by more than a factor 10.
The second one is the ability in measuring materials
with poor crystalline structure as texture or large
grains. On these specimens the complete stress
tensor determination is necessary. To improve our
understanding of strain release between the various
grains and orientations in the sample, we have
started a development program that will be based
on measurements done on test samples mounted on
a new X-Y-Z translation stage set in the centre of
our Eulerian cradle. It will enable us to measure the
diffraction lines of the different grains within the
sample. This new equipment is available on the
diffractometer for all the proposals that will be
made in this session.
We are confident that with these two new
developments, more industrial issues will be solved
using the neutron strain scanning technique.

Contact : M. Ceretti

A new interpretation of the CO
state in half-doped manganites:
the ordering of Zener polarons.

The calcium-doped manganites R1-xCaxMnO3

(x~0.5) (R: rare-earth) are known to display a
structural phase transition at TCO attributed to
charge and orbital orderings (CO/OO), because it is
associated with a jump in the resistivity and to the
onset of superstructure reflections in the low
temperature (LT) phase. Moreover, they display a
complex spin ordering at a temperature TN < TCO.
This can be understood by using the semi-empirical
Goodenough-Kanamori-Anderson (GKA) rules for
the superexchange interactions, applied to a model
of orbital ordering of the Mn3+ dz2 orbitals in the (a,
b) plane, proposed in the late fifties by
Goodenough [1, 2]. The fact that Goodenough's
model (GM) suggests a charge ordered pattern of
Mn3+ and Mn4+ ions, has promoted the idea that the
magneto-transport properties of these compounds
are strongly influenced by dynamic CO/OO driven
by the combined effect of Coulomb repulsion and
Jahn-Teller distortion around the Mn3+ sites. It is
expected that CO will result in the setting up of
MnO6 octahedra of different average Mn-O
distances (〈dMn-O〉). The experimental determination
of these displacements has been attempted on
La1/2Ca1/2MnO3 using neutron and synchrotron
powder diffraction [3] leading to the pattern shown
in Fig. 5(left).
We have performed a neutron diffraction
experiment on a single crystal of Pr0.6Ca0.4MnO3 [4]
that has provided a quite different picture of the
displacement pattern (Fig. 5(right)). Instead of the
distortion pattern expected for the OO/CO picture
the two non-equivalent MnO6 octahedra have
similar 〈dMn-O〉. There is also an off-centering of the
Mn ions resulting from the loss of the inversion
center at the Mn sites. These structural details are
inconsistent with the picture of Mn3+/Mn4+ charge
ordering. The persistence of a mixed valence state
of Mn atoms in the LT phase is confirmed by the
very similar 〈dMn-O〉 on the two sites. This result is
totally consistent with XANES studies that have
already mentioned a unique mixed valence state
displayed by half-doped manganites across the
transition [5].
The analysis of the atom displacements indicates
that the Mn1-O3-Mn2 angle is the most opened
angle in the LT structure. The elongation of the
octahedra further suggests that one electron is
shared by the Mn1(eg)-O3(2p)-Mn2(eg) units,
keeping the intermediate valence of both Mn atoms.
This suggests that these Mn1-Mn2 pairs are coupled
via a local double exchange (DE) process mediated
by the O3 oxygen. This corresponds to the image of
a Zener polaron. Hence, the electronic localization
below TCO in these compounds, can be explained by
the reduction of the electronic mean free path with
the partial localization of the electrons beyond the
atomic limit. This interpretation of the structural
distortions suggests the appearance, below TCO, of
ordered Mn1-O3-Mn2 molecular objects (Zener



polarons) with ferromagnetically coupled Mn
moments (see Fig.4) . This hypothesis gives also a
clue to interpret the anomaly in the magnetic
susceptibility observed at the supposedly purely
structural transition for samples that remain in a
paramagnetic state below TCO [4]. The formation of
Zener polarons leads to new elemental
paramagnetic units with a higher effective moment.
References:
[1] J. B. Goodenough, Phys. Rev. 100, 564 (1955).
[2] E. O. Wollan et al., Phys. Rev. 100, 545 (1955).
[3] P. Radaelli et al., Phys. Rev. B55, 3015 (1997).
[4] M. Daoud-Aladine et al., Phys. Rev. Lett. (in
press).
[5] J. García et al., J. Phys.: Cond. Matt. 13, 3243
(2001).
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P21nm

l

l

l
l

l
l

l

l

l

ll

l

s
s

s

s

s

s

s

s

s
s

s

s
Mn1

Mn2

2b

l s

l
l

s

s
ss

s

s

l

s

l

l

l

l

l

ar

b
r

P1121/m
Non-centrosymmetric space group

All octahedra are elongated
All manganese are off-centered

Structural model of 
Mn3+/Mn4+ charge ordering

Result of the refinement:
A new structural model

The observed distortions suggest 
an Mn-Mn dimerization

l= long Mn-O distance 
s= short Mn-O distance 

P21nm

l

l

l
l

l
l

l

l

l

ll

l

s
s

s

s

s

s

s

s

s
s

s

s
Mn1

Mn2

P21nm

l

l

l
l

l
l

l

l

l

ll

l

s
s

s

s

s

s

s

s

s
s

s

s
Mn1

Mn2

2b

l s

l
l

s

s
ss

s

s

l

s

l

l

l

l

l

ar

b
r

P1121/m

l s

l
l

s

s
ss

s

s

l

s

l

l

l

l

l

ar

b
r

ar

b
r

P1121/m
Non-centrosymmetric space group

All octahedra are elongated
All manganese are off-centered

Structural model of 
Mn3+/Mn4+ charge ordering

Result of the refinement:
A new structural model

The observed distortions suggest 
an Mn-Mn dimerization

The observed distortions suggest 
an Mn-Mn dimerization

l= long Mn-O distance 
s= short Mn-O distance 

Figure 5 :  (left) Schematic atomic displacements of the conventional Mn3+/Mn4+

model for the CO in half doped manganites with respect to the high temperature
phase, (right) experimentally determined pattern of atomic displacement. The
amplitude of displacements represented by arrows is exaggerated for clarity.
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Figure 4: Schematic image of a Zener polaron


