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On June 24th 2009, the ICMPE hosted in its campus at Thiais the meeting "CNRS Innovation in Val de Marne”. This event
organized in conjunction with the Department of Industrial Policy of CNRS and the Service of
Partnership and Valorisation of the Delegation Ile-de-France East aims to create a space for exchange
between SME’s, companies and research laboratories. For this purpose, with the support of OSEO
Innovation and various structures from Val-de-Marne involved in business development, many managers
of SMEs in the region Francilienne were invited to this meeting. The event began with general
interventions on the theme of industrial policy of the CNRS in valorisation by Marc Ledoux, intellectual
property and means of financing of innovation projects and partnerships by Mohamed Hoummady.
Patrick Hemery, head of the Institute, gave an overview of the ICMPE activities and, according to the
scientific project of the Institute, theme leaders made a presentation for the four research axes. Thierry
Martens for "Materials and Processes for the Environment and Sustainable Development", Jean-Pierre
Pereira Ramos for "Materials for Production and Storage of Energy," Lotfi Bessais for "Nanomaterials
and Advanced Materials” and Catherine Amiel for “Health and Interface with the Living" gave a lecture that aroused keen interest
among participants. Many exchanges were held and contacts were made later. Participants could also visit the four technology
platforms hosted at ICMPE. They were informed that these facilities were not only used by the on-site staff but were accessible
also for outside applicants. This meeting was an excellent opportunity of presenting the research works of the Institute and some
of its technical resources. It allowed the exchange and outreach with local SMEs.
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ICMPE has a great experience in the characterization of soft and air sensitive materials like polymers or batteries materials.
Downsizing the dimensions of the materials used in solid state chemistry is an efficient route to investigate new physical
properties of matter. To study these complex objects, powerful tools probing matter at nanoscales are needed. The TEM
technologic platform of ICMPE is equipped with three microscopes: a HRTEM Akashi 002B, a conventional JEOL 2000EX and a
FEI Tecnai F20 completed by ancillary equipments covering a large panel of techniques: material defects analysis, morphological
characterization, in-situ deformation and phase transformation, high resolution TEM, EDS and EELS nanoanalysis.

Summary

Since transmission electron microscopy is a projection technique, the collected information is essentially two-dimensional. With
the decreasing size of today’s materials, obtaining three dimensional (3D) information becomes more and more crucial for a better
understanding of matter properties. Nowadays, a recent technique called electron tomography coming from life science is
emerging in material sciences. Electron tomography is a popular mean to study 3D structures in a wide range of materials from
biological samples to semiconductor industry.
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In Situ Raman Microspectrometry Investigation of Lithium Ion
Battery

The principle is straightforward. A series of projections is acquired in the electron microscope by tilting the sample through small
increments. The 3D image is then reconstructed using dedicated software to generate the volume density of the sample. Images
can be acquired in bright-field TEM mode, STEM mode, or through an energy filter (EFTEM mode). This last option allows the
acquisition of chemical maps.
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This new equipment has been installed on our Tecnai F20 using the Gatan package. It is operational since December 2009 for
TEM and EFTEM modes and mid 2010 for the STEM one. A cryo-tomography sample holder is also available for studying
beam sensitive materials.
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The ‘Institut de Chimie et des Matériaux Paris Est’ (ICMPE) was created in 2007 under the auspice of the CNRS
and the University Paris-Est - Créteil. Strongly supported by the French Ministry for Higher Education and
Research and the Ile-de-France Region, ICMPE is a new research facility, home to about 100 faculties and staffs
who joint their efforts in order to develop chemistry and materials science projects in a multidisciplinary
environment. This first issue of the ICMPE Newsletter aims at providing some glimpse at the science activities
and life in our Institute.
Organic chemistry, electrochemistry, polymer science, inorganic chemistry and metallurgy are the main
disciplines that we develop, with both applied and fundamental research objectives in mind, in four main
research areas:





Materials for energy storage and conversion,
Environment and sustainable development,
Health and interfaces with life science,
Nano and advanced materials.

In this first issue, we choose to highlight a few papers that have been recently published by our scientists in order
to illustrate a few projects currently under way at ICMPE. They include:
- an original system based on associative polymers containing cyclodextrin moieties, with a potential for drug
delivery,
- a Calphad-based modelling of the χ phase obtained when crystallizing transition metals,
- a novel multi-component reaction for the synthesis of α–branched amines,
- an in situ Raman investigation of lithium intercalation in vanadium oxide thin films during the
charge/discharge process of a Li-ion positive electrode.

Meeting "CNRS
Innovation in Val de
Marne"

Last June, with the participation of institutional and local partners, ICMPE hosted a seminar entitled “CNRS
Innovation in Val de Marne” aimed at strengthening the role of the Institute in the regional economic
development. In 2009, we also received the first part (TEM and EFTEM) of our top -of-the-art 3D
electron tomography equipment currently under development. This acquisition was made possible thanks to the
generous support of the ‘Délégation Régionale à la Recherche et la Technologie Ile-de-France’.

New equipements to
strengthen the ICMPE
Transmission Electron
Microscopy platform

And for 2010, we are proud to announce the first ‘Rencontres Scientifiques de l’ICMPE’ (ICMPE Scientific
Meeting), which will be held from June 1 to 3 in our Thiais campus , with a scientific program focussing on
ICMPE priority areas.
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You are cordially invited to attend and to visit us at this occasion!
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New equipments to strengthen the ICMPE Transmission Electron Microscopy platform.

ICMPE News

pH 7

COOH

OH
OH

OH

20

COO -

COO -

pH 2
COO -

OH

OH

60

COOH
OH

COOH
COOH
OH
OH

220

80.0
60.0
40.0
20.0
0.0
0

2

4

6

8

10

12

time (days)

The loading and release of an apolar model drug,
benzophenone, has been studied at different pH. Slow releases
have been obtained (10-12 days) with slower kinetics at pH 2
than at pH 7. Analysis of the experiments at pH 7 shows that
drug release is controlled both by diffusion in the network and
by inclusion complex interactions with cyclodextrin cavities.
This new drug delivery system combines several advantages
compared to previously described ones which are the easiness
of preparation of the temporary networks, the pH responsive
properties and the ability to control the release of apolar drugs
due to their specific inclusion complex interactions with CD
cavities.
Anne-Magali Layre, Gisèle Volet, Véronique Wintgens
and Catherine Amiel, Biomacromolecules, 10 (2009)
3283-3289.
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Crystal chemistry and Calphad modelling of the

Contact : amiel@icmpe.cnrs.fr

The principle of MCRs symbolized by a puzzle whose
pieces (starting compounds) auto-assemble to give a
complex product

Consequently, these intrinsic qualities have
rendered them very attractive synthetic
processes and over the last few years, there
has been a tremendous development of
methodological studies exploiting MCRs. For
instance, their efficient role as tools for

parallel synthesis in drug discovery
has been largely highlighted.
Actually, MCRs constitute a very
relevant methodology for the
efficient preparation of important
synthetic intermediates or as a key
process for total syntheses.

As a part of our work devoted to the
development of MCRs involving
organometallic reagents, our group
has developed recently a Mannichtype three-component reaction
among amines, aldehydes and
organic halides. The experimental
procedure, which is characterized A schematic illustration displaying the important molecular
diversity accessible through variation of each reaction
by its simplicity, employs zinc dust
substrate
for the in situ-metalation of the
organic halide into an organozinc
reagent, which reacts with a formal
iminium ion resulting from the amine - a - or -amino ester, a benzylamine or a aldehyde mixture (Barbier conditions). This arylethylamine structural unit.
versatile approach tolerates an independent
variation of each reaction substrate to provide
molecular diversity, thus allowing the
synthesis of numerous -branched amines in
a
straightforward
one-pot,
one-step Erwan Le Gall, Caroline Haurena,
experimental process. Herein, we prove that Stéphane Sengmany, Thierry Martens
this multicomponent procedure constitutes a and Michel Troupel, J. Org. Chem,
useful approach to a wide range of nitrogen- 74 (2009) 7970-7973.
containing
backbones
bearing
a
diarylmethylamine, a 1,2-diarylethylamines, Contact : legall@icmpe.cnrs.fr
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Frank-Kasper or so-called topologically close-packed phases constitute the
most important group of intermetallic compounds formed by transition
metals. Their physics and chemistry are very interesting from a fundamental
point of view. Moreover, in particular because of their brittleness, the
necessary control of their possible precipitation in alloys dedicated to
applications (steels, Ni-based superalloys) requires an accurate description of
their properties. Their description suffers however from a general lack of
knowledge about their crystal chemistry.
A systematic study of Frank-Kasper phases with peculiar attention to the
non-stoichiometry and its structural accommodation has been undertaken (see
phases). In addition to the
and
our previous articles on the
improvement of the knowledge of the chemistry of these compounds, this
type of study has relevant applications for thermodynamic modelling. Indeed,
in the frame of the Calphad method, the choice of the models for the nonstoichiometric intermetallic compounds should be motivated by the
knowledge of the sites on which atom mixing occurs.
Like most Frank-Kasper phases, the phase forms principally in transition
metal systems with atoms of different sizes. The homogeneity domains cover
a broad range of compositions and it has the almost unique property to order
at three different compositions. In addition, it exists in two distinct chemical
forms: as an intermetallic compound and as the structure of a pure element
(Mn in its low temperature allotropic form: ).
A systematic study of the literature data has been undertaken as concern the
phase existence and properties, the crystal structure and the atomic
occupancies on the four different sites with different coordination numbers
(CN). It has been completed by a large number of experimental results on
different binary systems (Fe-Re, Mn-Mo, Mn-Re, Mn-Ru, Mn-V, Mo-Re,
Nb-Os, Nb-Re, Re-Ti, Re-Zr) obtained in the frame of this investigation.
Rietveld analysis of powder X-ray diffraction data has been used to obtain
accurate values of the occupancy parameters. For intermetallic compounds,
conclusions show the preference of the larger atom to occupy the site of
higher CN, sequentially, according to the composition. For -Mn solid
solutions, the solute may replace Mn either on the site of high or low CN,
depending on its electronic properties. From these observations, conclusions
2

have been drawn on the best way to model the
frame of a Calphad thermodynamic assessment.
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Crystal structure of the phase showing the four non equivalent sites,
coordination polyhedra and coordination numbers (CN).

J.-M. Joubert, M. Phejar, Prog. Mater. Sci. 54 (7) (2009)
945-980.
Contact : jean-marc.joubert@icmpe.cnrs.fr

In Situ Raman Microspectrometry accumulated all along the discharge and charge demonstrating the feasibility of using a specially
processes have allowed to describe the local designed spectroelectrochemical cell, which
Investigation of Lithium Ion Battery
The
ongoing
improvements
in
the
microelectronics
industry
and
the
miniaturisation of electronic devices have
reduced the current and power requirements of
some devices to extremely low levels. Therefore
there is an increasing need for new batteries
with lightweight, long-life, and high energy
density. In addition, unlike conventional
batteries, these batteries have to be deposited
directly onto chips or chips package in any
shape or size. One approach to fulfilling this
need is the development of thin film batteries
(TFB) in which all the components i.e. the
anode, electrolyte and cathode materials as well
as suitable current collectors should be
fabricated into a multilayered thin film device.
The lithium microbatteries have potentially
many applications such as non-volatile memory
backup, smart cards, microelectromechanical
systems (MEMS), sensors, actuators and
implantable medical devices.
Vanadium pentoxide is probably the most
widely investigated cathode material for TFB
and we develop here a new powerful tool to get
a local picture of the structural changes
occurring in the electrode material as
electrochemical reaction proceeds. This kind of
information provides a new insight into the
understanding
of
the
electrochemical
performance. In situ Raman investigation of
sputtered V2O5 thin films as lithium
intercalation proceeds is performed here for the
first time. The high quality Raman spectra

structural changes during the electrochemical
reduction and oxidation reactions for the
LixV2O5 thin film electrode (0 x 1). Raman
spectra assignments have been provided taking
into account both the rigorous use of reference
Raman data previously reported for the
chemically prepared LixV2O5 phases and the
complementary use of XRD data.
We have shown that the structural response of
the thin film consists in a solid solution
behaviour, which can be locally depicted by a
weakening of the vanadyl bond perpendicular to
the oxide layers and a stiffening of the V-O-V
bonds along the a direction. We provide also
strong evidence for the presence of the epsilon
phase during most of the lithium intercalation
process, leading to -rich phase with a peculiar
high value of the interlayer spacing. In contrast
with the structural behaviour reported for
conventional composite V2O5 electrodes, the
emergence of the -phase in the expected 0.7 ≤
x < 1 composition range is never observed in
the LixV2O5 thin film.
The lower magnitude of the structural changes
evidenced in this work can be ascribed to the
nanosize effect of V2O5 planes with cross
section of 40 nm x 200 nm stacked
perpendicular to the substrate. This probably
accounts for the high reversible structural and
electrochemical behavior observed for this thin
film material, allowing its use as positive
electrode for lithium all solid state device.
All the Raman spectral changes described here
ascertain recent ex situ experiments, thus

allows to collect unambiguous, reproducible and
homogeneous data.

In situ Raman spectra collected during the first dischargecharge process of a V2O5 600 nm thick film (C/3 rate, 0.7 M
LiClO4/ACN)

R.Baddour-Hadjean, J.P.Pereira-Ramos,
C.Navone, Electrochimica Acta, 54 (2009)
6674-6679.
“Raman Microspectrometry Applied to the
Study of Electrode Materials for Lithium
Batteries”, R.Baddour-Hadjean,
J.P.Pereira-Ramos, Chemical Review, 110
(2010) 1278-1319
Contact : baddour@icmpe.cnrs.fr
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Associative polymers have attracted increasing interest in the
field of biotechnology due to their ability to build
supramolecular assemblies in aqueous media. These systems,
easily tuned to respond to external stimuli (pH, ionic strength,
temperature, etc) are particularly attractive for drug delivery
applications, and in this work, compounds made of
polysaccharides or oligosaccharides were chosen due to their
good biocompatibility, biodegradability and low toxicity. The
associative networks assemblies were obtained by mixing a
polyacid bearing pendent -cyclodextrin (CD) units and acid
groups, with a dextran bearing adamantyl (Ada) groups. The
main interactions between the two polymers are due to the
inclusion complexes formation between Ada groups and CD
cavities: high affinity constants were determined by isothermal
titration microcalorimetry. Additional interaction mechanisms
participating to the cohesion of the networks, hydrogen bonds
and electrostatic repulsions, are sensitive to the pH and ionic
strength of the medium. Therefore, the rheological properties
are pH-dependent.
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Multicomponent reactions (MCRs) are
known to be among the most powerful
building tools available in organic synthesis,
since they rapidly increase the complexity of
final products starting from simple
precursors. In essence, these processes both
exploit optimized reaction conditions and
highlight some well-established principles of
green chemistry like the limitation of solvent
requirements (decreased reaction steps), the
use of very simple starting compounds, or the
maximization of atom incorporation onto
final products. Put together, these features
favor limited emissions of chemical wastes
thus making these methods one of the leading
elements of sustainable chemistry.
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Associative Network based on Cyclodextrin
Polymer. A Model System for Drug Delivery

Three-component synthesis of -branched amine
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