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10 MeV electron linear accelerator LINAC for pulse radiolysis.

First cover : Representation of a 2,6-di-O-methyl-cholesteryl-§ cyclodextrin micelle in an aqueous
medium in the presence of dosulepine. After micellisation, the cyclodextrin cavities are orientated
towards the micelle s outside and host molecules such as dosulepine.
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FOREWORD
The Service of Molecular Chemistry (SCM) constitutes a significant part of fundamental chemistry at

the Direction for the Science of Matter (DSM). Furthermore, its scientific programmes benefit from the
contact with teams of CEA who carry out applied research relevant to nuclear energy as well as to new
technologies and industrial innovation. Several cooperative actions (which involve, among other persons,
PhDs and post-docs) with the other operational Directions of CEA (DO) illustrate this will of SCM to
establish its fundamental research within the frame of the broader CEA missions acknowledged by the
French government.

SCM has both competences and equipment (in molecular and supramolecular chemistry, in chemistry
of ultradivided matter as well as in radiation chemistry) which enable it to contribute, from a fundamental
viewpoint, to issues associated with the development of nuclear energy : the management of the end of the
fuel cycle (reprocessing, temporary storage or permanent disposal of nuclear wastes), the operation of
electricity generating power plants (radiolysis of the primary circuit, etc.) even, but occasionally, military
applications. On the other hand, its competence and traditional opening to numerous partners in a variety of
contexts prepares particularly well SCM to invest its efforts in the new missions which were recently given
to CEA in the field of new technologies.

These cooperative actions are currently in progress with most of the other operational Directions of
CEA (DCC, DTA, DRN, DAM and DSV). With the Life Science Direction, other component of the
fundamental research at CEA, the SCM also manages a joint NMR laboratory. Beyond sharing equipment (a
diversified set of NMR spectrometers) for programmes specific to each Direction, researchers of both
Directions in this laboratory also collaborate to carry out research of common interest (dynamics of protein
folding, biomedical applications of cyclodextrins, etc).

Furthermore, the SCM has a long-standing tradition of cooperation with industry, in the chemical field
(Rhodia), in the drug formulation business (IFP), in the pharmaceutical field (Pierre Fabre Medicament,
Sanofi) or the agro-industry (Standa), etc. These links are implemented as research contracts, knowledge and
know-how transfer actions in areas for which patents protecting the rights of CEA have been previously
granted. But, there are also stronger cooperative actions, the most significant one being the set up of a joint
research team effective since 1990. The scientific production, the training of young scientists and the
efficient overlap of activities between fundamental research and industry within this laboratory has been, as a
consequence, an excellent professional insertion of former SCM students in French research organizations.

Finally, the SCM has numerous and close relationships with the CNRS, other research organizations
and many universities. The links extend abroad, not only in Europe, but also in the United-States, Canada
and Australia.

Thus, SCM is at the hub of a dense network of relationships which extend much beyond CEA. This
opening of the Service to the outside world has been implemented, in the course of years, as « mixed
structures » with several external partners:

• The Associated Research Unit with CNRS (URA 331), renewed for four years on the 1st of January
1998, gathers the researches on photochemistry and photophysics, radiolysis, materials chemistry, NMR
and associated methodological developments, as well as coordination chemistry and crystal chemistry.

• At the end of 1998, a cooperation with Rhodia, based on a « frame-agreement » with a broad scope, has
been substituted to the Joint Team CEA/Rhone-Poulenc. This agreement, relevant to the physics and
chemistry of ultra-divided matter, well illustrates the will of transfer and exchange of information and
competence between the scientists of the two organizations. This collaboration is also a privileged place
for the training of young scientists who later will enrich the industry.
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• The « Correspondent Research Laboratories » (LRC), notably with the university of Versailles - Sadnt-
Quentin (synthesis and properties of specific complexing surfactant molecules) and the universities of
Cergy-Pontoise, Toulouse III and Paris V (fundamental mechanisms and modelling of radiolysis), as
well as the « Partnership agreements for Teaching and Research » (CER) concluded with several other
Universities cover most research fields of the Service.

Our participation to the newly created "Doctoral Schools" in chemistry, physical chemistry and
physics of the universities nearest to the Saclay Research Centre enables the Service to be closely involved
in «training by research » activities. In particular, in the Doctoral School of the university of Versailles -
Saint-Quentin, SCM scientists have been granted the full responsibility for two teaching modules and they
participate in the steering committees. SCM scientists also involve themselves willingly in many teachings
both at University and at Engineering Schools (Grandes Ecoles) at all training levels.

The opening of the Service towards the outside world goes ahead. New LRCs, and CER partnership
agreements will gradually be implemented. The creation of a common laboratory with Motorola in the field
of molecular electronics is under investigation.

In the present organisation of CEA programmes in « segments », the SCM principally participate to
segment 34 « Chemistry and Molecular Engineering », steered by one of our scientists (Th. Zemb), a
segment which also involves several teams of DRFMC at Grenoble. Besides, the Radiation Chemistry
Group is bound to segment 35 « Excited matter » in which other teams of our Department (notably of
SPAM and SCPSI) are also active. All the SCM programmes enter into an annual contract with our
Department which sets, so far as it is reasonably feasible in fundamental research, objectives decided by
mutual consent as well as the associated means necessary to reach them (personnel, operations,
investments). Finally, the choice of the research programmes which we propose to manage and develop,
and therefore those which we decide to stop, is based on a rigorous and regular assets/appeals analysis
(McKinley consultant's method).

Let us also emphasize the complementarity of competences and means with the « Service de Chimie
Inorganique et Biologique » (SCIB) and the « Service des Interfaces et des Materiaux Moleculaires »
(SI3M) of the DRFMC (CEA/Grenoble). The researches of the three Services (SCM, SCIB and SI3M) are
assessed simultaneously by the same Scientific Committee.

The scientific report is organized as follows: a simplified organization chart relates the SCM to the
Department and the Direction to which it is bound, and states the personnel (CEA, CNRS, University,
PhDs, post-docs, etc.). The organization chart of the SCM then brings to the fore the relationship between
thematic Groups and teams. A general presentation of the main guidelines of the researches of the Service,
organized by Groups, precedes a detailed description of the results obtained for each of the scientific
themes tackled by the teams with mention of the involved scientists. Publications and patents appear at the
end. Finally the research perspectives of SCM emphasize the inflexions to our activities which will be
given in the next two years.
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GENERAL DESCRIPTION
The fundamental research activities of the Service of Molecular Chemistry (SCM), which are carried

out with the support of numerous active scientific collaborations both in France and abroad, are shared
between four topics, each corresponding to a Group made up of several teams:

* Chemistry & Supramolecular Architectures
* Chemistry of Ultra-divided Matter
* Molecular and Structural Chemistry
* Radiation Chemistry

This general introduction, which gives a short synthesis of the research axes in each of these Groups,
is followed by a series of short descriptions of the context and motivation of the research including
references to primary publications. These feature a short abstract of main results, with the names of the
researchers associated with each project, our partners and the publications during the reference period. The
complete list of the latter is at the end of the report.

Chemistry & Supramolecular Assemblages

The Group "Chemistry and Supramolecular Architectures" (Head.: S. Palacin), just created in the
beginning of year 2000, gathers two teams looking at the building of supramolecular assemblies with new
functions. Chemists, biologists and physicists design, prepare and build up supramolecular devices useful for
heavy metals extraction, medical diagnosis, targeting in living organisms, molecular electronics. This
research is being supported by pharmaceutical industries (Laboratoires Pierre Fabre, Sanofi, Dior, etc.), by
ANVAR, DGA and the european community.

The "Biomolecular Chemistry of Cage Molecules" team, led by B. Perly, has been using for several
years the size selectivity of the cavity of cyclodextrins to orient and control supramolecular self-assembling.
It was thus demonstrated recently that a cyclodextrin bearing close to the cavity a short peptide chain was
able to carry its guest right to a given biological target. This drug targeting allows a limitation of the amount
of drug given to the body, more particularly with highly water-insoluble molecules. In the same way, a
cyclodextrin can be made amphiphilic and become able to complex molecules in self-assembled systems like
micelles. Such studies fit well with the major objectives of the CEA regarding reprocessing and nuclear
waste disposal. In some cyclodextrins, the cavity of which has been chemically "turned out", exhibit very
high affinity for heavy ions. The "Biomolecular Chemistry of Cage Molecules" team has now put together a
widely recognized competence in the art of carving and adjusting cage molecules from the family of
cyclodextrins to a chosen target, either for chiral recognition or for solubilisation in water molecules useful
for pharmacology, dermatology or cosmetics.

The "Organized Molecular Systems" team, led by S. Palacin, studies the electronic properties of
supramolecular assemblies and isolated molecules, that can be used in information treatment devices. Three
major axes of research can be emphasized:

• Supramolecular engineering at interfaces: this theme carries the "bottom-up" approach towards
molecular devices, since it aims at building up molecular or supramolecular assemblies at the surface of
a solid for a quantic treatment of electronic signals. Metallo-organic mono- and multilayers, two-
dimensional polychelates or interconnected networks of metallic nanoparticles were thus realized and
characterized.



• Molecular electronics: how does an organic molecule interact with the surface of a metal ? The answer is
not easy to get. The team wants to go further simple imaging (by STM for instance) of the electronic
states of an adsorbed molecule and understand how the metal influences the flow of electrons through
the molecule. Original tools (nano break-junctions, electrodes a few nanometers apart from each other)
are prepared by advanced electronic lithography and used for the study of individual molecules adsorbed
on a metallic electrode. This work can be seen as the "top-down" approach towards molecular electronics
devices.

• Controlled molecular deposition: building up molecular electronics devices requires obviously to be able
to direct the adsorption of molecules to selected areas of a surface. The "Organized Molecular Systems"
team uses both classical electronic lithography and "soft" lithography (contact printing) to control the
selective adsorption of vesicles and carbon nanotubes.

Chemistry of Ultra-Divided Matter

The research programmes of the Group (Head : Th. Zemb) are based on three competences unique in
France, and resulting of more than ten years of accumulation of experience in the same field:

• First of all, a platform consisting of three small angle X-ray cameras, two of them designed and
constructed in the laboratory- allowing detection of very faint scattering powers. The "High flux" camera
allows the measurement of the scattering produced by 10 micrometers of pure water in transmission
mode (resp. O. Tache). The second setup, a Bonse-Hart camera extends the domain of investigation to
very small scattering angles allowing measurement of micronic objects with X-ray scattering (resp.: S.
Lyonnard). The third instrument is a modified Guinier camera allowing mall angle scattering of hard X-
rays allowing access to inorganic heterogeneous material (resp.: F. Ne). This technical platform is under
the responsibility of O. Spalla. This technical platform is complemented by up to-date light scattering
facilities, some of them constructed in the laboratory (resp.: S. Desert).

• This platform is completed by a coordinated ensemble of experimental methods allowing determination
of the osmotic pressure of a complex fluid over nearly nine decades. Determination of osmotic pressures
(or water activity), known for heterogeneous solutions such as emulsions since Jean Perrin at the turn of
the century, is known to be the most precise method to detect forces between supramolecular and
colloidal aggregates. The ensemble of instruments, under the responsibility of M. Dubois, includes at the
moment one tonometer, cells of controlled humidity that can be located as sample environment in small
angle scattering experiments, several types of dialysis units, as well as a membrane osmometer.
Recently, we have calibrated and installed a prototype of precision differential tonometer, which has
allowed direct evidencing of reverse micellar aggregation of tributylphosphate, the reference extractant
molecule used by COGEMA in the La Hague reprocessing plant.

• Finally, the understanding of scattering or thermodynamic results cannot be made without a very sound
and reliable basis of statistical mechanics of complex fluids. This is brought to the group by L. Belloni
and his coworkers. Global understanding of the interplay between phase diagrams, microstructure and
intermolecular forces requires expertise in modern statistical mechanics, as taught by L. Belloni in the
"Doctoral School" of Paris and occurring in most of the concrete problems tackled by the Group.

This center of excellence is completed by a coherent set of calibrated facilities, shared by the Group,
and under the responsibility of a member of the staff: capillary electrophoresis of ions, zetameter, titrating
systems (P. Lixon), light scattering instruments (S. Desert), a thin film balance (M. Delsanti), a precision
densitometer (M. Dubois), an automated scanning chromatogaph "Iatroscan" and a BET instrument (F.
Testard), as well as an image plate scanner (F. Ne).

Moreover, the Group is associated as a mixed laboratory with the team of Ch. Larpent, from the
university of Versailles. Thus, we are able to perform molecular engineering, synthesis and investigation
ofphysical properties within the Group. Experiments were performed by members of the Group in four of the
common French and European facilities: ILL in Grenoble and LLB in Saclay for neutron scattering; ESRF
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in Grenoble and LURE in Orsay for X-ray scattering. Finally, a crucial expertise is brought by Tli. Gulik in
Gif: countless microstructures difficult to identify by scattering have been evidenced from cryofracture. For
our Group, as well as the French community and most leading journals in soft condensed matter, the
foreseeable interruption of the collaboration with the team of Th. Gulik in Gif due to his retirement will
become a big handicap.

All these experimental facilities, a combination unique in Europe, are mainly devoted to a few
fundamental problems: our knowledge of intermolecular forces in self-assembling systems is at the dawn of
understanding, as planetary systems before the recognition of gravitation. Our basic scientific goal thus try
to establish for the first time as complete as possible equations of state for well characterized generic
complex fluids. This includes understanding and modelling mixing and osmotic compressibilities of mixed
colloidal systems, such as polyelectrolytes and colloids. As an immediate consequence of this basic research
program, is the possibility of new approaches to problems of interest for the CEA, such as surface
mesoporous gel formation upon corrosion of glass, evidencing and predictive modelling of supramolecular
aggregation of complexing molecules used for ion separation, even towards predictive models of
solubilisation of toxic molecules in microemulsions.

Molecular and Structural Chemistry

The work of the Molecular and Structural Chemistry Group (Head : M. Ephritikhine) is directed
towards the synthesis, structure and reactivity of metallic complexes, biomolecules and materials. In
coordination chemistry and crystallochemistry, the researchers of the Group design, synthetize and study the
properties of new molecules. In what concerns the NMR of liquids and solids, the researchers of the Group
design and develop new methods for the structural studies and apply these methods in the areas of
biochemistry, inorganic and materials chemistry.

In coordination chemistry (resp. : M. Ephritikhine), the works are devoted essentially to the f
elements, uranium and rare earths. The synthesis of compounds which have a non usual oxidation state or
coordination mode is controlled by the judicious choice of ligands. The main objective of this fundamental
research is to get a better knowledge of the metal-ligand bond and to understand the structure-reactivity
patterns; this is useful for developing the applications of the complexes in organic chemistry and catalysis,
and for favouring the emergency of new physical properties, in particular magnetic properties. Several
classes of compounds have been studied:

• The results obtained with the uranium thiolate compounds show that the uranium-sulfur bond is quite
stable, contrary to generally accepted ideas, allowing the isolation of molecular complexes in the
oxidation states +3, +4 and +5.

• The first triflate compounds of uranium (III) and (IV) have been synthesized by original routes.

• The lanthanide borohydrides, which have been practically ignored so far, have been found to be excellent
precursors of organometallic complexes, especially some very reactive cationic derivatives.

Despite their remarkable performances in organic synthesis and catalysis, uranium complexes will
not know a great success in the academic and industrial laboratories, because of their sensitivity towards
contact with air and radioactivity. However, with respect to their paramagnetism, these complexes are
valuable auxiliaries for the understanding of the mechanisms and the improvement of some reactions, in
particular those catalyzed by titanium compounds which present many analogies. The results described in
this report show the interest of uranium complexes in the study of the selective dimerization of terminal
alkynes (in collaboration with M. Eisen, Technion, Haifa) and the reductive coupling of ketones.

Moreover, two other research areas have been developed:

• During these last three years, the domain of molecular magnetism of heteropolynuclear compounds in
which a 5f element is associated with a 3d transition metal has been explored for the first time. The
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synthesis of a new type of trinuclear complexes led to the discovery of the ferromagnetic interaction
between the U(IV) et Cu(II) ions (in collaboration with J. J. Girerd, university of Paris XI).

• Finally, we have begun to study the factors determining the selectivity of the complexation of nitrogen
molecules to the lanthanides (III) et actinides (III) ions, which is of major importance in the extraction
processes for the partitioning of nuclear wastes (in collaboration with Ch. Madic, DCC). These works
have not yet been published and will not be presented in this report.

The main part of the activity in crystallochemistry (resp.: M. Nierlich) concerns the investigation of
f-element ion complexation by calixarenes. During the last two years, this work has been extended to more
original ligands owing to collaborations with organic chemistry laboratories (ECPM Strasbourg, Rome and
Fukuoka universities) :

• One of the most notable results is the characterisation of the first example of a pseudo-trigonal geometry
for the uranyl ion, in its complex with a homooxacalixarene. The ability of calixarenes and
homooxacalixarenes to complex uranyl clusters (some of them among the largest ever characterized) has
been demonstrated. An investigation of azacalixarene complexes, which is a completely new field, has
put in evidence the self-deprotonation of these ligands induced by uranyl or rare-earth ion complexation
as well as unusual coordination modes.

• The reactions of ?Bu-calix[4, 5 and 6]arenes with UCLt have provided the first uranium (other than uranyl
ion) complexes with calixarenes; these mono-, bi- or trimetallic species are uranium (V) and (VI)
alkoxides which display highly original structures. Besides, the presence of metallic cations during the
reaction of UO2C14

2" with rBu-calix[6]arene affords heteropolymetallic complexes. The addition of
cesium gives a trimetallic compound [2 UO2, Cs] whereas the other alkali metal ions and the lanthanide
ions result in an activation of the U=O bond and the formation of [U, 2 UO2]- or [U, 2 Ln]-type
complexes. The extension of this work, which shows that classical calixarenes can complex more than
one metallic cation, to large calixarenes (n > 8) indicates that the latter are able to complex several
polymetallic species. The reaction of rBu-calix[12]arene with uranyl ions yielded the first complex with
two separate bimetallic species included in an organic macrocycle cavity.

• Another research field, which is developed in collaboration with DCC (Cadarache and Marcoule),
concerns the investigation of extracting molecules designed for nuclear fuel reprocessing; the cesium-
technetium co-extraction by calixcrowns and the structure of rare-earth ions-diamides complexes are
some of the problems recently studied.

The methodology in liquid-state NMR for the study of internal molecular motions is the main
activity of the « NMR and molecular dynamics » team:

• The experiments using dipole-dipole relaxation in the presence of an off-resonance if field are now
employed worldwide for the study of structure-activity (or dynamics-activity) relationships in the field of
biomolecules. Our last development is the conception and elaboration of a method for the fast
characterization of the global dynamics of proteins enriched in stable isotopes.

• A new research field is explored since april 1998: the production and use of laser-polarized xenon as
probe of molecular hydrophobic regions. This experiment, consisting in a transfer of the photon
polarization to the nuclear spins, allows, in the experimental setup developed in the laboratory, an
increase of the xenon NMR signal of more than four orders of magnitude relative to the thermal
equilibrium signal observed at 10 Tesla.

This leads to numerous applications, in three domains. The first one is Magnetic Resonance Imaging,
where a collaboration with the group of Pr J.-C. Beloeil (CNRS, Gif sur Yvette) on cerebral ischemy is
started. The second one is the xenon NMR study of materials such as zeolithes, mesoporous, nanotubes, and
has given rise to a collaboration with Dr. L. Bull (Institute of Materials, Nantes). The last one deals with the
detection of hydrophobic cavities in proteins through xenon liquid-state NMR (collaboration with the groups
of Pr. F. Vovelle, CBM Orleans, and of Pr. M. Delepierre, Institut Pasteur). For this last domain, the
preliminary step consisting in the observation of a magnetization transfer from dissolved laser-polarized
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xenon to the protons of a medium-size molecule in water has been successfully reached with a p
cyclodextrin.

The activity of the solid-state team is being developed along two axes. One is spin dynamics and
methodological developments. The other is NMR studies of materials of interest for the CEA. During these
last two years, a solid-state NMR spectrometer "Bruker Avance 500 Mhz" has been acquired, and the
permanent staff has begun to be enlarged, whereas the material studies of the Group have been refocussed
around NMR, which is a strong and well etablished pole of competence.

The study of the dynamics of spin systems leads to the development of new solid-state NMR
methods, increasingly suited to the samples investigated and selective in the provided information. This
approach has led us to invent the DAS method, a prototype for a series of other new methods (MQ-MAS,
etc.), powerful for the investigation of materials and now used routinely.

In the same way, during these two last years, a careful examination of the symmetry and periodicity
of the hamiltonians has allowed us to design a simulation programme which is amongst the fastest available.
With this new tool, we have carried on with the study of the coherence transfer in MQ-MAS and the
development of mathematical inversion methods in order to get the distribution of the local structiares and
environments from the MQ-MAS 2D line shapes.

If the NMR spectra may be used to identify different crystalline or molecular sites from the position
of the NMR lines, much more powerful and less ambiguous is the systematic exploitation of the effects of
the dipolar couplings. These are easy to calculate, depending directly on the distances between nuclei. In that
perspective we are yet studying and developing cross-polarisation methods between spins 1/2 or with
quadrupolar nuclei, and we perform correlation experiments in order to enhance the sensitivity, simplify the
spectra and characterise the neighbourhoods and the internuclear distances. At a very fundamental level, we
have demonstrated the persistence of a dipolar order in the presence of magic angle spinning: this result is
new and original in NMR physics and will allow to develop new polarisation transfer methods for
quadrupolar nuclei.

Such methods have been applied to three classes of materials: calcium silicate hydrates (CSH, main
constituents of the cements), silicate glasses, and mineral phosphates (apatites). The NMR is a tool especially
well adapted to the characterisation of such materials which all exhibit some degree of disorder related to
their ability to contain foreign elements without consequent modifications of their structural properties.

Within the frame of the programmed action CNRS-ATILH "Cohesive-granular materials" we are
continuing the NMR study of the CSH, and more specifically, of the modifications of the structure of the

interlayer space when the ratio Ca/Si is varying. A rigorous examination of the polarisation transfers *H-
™Si allowed to discriminate through their mobility, among the protons close to the siliciums, those on the
surface of the nanocrystals, and those in the interlayer space. The interaction of cesium and CSH in the
presence of water has also been investigated. By NMR, different sites of cesium have been shown to exist,
which however have not all been attributed. It has also been shown that, in the presence of water, the cesium
is not fixed within the CSH, but concentrates on the surface of the nanocrystals, being partly adsorbed and
partly in the first hydration layers, in highest quantity but much more labile than in clays.

In silicate glasses, in order to better understand how structure and reactivity depend on the chemical

composition, we have characterised in a more quantitative way by NMR (2-*Na, ^M, ^ B et ^ O ,
especially with MQ-MAS) the evolution of the local structure (bond lengths and angles, coordinence,
clusterisation) around the different atoms as a function of the composition or the degree of degradation by
water.

In a series of hydroxyapatites-britholites solid solutions prepared by hydrothermal synthesis, two
questions have retained our attention: the substitution mechanisms and an possible clusterisation of the
substituent atoms. We have already verified the hypothesis according to which, in the substitution of Ca^+

by Y^+, the charge compensation occurred not only by a substitution of (PO^)^" by (SiC^)^', but also by the
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departure of an H + ion. In collaboration with D. Bernache (university of Limoges) we have also used the
NMR to characterise the level of incorporation of cesium in the britholites.

Radiation Chemistry

The Radiation Chemistry Group (Head : J.-C. Mialocq) investigates the primary processes following
the interaction of radiation with matter, more particularly in liquids and at liquid-solid interfaces. This is a
fundamental research strongly related to the problematics of CEA and to promising developments for the
applications in the framework of its nuclear objectives (the cooling circuits of nuclear reactors, the long term
disposal and interim storage of nuclear wastes, the detection of radionuclides in the environment). Another
important activity is developed since many years on the photophysical and photochemical properties of laser
dyes (Atomic Vapor Laser Isotope Separation SILVA of uranium). These two last years, the Group has been
reorganised to get together the researchers whose thematics were centred on radiolysis studies in the liquid
phase and at the liquid-solid interfaces on the one hand and on those related to the primary processes in
femtochemistry at high laser intensity on the other hand. The latter technique enables by the multiphotonic
ionisation of liquids or the photodetachment of the electron from anions in the ultraviolet, the study in the
femto- and picosecond time range, of species identical to the primary species (solvated electrons, OH'
radicals, etc.) created in the ionisation tracks in radiolysis. This approach will be amplified particularly in the
framework of ELYSE (E -electrons, LYSE -radiolyse-, in the picosecond time range), in collaboration with
CNRS and university of Paris XI. Moreover, the themes "Organised Molecular Systems", "Photochemistry
and Environment" as well as femtosecond fluorescence spectroscopy by sum-frequency mixing, which have
been presented in the 1996-1997 scientific report, have evolved toward photobiology and are now examined
in a new research unit created at DRECAM with partners (CNRS, university of Paris XI), to be named the
Francis Perrin Laboratory.

Because CEA must maintain his role of "leader" in the domain of the interactions of radiation with
matter for the development of electronuclear energy (behaviour of the cooling fluids and nuclear fuels,
corrosion, treatment and disposal of wastes), SCM has revitalised, under the impulsion of the General
Direction and DSM/Dir, radiolysis in CEA by taking advantage of the Group scientific competences, which
are the object of an international recognition, and by increasing the staffto a critical size. A CEA Laboratory
of Radiolysis has been created, showing clearly at the same time his connection to the DSM fundamental
research and his vocation to contribute to the problematics of CEA where radiolysis is important (in the life
sciences as well). The Laboratory programmes are examined by a Steering Committee in which all the
operational directions (DO) of CEA are represented. The initial objective of 10 CEA agents, all directions
merged, is maintained. One INSTN professor has joined officially the Laboratory. Some operations are
conducted in the form of inter-DO PhD theses with DRN, DTA, DCC, DAM and in the framework of a
european programme on nuclear fusion (EFDA). Those operations are clearly defined in the SCM objective
contract. Moreover in the domain of life sciences, a reflection is underway with DSM/DRFMC and
DSV/DBCM.

The staff of the CEA Laboratory of Radiolysis (resp.: B. Hickel) is since december 1998 in an
entirely renewed building, equipped with a chemistry laboratory and a new linear accelerator (LINAC) of
10 MeV electrons which will replace the old Febetron, the electrons energy of which was only 2 MeV and
the repetition rate insufficient. The energy of the electrons will thus be adapted to studies of the effects of
temperature and pressure. However, the radiolysis studies are also performed with other sources of
radiation : gamma rays (Curie Institute, Paris), protons or alpha particles (CERI, Orleans) and ions of
variable energy (Cyclotron of GANIL, DRECAM/CIRIL at Caen). Varying the type of particles and their
energy, the linear energy transfer (LET), the energy deposition per unit length on the track of the ionising
radiations, measuring the radiolytic yields of the final products and the reaction kinetics and finally
simulating the inhomogeneous processes before diffusion of the species and the homogeneous reactions in
the bulk are the methods which enable to describe the effects of ionising radiations.

In the radiolysis of liquids, the fundamental long term research action remains the primary processes
in the radiolysis of water. Water occupies indeed the greater place since its radiolytic decomposition brings
urgent questions in a number of applications to the nuclear field. The Laboratory is engaged at a better
description of the LET effect and the influence of temperature on the reactivity of radicals and ions, unstable
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species created in the radiolysis of water. This description leads to the study of the repair phenomena. The
basic studies under the form of inter-DO operations on the cooling fluids radiolysis in fission reactors in
collaboration with DRN and DTA and in the framework of ITER then of EFDA for the fusion reactors are
the logical continuation of our thematics. The study of the water radiolysis at basic pH is also the
prerequisite for the description of the radiolysis of interstitial water in the concretes used for the disposal of
nuclear wastes. Pulse radiolysis is the necessary technique for the spectral identification of the reactive
species, the description of the reaction mechanisms and the measurement of the kinetic parameters, rate
constants and activation energies.

Radiolysis at liquid-solid interfaces (Responsible of theme: C. Corbel) has become another
important thematic, ahead of a basic research in collaboration with DCC on the dissolution of used fuels
accelerated by radiolysis. This operation is conducted in the framework of the PRECCI programme. The
irradiation of the water-fuel interface with He + ions enables to simulate water radiolysis by the; alphas
particles emitted by certain radionuclides in the used fuel which can come accidentally into contact with
water.

In femtochemistry in liquids (Responsible of theme : S. Pommeret), the Group is operating since
1996 a femtosecond laser source (SOurce Femtoseconde Optique pour la Chimie au KiIx>hErtz,
SOFOCKLE) which delivers pulses of < 50 fs duration at a 1 kHz repetition rate (source utilised for 40% of
the time by DRECAM/SPAM). The main research themes are mono- or multiphotonic ionisation,
photoinduced transfers of energy, electron or proton in the femto- and picosecond time domain. This theme
constitutes an "operation" in the framework of GDR 1017 of CNRS "Dynamics of elementary processes in
the liquid phase". A collaboration set up with a group of university of Paris XI - Orsay on the SOFOCKLE
laser source for the investigation of the hydrated electron reactivity will be continued in picosecond
radiolysis (ELYSE project). This is indeed the complementary technique of nanosecond pulse radiolysis
developed in the CEA Laboratory of Radiolysis. Femtosecond laser spectroscopy has been successfully
applied in a contract with L'OREAL to the photophysical study of a cosmetic filter utilised for the skin
protection against UV A and UV B solar radiations.

Finally in the photochemistry of laser dyes, the collaboration with DCC is in progress particularly to
synthesize water-soluble rhodamine laser dyes.
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Supramolecular architecture: metallo-organic multilayers

F. Armand, J.-P. Bourgoin, V. Hue, S. Palacin, M. Saveyroux.

The covalent grafting of bifunctional molecules on a mineral surface gives a controlled modification
of the interface: after grafting, the substrate is decorated with a reactive group suitable for future surface
chemistry. When that group has a strong affinity for a metallic site, a metallo-organic complex can be linked
to the surface via ligand-exchange reactions. We followed that strategy to create mono- and multilayers based
on aromatic macrocycles, from the family of porphyrins and phthalocyanines.

The silanization of a glass surface by a bifunctional silane bearing a pyridine group (DaCruz, 1999)
allows, for instance, the grafting of a cobalt porphyrin or a ruthenium phthalocyanine (RuPc). The pyridine
group is indeed a strong ligand for those metals and easily replaces more labile ligands.

In the same way, a gold (or platinum) surface can be functionalized with isonitrile groups, which are
very strong ligands of ruthenium. In the scheme given in figure la, the isonitrile function is used both for the
functionalization of the gold surface and for the grafting of ruthenium phthalocyanine. Those reactions can be
monitored by reflection infrared spectroscopy, since the isonitrile group is infrared-active. Figure 1 b shows
that the RuPc molecules linked that way to the gold surface can be directly observed by scanning tunneling
microscopy (Hue, 1999 et 2000).

' W N

'K'\

- <I>CN

15 nm

Building up a compact monolayer with ruthenium phthalocyanines. (a) Strategy: the gold surface is
functionalized with diisocyanobenzene, then ruthenium phthalocyanine bearing two labile axial ligands is
grafted by ligand exchange, (b) STM image of the resulting metallo-organic monolayer; the white disks
(average diameter 2nm) are attributed to phthalocyanine molecules.

Building up multilayers from that seeding monolayer requires filling the remaining coordination site
of the metal with a rigid bidentate ligand (pyrazine, bipyridine, diisocyanobenzene...) able to link together
two macrocycles. That second axial complexation can be very easy when the "trans" effect (that rules the
competition between ligands on the same metallic site) clears out spontaneously the external coordination site
upon the grafting of the macrocycle on the surface. Thus, CO is released from its coordination site when an
isonitrile group binds to the ruthenium ion on the other side of the macrocycle. This spontaneous substitution
makes easier the repeating graftings.

These linear supramolecular assemblies are useful building blocks for molecular electronics, since
they bring together electron-rich metals and conjugated molecular bridges.

DaCruz and al. (1999). Thin Solid Films, 349, 155.
Hue and al. (1999). J. Phys. Chem. B, 103, 10489.
Hue and al. (2000). Langmuir 16, 1770.
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Transport properties of Metal-Molecule-Metal junctions

J.-P. Bourgoin, C. Kergueris, S. Palacin

In the quest for sub-5nm information processing devices, we pursued our studies of the electron
transport in Metal-Molecule-Metal junctions. This work was made in collaboration with the Quantronics
group of the SPEC (D. Esteve, C. Urbina), and the Molecular Electronics Group of the CEMES/CNRS
Toulouse (C. Joachim).Two different techniques were used experimentally to systematically compare the
transport properties obtained with dodecanethiol and bisthiolterthiophene molecules: the mechanical break-
junction technique applied independently to both molecules (Kergueris, 1998 et 1999a) and the STM
investigation of matrixes of dodecanethiol with inclusion of bisthiolterthiophene molecules (Kergueris 1999b,
1999c). The latter technique allowed us to verify that the transport was much easier in the case of
bisthiolterthiophene compared to dodecanethiol. The break-junction technique proved much more
informative, in particular because the inter-electrode spacing could be varied with sub-A accuracy (see
figure). We showed that the transport measurement results for dodecanethiol could be accounted for by simple
non-resonant tunneling, while the molecular levels were dominating the transport in metal-
bisthiolterthiophen-metal junctions. From a theoretical point of view, we considered two different models: one
is based on the hypothesis of coherent tunneling, the other one based on the hypothesis of sequential
tunneling. We showed that both models allowed a qualitative interpretation of the experimental data, but that
it was not yet possible to decide which one or, more likely, if a combination of both corresponds to reality.

In both models, a key point concerns the description of the metal-molecule interface. We thus
developed a collaboration with C. Bureau from the SRSIM, in order to describe the system by means of
Density Functional Theory techniques. This allowed us to check the validity of some simplificating
assumptions made in the two models. Finally, we modeled the influence of the chemical link between the
molecule and the gold electrode and concluded that the selenium atom gives rise to a better coupling than the
sulfur atom, itself better than the isonitrile group.

-2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0

Bias(V)

Scheme of the transport measurement experiment with adjustable distance between the electrodes(left).
I-V curves recorded at ambient temperature before (green) and after (red) reducing the inter-electrode

distance by 0.38 A. (right; the curves, recorded subsequently, are shifted for clarity).

Kergueris (1998). PhD thesis, University Paris XI.
Kergueris and al.( 1999a). Phys. Rev. B , 59, 12505.
Kergueris and al. (1999b). Nanotechnology , 10, 8.
Kergueris and al. (1999c). in "Electronic properties of Novel Materials-Sciences and Technology of Molecular
Nanostructures", AIP conference proceedings, 486, H. Kuzmany editor.
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European Project NANOMOL: Manufacturing and Modelling of Nanoscale
Molecular Electronic Devices

F. Armand, M. Lambert, J-.P. Bourgoin, S. Palacin, V. Rousset

This project is part of the "New Information Devices" program of the European Union. It gathers the
following groups: Organised Molecular Systems Laboratory from the Service de Chimie Moleculaire and
Quantronics Group from the Service de Physique de l'Etat Condense for the CEA, Chalmers, Copenhagen and
Liverpool Universities and CEMES/CNRS in Toulouse . The NANOMOL project has a duration of 3 years
and involves 354 man-months of work total, including 72 for the CEA. The official starting date was January
1st 2000. The main objective is to build up sub-5nm devices based on single molecules and metallic clusters,
both routes being evaluated on the same footing. This multidisciplinary project is divided into seven Work-
packages:

WP 1: Design and synthesis of nano-objects I: Molecules
WP 2: Design and synthesis of nano-objects II: Nanoclusters
WP 3: Self-assembly and deposition of nano-clusters onto nanofabricated electrodes
WP 4: Investigation of self-assembly, interface and positionning of molecules onto nanofabricaned

electrodes
WP 5: Transport measurements
WP 6: Nano electrode fabrication
WP 7: Theory

We contribute to all the WPs except WP2 and 7. Following the kickoff meeting, several studies were
started and already yielded some results:
• Synthesis of a novel molecule based on terthiophene with selenol groups at both ends(cf figure),
• Nanofabrication of electrodes with sub-5nm gaps (see nanofabrication part of the present report)
• Direct e-beam lithography on a bilayer of gold nanoparticles encapsulated with alkylthiols (100 nm wide

lines controllably fabricated so far).
• Study of the self-assembling properties of alkylisonitrile molecules on gold.

2,5 "-bis(acetylseleno)-5,2\5',2 "-tertiophene.
The acetyl groups, that protect the selenol groups from oxidation,

are removed just before the interaction between the molecule and a gold surface
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Nanofabrication

0. Araspin, J.-P. Bourgoin, K.H. Choi, C. Kergueris, S. Palacin, V. Rousset

Building up molecular-based information devices requires the molecular materials to be addressed,
for instance through connecting sites obtained by nanolithography. Molecular engineering is thus necessary to
create suitable supramolecular assemblies, but it is also very important to study specifically the fabrication of
the addressing sites and the different ways to direct the organic molecules toward them.

The current limitations of electronic lithography allow the fabrication of metallic electrodes
(addressing sites) separated by a 4-5 nm gap, which is too large for the connection of a single molecule. In
order to reduce that gap, we developed a technique derived from P. Mac Euen's (Appl. Phys. Lett. 1999, 75,
301): the gap is created by the controlled breakage of a metallic wire patterned by electronic lithography. An
increasing voltage drop is applied accross a nanowire. Thermally-assisted electromigration occurs in the
nanowire which eventually breaks and forms a small gap (1 to 3 nm), as indicated by the tunneling current
measured between the resulting electrodes. Several experimental parameters such as the voltage gradient, the
composition of the metallic wire, or the geometry of the constriction were checked and we can now
reproducibly prepare addressing sites that can be bridged by a small molecule.

In parallel, we carried on our research on microcontact printing with elastomeric stamps and studied
the limitations of the technique in size, and its ability to direct molecules to specific sites on a surface.

Thus, using electronic lithography (instead of optical lithography) for making the master mold of the
stamp, and didodecanedisulfure (instead of the classical hexadecanethiol) as an ink, we were able to transfer
patterns with 120 nm-wide lines on a gold film by selectively depositing the molecular ink within the areas of
conformal contact between the substrate and the stamp. The very low equilibrium vapor pressure of the
selected disulfure limits the diffusion of the ink during the contact.

We also studied the selective
Langmuir-Blodgett deposition of phthalo-
cyanines multilayers on substrates that have
been patterned with the microcontact printing
technique. The pattern alternated hydrophilic
and hydrophobic areas. As the molecule
deposited by the LB technique was purely
hydrophobic, deposition did not occur on
hydrophilic areas, even smaller than 500 nm in
size (cf figure 1). We showed that the
deposition is less selective when the speed of
transfer increases and that the LB film can
bridge hydrophilic areas on thick films. At low
transfer speed, the transfer is controlled by the
dynamic contact angle between the substrate AFM image of the selective deposition of copper
and the monolayer at the air-water interface phthalocyanines on the hydrophobic areas of a patterned
(Bourgoin, 1998). gold film prepared by microcontact printing

Similarly, the controlled seeding of
vesicles on a patterned surface allowed us to test and validate the concept of "molecular drill" that expects an
increased permeability when the membrane undergoes mechanical stress (Bernard, 1999 et 2000).

Araspin and al. (1999). Colloque "Electronique et Nanotechnologies Mol6culaires", MENRT Paris.
Bourgoin and al (1998). Langmuir, J4, 3967.
Bernard (1999). PhD thesis, University Paris VI.
Bernard, Guedeau-Boudeville, Sandre, Palacin, di Meglio, Jullien "Permeation through lipid vesicles by adhesion of
giant vesicles on decorated surfaces " (2000). Langmuir, in press
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Conjugated organic monolayer

F. Armand, M. Normand, V. Hue in collaboration with T. Ebbesen, H. Lezec (ISIS, Strasbourg)

The fabrication of a conjugated monomolecular organic film which can be deposited onto all types of
solid substrates can be considered in two different ways: the top-down approach of material physics starts
from graphite and works on separation and manipulation of graphene single sheets with near field
microscopies (AFM, STM) and focused ion beam (FIB). The bottom-up approach of molecular architecture
chemistry starts from a conjugated planar monomer and aims at fabricating a two-dimensionnal pobmier via
supramolecular organisation and chemical reactions.

The first approach could ultimately provide a
monolayer free of defects and impurities on large
dimensions. In a first step, we established a
preparation methodology which led to the observation
of graphene single or double sheets of several hundred
nanometers long. Blind FIB electrode deposition (see
figure) and characterisation of the electronic transfer
properties are currently under investigation.

AFM image of a 4 electrodes system on a small
graphene tape of around 2 sheets thickness and 100
nm width

Building up a conjugated two-dimensionnal
polymer from a planar monomer is a challenge that
lies in the ability to create a defect-free structure of sufficient dimensions. That approach is however attractive
since functionalized layers with an infinite structural variability could be formed. This method implies the
choice of a conjugated monomer bearing organisational chemical substituents for monitoring the macrocycle
orientation, and coupling substituents that should provide the continuity of n electron transfer between
monomers after polymerization. That approach was tested with the Langmuir-Blodgett technique as film
fabrication method and meso-tetraethynyl porphyrin derivatives as monomers. The acetylenic functions should
lead, after coupling, to a conjugated network of aromatic macrocycles and diacetylenic bridges.

The organisation of porphyrins inside the monolayer was, first, provided by polar substituents located
at the periphery. This strategy resulted in a bad orientation (9 > 25°, where 9 is the angle between the plane of
the macrocycle and the substrate surface) and a failure to polymerize (DaCruz, 1999).

In a second phase, the porphyrin organisation was obtained thanks to a cobalt II ion placed at the
center of the molecule and axially complexed by an aliphatic pyridine to allow the building of the monolayer.
The mobility of the cycle, which can rotate around its center, allowed the formation of a silver acetylide
polychelate. Classical characterisation techniques - UV and IR dichroism, X rays diffraction -revealed a flat
orientation of the monomer (9 < 10°) (Armand, 2000). That polychelate is an intermediary step toward the
aimed polymer which can be obtained by oxidation of the acetylide with copper I. The result suggests an
effective coupling of tetraacetylenic porphyrins within the film. The actual number of the connected
monomers and the structural characteristics of the polymer remain to be determined.

DaCruz and al. (1999). Langmuir, 15(10), 3653.
Armand, Albouy, DaCruz, Normand, Hue, Goron, "Monomolecular layer of a silver acetylide polychelate of
porphyrins", (2000). Langmuir, submitted.
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Controlled deposition of carbon nanotubes onto a reactive template

O. Araspin, S. Auvray, J.-P. Bourgoin, K.H. Choi, D Esteve, S. Palacin

Carbon nanotubes (NTs) appear extremely promising for the development of molecular
nanotechnologies. Within a collaborative effort gathering our group, the Service des Molecules Marquees (C.
Mioskowski) on one hand, the Service de Physique de l'Etat Condense (Quantronics group), and the Max
Planck Institut fur Festkorperforschung from Stuttgart (M. Burghard), we developed studies aimed at:

• measuring the transport properties of nanotubes decorated with proteins;
• building up nanostructures based on crossings of nanotubes.

However, the fabrication of all kinds of NT-based devices is severely hindered by the lack of a simple
and reliable process to deposit NTs in a controlled way. Up to now, all the demonstrated NT electrical
devices have been nanofabricated either by randomly depositing NTs on a multi-electrode array or by
patterning contacts onto randomly deposited NTs, after their observation. In the present work, we demonstrate
a method for achieving a controlled deposition of nanotubes at predefined locations of a surface. This method
is based on the electrostatic anchoring of surfactant covered NTs on an amino-silane functionalized surface:
first, a reactive amino-silane template is prepared using chemical vapor deposition of silane molecules
through a PMMA mask patterned by conventional electron-beam lithography. Surfactant covered NTs (with a
charge opposite to the charge of the silane) are then selectively deposited on the template. Finally, the PMMA
mask is lifted-off, leaving the tubes on the template (cf figure 1). In the course of this study, we demonstrated
that silanisation in the vapor phase allows the fabrication of a monomolecular layer with a largely improved
control compared to liquid phase silanisation. Using such silanized patterns, we deposited isolated NTs and
pairs of crossed NTs well aligned on the silane template, and we showed that metal contacts can be readily
made on top of a NT deposited at a predefined location. Preliminary electrical measurements gave contact
resistances in the 20-200kQ range for Single Wall NTs at room temperature

I 1
j

Figure 1
AFM image of Nanotubes aligned onto a template of aminopropyltriethoxysilane

patterned through a PMMA mask prepared by electron beam lithography.

Choi, Bourgoin, Auvray, Esteve, Duesberg, Roth, Burghard, "Controlled deposition of carbon nanotubes on a patterned
surface ", (2000). Surf Sci, in press.
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New amphiphilic cyclodextrins dedicated to vectorization

R. Auzely-Velty, J.P. Dalbiez, F. Pilard, B. Perly, T. Zemb ; collaboration M. Roux DSV/DBCM/SBPM)

Cyclodextrins can be chemically " custom dressed " to modify or improve some of their properties.
Grafting one single or several hydrophobic moieties on the cyclodextrin core allows to increase its
amphiphilic character. Such derivatives can then be inserted through their hydrophobic part into lipidic
systems such as liposomes or self-organize into micelles leaving the cyclodextrin cavities outside and
available to include active guests.

HMs,

1 2 :R=H; 3:R=Me

Amphiphilic cyclodextrins carrying a derivative of cholesterol as hydrophobic anchor have been
synthesized and fully characterized using Mass Spectrometry and NMR. Physico-chemical techniques (X-ray
diffusion, differential scanning calorimetry, 31P NMR) have evidenced a very efficient incorporation of these
derivatives in phospholipidic lamellar (Auzely-Velty, 1999).

Derivatives 3 exhibit a very high solubility and stability in aqueous media. Perfectly spherical micelles
with an average condensation number of 24 have been obtained for the first time with 3. The cyclodextrin
cavities are exposed towards the continuous aqueous medium.. These new nanoparticules have been fully
characterized using X-ray and neutron diffusion as well as light scattering (Auzely-Velty, 2000). They have
been shown to retain the capacity to include hydrophobic guests in the cavity of the cyclodextrin moiety as
shown by neutron diffusion and NMR. Chloramphenicol (a bacteriostatic agent) and dothiepin (a neurotropic
drag) were used for these assays.

Schematic representation of a micelle obtained with cholesteryl-2,6-di-O-methyl-/3-cyclodextrin 3

Auz&y-Velty and al. (1999a), French Patent Fr.99 05460 April, 28
Auz61y-Velty and al. (1999a), Carbohydrate Research., 318, 82-90
Auz61y-Velty and al. (2000), Langmuir, 16, 3727-3734
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Cyclodextrins and chirality

M. Gosnat, F. Pilard, B. Perly; collaboration with. B. Sebille (Universite Paris 12)

The inclusion of optical isomers in cyclodextrins allows the direct determination of the optical purity
from NMR data. The use of chemically modified hosts is expected to provide new analytical tools exhibiting
higher performances. Compounds 1-3 have been prepared from the parent |3-cyclodextrin (P-CD) in good
yields and purified by HPLC. They were fully characterized by NMR and Mass spectrometry. The complete
reduction of molecular symmetry was evidenced..

— IN-2 — 1V5 — v^r i3 K 3 — r i

R = R2 = R3 = R^ — CH33

It is observed that these new cyclodextrins exhibit a higher solubility and solubilization power than
the parent compounds, even at high temperature. The hemolytic properties of 1-3 have also been evaluated
and compared to those of the homologue series of symmetrical molecules derived from (3-CD. Using NMR, it
was shown that 1-3 present similar inclusion properties as compared to the parent molecules for a large
variety of guests. The lack of molecular symmetry induces a very important chiral separation for racemic
guests as observed by NMR or HPLC. In the latter case, the modified cyclodextrin can be either grafted on the
column or added to the mobile phase. NMR investigations evidence differences in the environment and/or
geometry of optical isomers (geometrical discrimination) and HPLC is sensitive to differences in the affinities
of the optical isomers for the cyclodextrin (chromatographic separation). In the case of lorazepam
(benzodiazepin) the direct correlation between geometrical discrimination and chromatographic separation
was clearly evidenced.

y
B

Behavior of lorazepam by RMN and HPLC (cyclodextrin 1 grafted on the support) A : lorazepam alone, B :
in the presence of /3-CD, C : in the presence ofl

In other cases (dosulepine for example), geometrical discrimination can be clearly observed by NMR
although no separation can be achieved using HPLC indicating that there is no direct and simple relation
between the geometries of complexes and their thermodynamic properties.
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Vectorization using peptidyl-cylodextrins

C. Pean, J.-P. Dalbiez, F. Pilard, B. Perly collaboration with C. Creminon and J. Grassi, DSV/DRM/SPI; A.
Wijkhuisen and J. Y. Couraud, Universite PARIS 7; M. Conrath and J. Fischer, Universite Paris 6.

The purpose of the present work is new approach of drug vectorization based on the use of true
"molecular shuttles" dedicated to transport bio-active molecules. It rests on the synthesis of bifunctional
covalent conjugates combining a peptide (dedicated to targeting: substance P) and a moiety selected for
transport made of a cyclodextrin. We have synthesized 8 peptidyl-cyclodextrins. It was shown using NMR that
the cavity of the cyclodextrin grafted on the peptide core retains its inclusion properties for guest molecules
(Pean, 1999)

Example of one of the prepared CD-SP conjugates.

Immuno-analytical investigations have shown that anti-SP or anti-CD antibodies recognize the
conjugates (Cre"minon, 1999) The behavior of CD-SP conjugates for in vitro recognition of the receptor of SP
was then investigated. The data obtained show that all conjugates retain good affinity and activity for the NK-
1 receptor (P6an, 2000). These results were confirmed by in vivo auto-radiography experiments performed on
slices of rat tissues rich in the NK-1 receptor. Investigation performed on brain slices showed that the
conjugate can displace the complex formed between radio-iodinated SP and NK-1 in all regions known to be
rich in receptors demonstrating the specificity of the binding of CD-SP conjugates on NK-1. Last approach
making use of various microscopies has shown that the receptor is internalized after injection of conjugate in
rat striatum. This observation is highly important since it indicates that the conjugates could be used for intra-
cellular targeting of drugs.

Pictures of auto-radiograms from transverse slices of rat brains. The amount of bound radio-activity
decreases from the warm (red) to the cold colors (blue).In la, the total binding of ISP is displayed,. In
lb, after incubation with y-CD-SP. 1c after incubation with SP.

Pean and al. (1999), J. Chim. Phys, 96, 1486-1493
Crdminon and al. (1999), Pharm. Res, 16, 9, 1407-1411.
P6an and al. (2000), J. Chem. Soc. Perkin Trans.II, 4, 853-863



Complexation of Vitamin A derivatives in cyclodextrins

S. Weisse, B. Perly, F Pilard ; collaboration with P. Andre and J-.C. Archambault (Parfums C.Dior)

Retinol (Vit.A) is a very important molecule acting on the growth and differenciation of epithelial and
bone tissues. Its interest in pharmaceutical as well as cosmetic applications is obviously growing. The use of
retinol is, however, limited by its physico-chemical properties such a poor chemical stability and a very low
solubility in aqueous media. The present work aims to the determination of the capacity of Vitamin A
propionate (PVA) to form stable and/or water soluble inclusion complexes with natural or chemically
modified cyclodextrins and to evaluate their efficiency on the growth of human fibroblasts.

Vitamin A propionate (PVA)

It has been shown that PVA forms inclusion complexes with (3CD, 7CD and per-(2,6-0-dimethyl)-
pCD (RAMEB). Using HPLC and NMR it was observed that the inclusion in PCD induces important
chemical modifications of the guest leading to a complete degradation within a few months. Conversely, the
inclusion complex formed with 7CD is very stable but almost insoluble in aqueous media. Finally, it was
demonstrated that the inclusion of PVA in RAMEB affords a 1:1 water-soluble complex. Optimization of
experimental conditions shows that the solubility of PVA can be increased up to 10"2 M using 10 equivalents
of RAMEB. The long-term stability of this complex has to be determined in solution as well as in the dry
state. Investigations concerning the effects of these complexes on cell cultures (in comparison with PVA
alone) are currently in progress.

The influence of the complexation in cyclodextrins on the
self-association of a drug

5. Moutard, B. Perly, F. Pilard; collaboration with T. Breul (Sanofi RechercheSynthelabo, Montpellier)

The drug considered here is an aquaretic (opposite of a diuretic) synthesized by Sanofi Recherche
Montpellier. It will be administrated to the patient by the parenteral way. The requested conditions for
injection are 15.5 mM in drug in 50 mM lactic-acid/sodium lactate buffer, pH 3. However, since the drug has
a strong tendency to self-aggregate in solution in these injection conditions, undesired side effects are
observed.
NMR is a very sensitive method to analyse solution equilibria. It has been possible to evidence the formation
of dimers, to determine the association constant and to derive a 3D model for the dimer. In a second step, a
complete analysis of the inclusion complex formed between oc-cyclodextrn (a-CD) and the drug was
performed. This complex has a 1:1 stoichiometry and the apparent affinity constant is ca. 800 M'1. The
inclusion process competes with self-aggregation and since a-CD scavenges a part of the monomers, the
proportion of dimers is reduced. As an example, in the conditions used for injection, the proportion of dimers
drops from 35% in the absence of CD to 5% in the presence of 10 mM a-CD.
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New cyclodextrins dedicated to the complexation of metal ions

C. Baudin, C. Pean, A. Gadelle (SCIB), B. Perly; collaboration with F. Fauvelle", C. Debouzy (CRSSA,
Grenoble)

Per-3,6-anhydro cyclodextrins represent a new generation of bio-compatible cage molecules and are
able to scavenge ions (and especially heavy metal ions). Applications to decontaminate biological fluids or to
selectively transport a given ion are therefore realistic. The first assays for bio-compatibility of the methylated
derivative (specific for lead) are positive and allow to start a complete evaluation of the toxicity and
metabolism of these compounds in animals.

Since "custom dressing" of the cyclodextrins allows to orient the selectivity to scavenge and/or
transport a given ion, further chemical modifications are currently under investigation. It will then become
possible to define a priori the best suited host for a given ion. In all cases, the complexation of ions is
evidenced by NMR.

Structure of the complex formed
between methylated per-3,6-
anhydro cyclodextrin and lead.

Cyclodextrins and pollution

C. Baudin, C. Pean, B. Perly; collaboration with P. Gosselin (Universite du Maine, Le Mans)

(-)-geosmin I and (+)-2-methyl isoborneol II are produced by bioconversion of organic materials and
represent the two major olfactive pollutants of water and contribute at high levels to the stench odors found
in the vicinity of water-processing plants. By complexation in cyclodextrins (CDs), pollutants I and II can be
completely eliminated from water. It is therefore realistic to think that the grafting of natural or modified CDs
on a support will provide an efficient way to process waste or industrial water.

HO

(-)-geosrain I (+)-2-methyl-isobomeol
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Coherence of absolute intensity measurements

F. Ne, 0. Tache, S. Lyonnard, I. Grillo and Th. Zemb

Absolute scattered intensities (i.e. scattering cross-section per unit volume) are experimentally
difficult to obtain without a secondary standard, but crucial to quantify the morphology of finely divided
media. For example, in the case of powders, only abolute scales and calibrations allow reliable results for
grain size, porosity when present, specific area.

We have three SAXS instruments in the laboratory which all produce scattered intensities at the
absolute scale (cm'1). Very small angle (5.1CT4 < q < 0.4 A'1) are studied on a Bonse-Hart camera with two
channel-cut crystals. The intermediate range (2.10'2< q < 0.4 A"1) is studied on a Huxley-Holmes camera
with an original geometry. The higher angles (5.10'2 < q < 2 A"1) are measured on a Guinier-M6ring camera
with a molybdenium hard X-ray source (17 keV). The combination of these three instruments constitutes a
powerful technical platform, with high sensitivity and complementarity. We measure scattering from
colloidal crystals at small q, mesoporous materials at larger q, or molecular liquids with small intensities.

Those cameras must be calibrated in a proper way. Yet there is no universal reference, suitable for
each kind of instrument, and the data treatement is different in each case. For the Guinier-M6ring SAXS
camera, an image plate is used as 2D detector. There are three steps in data treatment: a) the calibration of
the q axis using dry tetradecanol which peaks positions are known, b) the subtraction of the empty cell and
calibration of the intensity with pure water (from its compressibility), and c) the desmearing because the
collimation is semi-linear (Ne, 1999). Very high sensitivity is obtained on the Huxley-Holmes SAXS camera
by separating the two X-ray optical elements, namely a Ni-coated plane mirror located as close as possible
from the source, and a bent germanium monochromator, roughly at equal distance from the source and from
the detector. This geometry leads to image the source in the detector plane, and to obtain a very good ratio
between the flux measured at the edge of the beam-stop, and at the center of the direct beam (Zemb, 2000)
the absolute intensity is calibrated using a piece of Lupolen™. Moreover, the pinhole geometry implies no
desmearing step during the treatment. For the Bonse-Hart camera, two channel-cut crystals are used to
collimate the beam and obtain a very high q-resolution. After desmearing, the intensity can be obtained in
absolute units (cm"1): the transmission is carefully measured using an ionisation chamber.

Overlap in q-range between the cameras allows a very good recovering of the data along four
decades in q and ten decades in intensity. An exemple is shown on the figure below. The measurements have
been made independently one from the others on a TiO2 powder. An excellent overlap is obtained between
the three data sets. This validates the data treat-ment, normalisation in absolute intensity and q-scale, and
desmearing process.
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N6 and al. (1999), J. de Physique, in press
Zemb and al. submitted
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Small angle light scattering

S. Desert, M. Delsanti

In condensed matter the knowledge of structure of systems at mesoscopic scale is essential. Small
angle light scattering is convenient to probe the structure at typical spatial scale between 0.3 um and 6 |_im
without perturbation of the system. The sample is illuminated with a linearly polarized light wave delivered
by a He-Ne laser (15 mW). The light scattered by the sample is collected by a lens which focuses in one
point all the light scattered in a given direction (Figure 1). The bidimensional detector, which is in the image
focal plane of the lens, must be sensitive to light flux which varies on several decades. Moreover, the size of
the sensor must be high enough to cover a large angular range. We use a CCD camera 16 bits, the pixel
matrix is 1300x1340 square pixels 20 \im in size. Practically, measurements are performed at angles between
1° and 20°. The instrument has been tested by measuring the intensity of the light scattered by aqueous
suspensions of calibrated latex spheres, an example is given in Figure 2.

This instrument is well adapted to study aggregation or kinetic of phase separation because it is
possible with time counting of the order of one minute to get simultaneously the intensity scattered over a
large range of scattering vector. Moreover, this instrument allows anisotropic scattering to be analyzed.

Fig. 1. A variable attenuator is made of 2 Glan-
Thompson polarizers Pi P2. S represents the
position of the sample. The mirror M stops the
incident beam. By using the signals out of the two
photodiodes PDi and PD2 it is possible to
measure the incident intensity and the
transmission of the samples.

Fig. 2. Variation of the intensity of the light
scattered by suspension of latex spheres as a
function of the scattering vector q. The solid line
represents the Mie prediction for spheres of
diameter 2.14 jum.
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Equation of state of charged bilayers:
Long range interaction and order in lamellar systems

M. Dubois, F. Ricoul, L. Belloni and Th. Zemb (collaboration V.A. Parsegian, NIH-Bethesda, B. Deme, ILL
and Th. Gulik, CGM-Gif)

The measure of osmotic pressure at fixed temperature and composition is a general and very
sensitive way to measure molecular forces across liquids. One of the general unanswered questions concerns
electrostatic repulsion between bilayers: For flat bilayers, a universal repulsion law has been found to be
valid, sharp enhancements are possible if the charged membranes fluctuate, as shown in the electron
micrograph below, when fluctuations become large to produce a texture looking like an oyster shell. Also,
decrease of the electrostatic interaction is possible if charges correlate, dipoles are present or if cispersion
forces between ions and interfaces come into play.

We have developed a set of complementary experimental techniques allowing repulsive pressure

measurement extending from 100 to 10" pascals. Using osmotic stress as well as water vapor pressure
control combined with the measure of periodicity by SAXS, force and distances are measured for the same
sample. Using ternary systems including one charged and one uncharged lipid, the structural charge can be
varied independently from interbilayer distance. In such systems, two smectic-smectic critical points have
been detected at room temperature, due to adhesion between protruding sugar groups. The reversible
coexistence of the classical lamellar phase and a swollen phase has been evidenced in a mixed system
composed of DMPC and hydrophobically modified polysaccharides.

Equation of state of a mixed bilayer system
osmotic pressure versus
volume fraction and composition at room
temperature.

Electron micrograph of a strongly fluctuating charged
bilayer in the absence of salt.

Finally, the equation of state of double chain ammonium with bromide and chloride as counter-ions
have been established versus temperature : the presence of a dispersion force in the case of bromide for
medium ionic strength has been detected without ambiguity, thus providing a positive test of the general
formalism generalizing the DLVO theory proposed by Ninham in 1997. Also, we have shown that the
plateau of pressure occurring when two lamellar phases coexist is reentrant: it first increases with
temperature and decreases before the critical endpoint.

Ricoul and al. (1998) Langmuir, 14, 2645-2655
Dubois and al (1998) J. Chem. Phys., 108(18), 7855-7869
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Nanodiscs of controlled size obtained in anionic-cationic surfactant mixtures

M. Dubois, A. Raynal, S. Desert, Th. Zemb (collaboration Th. Gulik, CGM- Gifsur Yvette and B. Deme, ILL)

Mixing anionic and cationic surfactants with respectively H+ and OH- as counter-ions produces
solutions of high osmotic pressure in the total absence of excess salt, since electrostatic interactions are not
screened. In these " purely catanionic " systems, electrostatic repulsions between objects formed can extend
to hundreds of nanometers. When anionic and cationic headgroups come close together in the same
surfactant film, the area per headgroup decreases and bilayers are formed instead of micelles. Upon dilution,
these bilayers fragment into discs of controllable size varying from several microns to 30 nm in diameter.

Schematic view of the sandwich-like
microstructure of stiff nanodiscs: inner layer
contains crystallized hydrocarbon chains.
Faces are built from ion pairs. Part of the
excess cationic surfactant induces edge
formation.

The network of alternated headgroups has
been studied by combining wide angle X-ray
scattering with neutron scattering, using a
deuterated anionic component. The neutron
scattering spectrum shows sharp peaks due to
alternated hydrogenated and deuterated molecules.

WAXS and SANS of a partially deuterated
sample showing the sharp peak due to crystallised
hydrocarbon chains, and a sharp SANS peak at a
ratio 0.6XXX, due to an ordered two dimensional
array of interacting alternated charges.

In order to use these stiff nanodiscs as
templates or as stiff colloidal objects able to be
oriented in magnetic field or shear flow, it is
necessary to ion exchange the excess H+ or OH" by
a convenient counter-ion. Ternary phase diagrams
have been established for chloride, cesium, bromide
and magnesium. The discs with modified counter-
ions produce stacks of columnar phases, thus
making them good candidates for self-flattening
solutions during drying.
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M. Dubois. and al. (1999) A.C.S. symposium series N° 736/supramolecular structure in confined geometries, Editor S.
Manne/G. Warr, Chapter 6, 86-101
Th. Zemb. and al. (1999) Science, 283, 816
Martinet and al. (1998) Rapport CEA-R-5820
M. Dubois and al. (1998) Comptes rendus de l'Acad6mie des Sciences serie He Chimie, 1 (9), 567
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Flexible polyelectrolytes + counterions : structure and
stability of the solution. Approach by statistical mechanics of liquids

L. Belloni and M. Dymitrowska

The model "PRISM" (Polymer Reference Interaction Site Model) of statistical mechanics of liquids
allows to study correlations inside linear macromolecule solutions. Each polymer chain is considered as a
series of spherical monomers along a semi-flexible skeleton. The connectivity is introduced through a
modified Ornstein-Zernike equation. The classical integral equations (PY,HNC) are then numerically solved.

In the present version, this model is used to study mixtures of charged polymers and ions
(counterions and salt ions). Monomers and ions interact via 1/r direct coulombic potentials. The local
structure of the solution is deduced from the different cross pair distribution functions. At weak electrostatic
coupling (low linear charge density of the polymer and monovalent ions), the traditional DLVO picture is
recovered : the effective, ion-averaged interaction between monomers is close to the screened coulombic
Debye-Hiickel potential Z2e"CT/r. When the charge density of the chain goes above a critical value, the
monomer-counterion correlations present a strong short-range accumulation, consistent with the ionic
condensation picture (this time, around a semi-flexible chain). The effective potential remains repulsive but
becomes strongly reduced (the charge Z is replaced by an effective value). At much stronger coulombic
coupling (multivalent monomers or counterions), the ion-ion correlations inside the condensation
overlapping shells induce an effective attraction between monomers via the ions (figure). This pure
electrostatic effect, missing in the mean-field DLVO approach, is related to the existence of phase separation
inside polyelectrolyte solutions and allows to explain experimental phase diagrams observed in
polyelectrolyte-multivalent salts mixtures.

-0.1

Effective, ion-averaged potential between monomers. At high Zm valency, the repulsion at contact increases
and then saturates due to the electrostatic condensation while an attraction appears at larger distance which
announces a phase separation.

Dymitrowska and al. (1998). J. Chem. Phys., 109 (11), 4659-4669
Dymitrowska and al. (1999). J. Chem. Phys., I l l (14), 6633-6642
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Structure and stability of spherical charged colloid and like-charged flexible
polyelectrolyte mixtures. Statistical mechanics of liquids approach

L. Belloni, M. Dymitrowska and P. Gongalves

Aqueous mixtures of globular particles (colloid) and linear flexible macromolecules (polymers) form
the basis of numerous industrials systems (paper, paint). The question is to know the limits of stability of
such complex systems toward liquid-liquid phase separation. The presence of charges of same sign on the
colloidal surfaces and along the chains increases the coupling between the different objects inside the
solution. The main difficulty in the theoretical understanding is related to the correct representation of the
polyelectrolyte component in semi-dilute regime. For that, we have used the "PRISM" statistical mechanical
model (see previous subject). Both components, colloids and monomers, interact via ion-averaged screened
coulombic DLVO potentials in exp(-Kr)/r. The monomers are connected along semi-flexible chains.

Analysis of the distribution functions, of the scattered intensity and of the effective, poly electrolyte-
averaged potential between colloids allows to elucidate the mechanisms which govern the equilibrium and
structural properties of the mixtures. In absence of charge, the entangled chains exert a local osmotic
pressure against the particles which induces a depletion attraction of excluded volume origin. The range of
the attraction is related to the correlation length of the semi-dilute network. In presence of charge along the
polymers only, the coulombic repulsion between macromolecules leads to a partial adsorption of chains in
the vicinity of colloidal surfaces and thus to an effective repulsion between particles. Lastly, in presence of
charges on the colloids also, this last effect adds and is coupled to the direct repulsion and to the electrostatic
depletion attraction. The phase diagrams present an instability region (demixion) at large colloid and/or
polymer concentration. As expected for coulombic systems, the two-phase region strongly depends on the
salinity and the charge density of the different components. The presence of hydrophobic monomers along
the chains (copolymers) broadens the stability region.

cmon=0.5M
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Pair distribution functions in the colloid-polyelectrolyte mixture. When the monomer concentration
increases, a partial aggregation of the colloids appears (short range peak in gcl>ii-coii(r)) due to the depletion
attraction imposed by the osmotic pressure of the chains.

P. Gongalces, M. Dymitrowska, and L. Belloni, (2000) submitted to J. Chem. Phys.
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Charged colloidal binary mixtures : partial structure factors
determined by small angle neutron scattering and contrast variation method

L. Belloni, V. Reus and T. Zemb in collaboration with N. Lutterbach et H. Versmold from Aachen and P.
Lindner from ILL

An aqueous, highly deionized solution of charged identical colloids classically presents a liquid or
solid order characteristic of the long range coulombic repulsion, even at low (0.1-10%) volume fraction. The
mixing of two types of colloids, of different size and charge, perturbs the two basic networks taken
separately and induces complex local correlations inside the mixture, sum of long range order and short
range demixion.

We have studied by small angle X-ray and neutron scattering mixtures of polystyrene (PS, diameter
80nm) and perfluorinated (PFA, diameter 160nm) synthesised in the laboratory. By construction, the
scattering length density in neutron scattering is very different for the two components. Thus, the contrast
variation method has allowed to measure directly the partial contributions to the scattered intensity.

For each PS/PFA composition, the scattered intensity I(q) has been measured at 4 H2O/D2O solvent
compositions. The 3 partial intensities Ips-ps(q), Ips-PFA(q) and IpFA-PFA(q) have been normalised by the
corresponding form factors to give the experimental partial structure factors SPS.ps(q), SPS.pFA(q) and SPFA-
PFA(q). which are related to the real distribution functions through Fourier transform. The very different shape
of the 3 partial curves clearly indicates that the particles are not homogeneously distributed inside the
solution and that a local segregation exists between the two components.

,'° •» - Top : scattered intensities for
different H2O/D2O compositions.

Left bottom : partial intensities

Right bottom : partial structure
factors. Symbols : neutron
scattering. Solid lines: theory
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A model of statistical mechanics of liquids, based on the Ornstein-Zernike and HNC integral
equations fits very well the different measured cross correlations and allows to understand more precisely the
local structure : the less charged PS particles induce an effective attraction (electrostatic depletion) between
bigger PFA particles which adds to the direct repulsion. The PS colloids tend to form small aggregates in the
interstitial regions between the partially ordered PFA colloids (local demixion).

Lutterbach et al. (1999) Langmuir 15 (2) 337-344
Lutterbach et al. (1999) Langmuir 15 (2) 345-352
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Deionized protein solutions : coulombic interaction and protein-counterion
coupled diffusion seen by light scattering

L. Belloni in collaboration with P. Retailleau, M. Ries-Kautt, A. Ducruix from CNRS-Gif and SJ. Candau,
J.P. Munch from CNRS-Strasbourg

Solutions of small soluble proteins with a low size and charge dissymmetry between proteins and
ions are good candidates to better understand electrostatic couplings in colloidal systems, in particular the
specific role of counterions and chemical surface sites. Lysozyme solutions have been studied by elastic and
quasi-elastic light scattering, especially in the highly deionized regime where the weakly screened coulombic
couplings are magnified. Due t the strong repulsion between proteins, the scattered intensity is very low (2
times that of pure water in some cases) and the measurements require an experimental tour de force. The
radius of the protein is 2nm while its charge Z depends on the local pH due to acid-base reactions involving
carboxylic and amine surface groups. In any case, this charge remains low (-10/+20) and thus is not hidden
behind any ionic condensation. The protein-protein structure factor S(0) extracted from the static scattering
presents strong correlations in absence of added salt and reveals the presence of an additional attraction seen
at large salinity. The translational diffusion coefficient extracted from the dynamic intensity presents non-
classical high values in salt-free cases (4 times the value of the free diffusion).

The observed results have been quantitatively explained within the primitive model of colloidal
systems (explicit description of ions, HNC equation) coupled to the charge-regulation Poisson-Boltzmann
model for the determination of the charge at the different salinities. For the dynamics, hydrodynamic
interactions have been taken into account. The whole picture is the following : in absence of salt, the protein-
counterion electroneutrality condition governs the statics and dynamics. The apparent mass of the protein is
divided by (1+Z)=1/S(O) while the mutual diffusion coefficient, equal to the "Nernst-Hartley" coefficient,
confirms that proteins and counterions must move together in order to conserve the local electroneutrality (at
the Debye length scale) inside the solution. In excess of salt, the electrostatic interactions are screened and
just remains an attraction between proteins responsible of the precipitation or crystallisation at higher
concentration. The origin of this attraction, maybe itself electrostatic via the ion-ion correlations, is still not
well understood.

•fed-7l~7^=^
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Left: structure factor inverse l/S(0). Right: mutual diffusion coefficient Dm. Symbols : light scattering data.
Solid lines : theory. The added salinity varies from 0 to 300mMfrom top to bottom.

Retailleau et al. (1999) Europhys. Lett. 46 (2) 154-159
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Study of films from diblock charged copolymers

A. A. Sonin, A. Saint Jalmes, M. Delsanti, D. Langevin Collaboration with P. Guenoun from SPEC and J.
Mays from university of Alabama USA

Thin film balance studies of films diblock copolymers films, formed by highly charged polyelectrolyte
(Poly(Styrene Sodium Sulfonate)) and hydrophobic parts, were carried out on very asjTnmetrical
copolymers: the hydrophobic part (about ten monomers) is much shorter than the hydrophilic part (several
hundred monomers). Typical variation of thickness film with pressure is given in figure 1. At low pressures,
when the film forms, the thickness measured for different sizes chains, L, is consistent with the picture of
two brushes facing each other whose polymeric chains are largely stretched (Fig. 2).

For lowest thicknesses (overlapping brushes), it appears that in a wide range of concentration and for
different L values, the pressure values of film rupture are always around 1000 Pa and the corresponding
thickness values is around 40 nm. This result is surprising since disjoining pressures are much lower than the
ones predict by the theory based on osmotic pressure of counterions. Another remarkable feature is that
unlike the behavior of brushes grafted onto solid surfaces, the variation of thickness with compression is fast
(few seconds) and reversible. Finally, it also appears that for the largest L, the thicknesses smaller than the
thickness at the formation are reached by a succession of discrete steps. This shows the existence of
configurations more favorable than interdigitazion (Fig.2).

In presence of NaCl salt, for the lowest pressures (when the film forms), the thickness of the film
remains constant and begin to decrease only at high salt concentration (0.3 M NaCl). This result is also in
favor of the picture of two brushes in interaction. The disjoining pressures of films (around 1000 Pa) are
similar with and without salt. However, with more salt the disjoining pressure falls. With 1 M of NaCl, the
film forms around 400 Pa and immediately disrupts. Note that the film thickness at formation decreases as
the salt valency increases (see figure 1).
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Fig. 1. Without salt and in presence of monovalent
and divalent salt, typical variation of film
thickness, h, from copolymer polyterbutylstyrene
(13 monomers) / polystyrene sulfonate (211
monomers) with the pressure: without salt
(circles), 0.3 M NaCl (triangles), 0.3 M CaCl2

(squares).

Fig. 2. Variation of the film thickness at the
formation as a function of the length L of the
charged part (poly(Styrene Sodium Sulfonate)
formed of N monomers: L = Na where a is the
characteristic length of a monomer (2.5 A). The
arrows represent the discrete steps thicknes
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Charged stars formed by association of charged-neutral diblock copolymers

M. Delsanti in collaboration with P. Guenoun and F. Mullerfron SPEC, L Auvray from LLB, B. Demefrom
ILL, P. Fontaine and P. Lesieur from LURE

Diblock copolymers made of a short hydrophobic part and a long charged part (Poly(Styrene
Sulfonate)) self assemble in water to form micelles. Neutron and X-ray scattering are able to probe
selectively the three main components of this system: the charged corona, the hydrophobic core and the
counterions. The charged corona is similar to a spherical polyelectrolyte brushes. Such a spherical brush also
looks like a protective layer for colloids dispersed in water.

Neutron scattering enables to probe selectively the charged corona by choosing a mixed solvent of
D2O and H2O whose proportion makes the core invisible. At high scattering vectors the signal reflects
mainly the local statistics of the chains which are found stretched (scattering close to q"1). This is confirmed
by the intermediate scattering vector behavior in q"2, which is due to the centrosymmetric average profile of
rodlike monomers ((j)(r) ~ Mr1).

By choosing the appropriate solvent, one can observe selectively the micellar cores only. In the dilute
regime, the signal scattered by the micellar cores can be successfully fitted to the scattering of a sphere at
high scattering vectors where interactions between cores are negligible. Knowing the core size, the scattered
signal I(q) at all concentrations can be divided by the form factor P(q) associated to the core to provide the
structure factor S(q) (figure). It can be seen that the maximum intensity of the structure factor undergoes a
maximum at the overlap concentration. The structure factor should allow to deduce the potential of
interaction between micelles.

From X-ray measurements it appears that the majority of counterions are in the vicinity of corona
chain. Each chain is coat by a pipe containing the counterions.

Diblock copolymer micelles provide a convenient way of studying interactions between charged
brushes.
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Structure factors below and above the overlap concentration C* ~ 2 wt%: C = C*/5 (circles), C = C*
(squares),C = C* (triangles).

F. Muller et al, Eur. Phys. J. E a paraitre

42



Alteration of glasses

O. Spalla, S. Lyonnard, J. Lambard (coll. Philippe Barboux- Ecole Polytechnique)

A long contact between water and a glass surface produces the formation of a superficial layer from
which some elements are extracted. The thickness of the layer increases with time and its composition
depends both, on the type of glass and the alteration conditions (pH, surface/volume ratio). In the case of the
French nuclear glass (R7T7) tailored in CEA Valrho, the alteration layer has been shown to present a
secondary retention capacity for the radioelements. This very useful property is not fully understood and may
be linked to the morphology of the altered layer.

Since the last five years, the laboratory has developed in situ techniques (i.e. without drying the
sample) in order to study the morphology of altered layers of glasses. To evidence elementary mechanisms
of formation of a porous layer, the glass compositions are simplified compared to the reference con- position
of R7T7. We have shown that different morphologies are obtained depending on the initial fraction of
soluble elements in the glass.

The case of a fraction above the percolation threshold has been studied first (Deruelle, 2000). More
recently, glasses where the fraction is below the threshold have been studied. The Small Angle: X-rays
Scattering experiments show that the morphology depends on the solubility of silicon, which remains the
major element of the network. For an intermediate pH (7.5) the solubility of Si is low and the pores are very
small (r=2nm) as it is shown at large Q vector in the figure below. When the solubility is higher (pH9), both
small and large pores are formed. Finally, when the solubility is high (pHIO), only large pores are produced
(r-20nm). Moreover, one can also control the equilibrium solubility of the silicon element by adding a small
amount of Zr in the initial glass composition. In this case, even for pH 10, ery small pores are obtained
v(r=1.5nm).

The specificity of our work compared to other teams in the field is the use of Small Angle Scattering
to access the morphology of the layer at a mesoscopic scale. The samples (wet powders) are prepared
following a protocol precise enough to allow a measure of the amount of interface (pores/water) at an
absolute scale. Differential scanning calorimetric is also performed on the samples. Our main objective is to
understand the invasion of water in an amorphous solid, which is partially soluble. This project requires a
close collaboration with solid chemists and simulation theoreticians.

Influence of the alteration pH on the porosity of glass grains, which have been altered during 30 days at a temperature
of 90°C. As the solubility of silicon increases (frompH7.5 to pH9), the pores becomes larger.

Deruelle and al. (2000). J. Non-Cryst Solids 261, 237-251
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Particle at the solid/water interface

O. Spalla, D. Antelmi, S. Desset

The interaction between a macroscopic surface and a colloidal suspension is an important process in
various fields including coatings (paper, paints, and encapsulated particles) or the transport of contaminants
around waste storage sites. We have studied the spontaneous adsorption of small particles onto solid substrates
by mean of Scanning Force Microscopy. The rate of coverage when the charge of both components varied has
been measured on a model systems. The substrates were sapphire (a-Al2O3) and CeOa coated mica, and the
particles were latexes with a mean diameter of 25nm. The charge of both components was controlled by setting
the pH of the solution (Antelmi, 1999). An electrostatic model taking into account the surface/particle attraction
and the repulsions between particles (both intra-layer and layer-free particle) has been developed and allows a
good fit of the experimental results.

We have also demonstrated a fundamental process of migration without desorption of small alumina
particles at the surface of a mica sheet, which constitutes an alternative to the two classical mechanisms : -
adsorption and immobilization of the particle at the point of adsorption on the substrate when the energy of
adsorption is high - absence of adsorption when the interaction with the surface is repulsive (Spalla, (2000)).
The ionic conditions in the solution able to generate the migration have been identified and the kinetics of
the resulting aggregation has been quantified. Force curves between an alumina grain and a mica sheet in
with and without citrate present in the solution have shown that the adhesion between these surfaces can be
controlled by small complexing molecules. The in-situ study by mean of light scattering (alumina layer
deposited on ljj.m thick mica and static scattering in transmission) of this phenomenon and its possible
generalization to others couple (particle/substrate) in particular from natural origin constitute the actual
direction of this project.
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The AFM image (size 15jum) shows the bidimensional aggregation of alumina particles deposited on a mica
sheet due when soaking in a complexing solution. The fractale dimension of the aggregates (1.66) obtained
by an image analysis supports an RLCA mechanism.

Antelmi and al. (1999). Langmuir, 15 (22), 7478-7489
Spalla and al. (2000). Langmuir, 16 (5), 2133-2140
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Redispersion of mineral powders in water

5. Desset, 0. Spalla, Ph. Ilekti, B. Cabane

Our main goal [Desset-Spalla-Cabane] is the transformation of a powder into an aqueous suspension.
This transformation is not as well understood, nor is it well controlled in practice. In the initial state, the
particles are held together by very strong forces (chemical bonds and van der Waals attractions). These
forces are generally not controlled. In order to separate the particle surfaces, brute force methods are used:
either a large amount of mechanical energy is applied through crushing, grinding or milling, or harsh
chemical conditions are used to dissolve the outer layers of the particles and the grain boundaries that join
them. The aim was to obtain spontaneous redispersion.

In order to control the contacts between particles in the dry state, raw powders of a - alumina were
dispersed in water by mean of ultrasounds, dried under controlled conditions, and then redispersed into
water. In order to obtain reproducible results, standard protocols were designed, (i) for preparing the surface
state of the particles, and for generating controlled interparticle contacts; (ii) for measuring the amount of
redispersed material. The results show that there are thresholds, determined by the conditions of drying and
redispersion, where all the powder goes from the aggregated state to the dispersed state. According to these
thresholds, the mechanism of redispersion in of these powders with controlled contacts, is a shift in the
balance of forces between surfaces in contact: van der Waals attractions, electrostatic repulsions and
hydration forces. We also conclude that a dissolution of a noticeable fraction of the material is not required
to obtain a spontaneous redispersion in this case. A model was built, which describes the state of surfaces,
their hydration and the interactions between surfaces; using a unique set of parameters, this model gave
accurate predictions for the redispersion thresholds observed in widely different mechanical and chemical
conditions.

A similar work [Ilekti-Cabane] has been performed on silica powders where the protection during
drying was due to small hydrophilic polymers. It has been found that the lost of redispersion is due to the
ejection of the polymer from the contact region when the polymer is in adsorption/desorption equilibrium.
To obtain a full redispersion after a complete drying, it is necessary either to reach a high coverage: in order
to leave a continuous polymeric matrix in the dry powder or to adsorb a thin but very rigid layer. This is the
last but not the least contribution of the 10 years old "Equipe Mixte" CEA-Rhodia.
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Sabine Desset: PhD 1999 : Redispersion of alumina particles in water: influence of the surface state
Philippe Ilekti: PhD 2000 : Protection of silica surfaces with an adsorbed polymer
Desset and al., submitted to Coll Surf. A
Desset and al., submitted to Langmuir
Desset and al., submitted to Langmuir
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Fast kinetics study by small angle X-ray scattering

F. Ne, F. Testard, Th. Zemb

Mesoporous materials are obtained by inorganic polymerization, in most case silica in the literature,
on the surface of direct micelles. We are interested in a very rapid -actually a precipitate- reaction leading to
a zirconia mesostructured material. To control the structure of such material, we have to determine the
relevant parameters driving the kinetics. The combined use of a stopped-flow (Bio-Logic™) apparatus, the
high flux available on the high-brilliance SAXS beamline ID2A at the ESRP and of a fast CCD camera
allows the determination of real-time nucleation and growth process of organic / inorganic liquid crystal in a
time range from 20 ms to a few seconds. This method reveals microstructural mechanisms which are the key
to synthesize mesoporous materials.

Our experiment has focussed on the first preparation step of mesoporous zirconia. Two precursor
solutions were mixed in a stopped-flow apparatus, and pushed into a 0.9 mm internal diameter quartz
capillary located in the beam path. 2D scattering patterns were recorded by using the FRELON CCD camera
connected with a fast beam shutter (FBS). This setup allows short exposure times of the order of 10 ms,
following a minimum dead time of 6 ms (aperture of the FBS). The actual readout mechanism requires a
dead time of 0.4 s before the next acquisition. The dedicated stopped-flow software allows to choose the
acquisition start time. Our strategy follows the sequence : mixing the solutions (with the lowest initial dead
time of 6 ms), acquiring data, cleaning the capilary, mixing again with a longer initial dead time, acquiring,
again cleaning, and so on.

In the final state, the typical SAXS pattern of the mesostructured zirconia exhibits Bragg peaks
which evidence the hexagonal lattice in the q-range from 0.03 to 0.6 A"1. A second feature is a broad form
factor which is produced by the zirconia precursor particles. We followed the evolution of the Bragg peaks
and of the form factor during the precipitation. The Bragg peak intensity grows, corresponding to the
formation of the hybrid material. Since in the first instants of detection, the Bragg peak is already at its final
position and its width no longer changes, the growth mechanism occurs as a continuous feeding of the
growing inorganic microcrystal. Moreover, at large angles, the patterns are superimposed, indicating that the
size of the inorganic precursors does not increase. Therefore, the solution behaves as a reservoir of micelles
and of zirconia precursor nanoparticles. The value of the gyration radius (5.6 A) obtained by fitting patterns
corresponds to 20 zirconia tetrahedra per elementary precursor. Half time reaction for ZrO2 grain size growth
was determined to be 40 ms.

This example shows that the kinetic of
reaction in organized molecular solutions is
accessible on ID2A with a resolution of 20 ms,
when equipped with a stopped-flow apparatus.
We believe that this new method offers a unique
opportunity to study fast kinetic mechanisms,
since sources of parasitic background scattering,
flux through sample, dead time in the detection
systems are easily accessible at the ESRF.

SAXS patterns are recorded from 18 ms
to 1 s, by changing the lowest initial dead-time.
The first pattern (at 0 ms) corresponds to the one
registred for the surfactant micellar solution as a
reference.
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Ne and al. (1999), ESRF Newsletter 33, p.23-25.
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Effect of an hydrophobic solute on the curvature in ternary microemulsions

F. Testard, Th. Zemb

We investigate (Testard, sous presse) the effect of a solute on water-oil-surfactant ternary
microemulsions (a) with high flexibility of the interface (nonionic single chain surfactant of the ethylene
oxide type) and (b) with rigid interfaces (cationic double chain synthetic lipid :
didodecyldimethylammonium bromide (DDAB)). As model solute, we use the hydrophobic pesticide
"lindane" (y-hexachlorocyclohexane) largely used for agricultural and pharmaceutical purposes and know
prohibited since 1997. This molecule accumulates in all hydrophobic microdomains such as fat or some
clays dispersion. Thus lindane is found in high concentration at the end of the food chain.

In microemulsions with high flexibility, we measure separately the amount of solute dissolved within
the surfactant monolayer and the average curvature of the relevant sample in order to establish a link
between these two quantities (Testard, 1998 et 1999). The solubilization in the surfactant film - by
comparison with the bulk oil - is defined as the excess of solubilization and is quantified by the interfacial
composition A, (molar ratio solute/surfactant at the interface). We compare adsorption in strongly curved
interfaces (micelles and o/w microemulsions) and in interfaces with zero spontaneous curvature. A linear
relation between the amount of solute adsorbed in the film and the induced curvature variation of the
surfactant film is deduced from phase diagram, analysis composition and small angle scattering experiments.
This linear relation is primarily set by molecular volumes.

Since bending constants are larger than kBT, solubilizing a solute in rigid microemulsion induces
sterical constraints which modify the microstructure with easily measurable effects (Testard, 2000) : (a)
variation of the antipercolation threshold (b) variation of the SAXS spectra. The antipercolation is detected
by conductivity measurements, as the microemulsion is conducting at low water content and not conducting
at high water content. The addition of the solute induces a variation of the conductivity of the solution which
can be related to a variation of the surfactant film curvature which induces a disconnection between the
locally cylindrical network (figure). Scattering and conductivity properties examined together demonstrate
that the shift in the surfactant packing parameter induced by solubilization of lindane could be rationnalized
by means of the DOC-cylinders model (Ninham, 1986).

•• •

Figure: Schematic drawn of the evolution of the connectivity of water in oil microemulsion obtained with the 2
dimension DOC-cylinders model (a) non conducting , (b) non conducting but clusters are formed, (c) conducting. The
volume fraction is constant and the packing parameter is increasing.

Testard and al. chapter "Solubilization" of "Handbook of Applied colloid and surface chemistry" edited by Pr K.
Holmberg (Wiley and Son), in press.
Testard and al. (1998), Langmuir, 14, 3175-3181.
Testard and al. (1999), J. Coll. Interface Sci., 219, 11-19.
Testard and al. (2000), Langmuir, 16, 332-339.
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Compaction of rocks

5. Lyonnard, L. Barre, D. Broseta

Sedimentary rocks are one of the most extensive fractal systems found in nature. The surface
roughness and porosity of these natural porous media are in many instances adequately described, over
length scales that may range from the nanometer to a few microns, by a single, non universal fractal
dimension Ds (2<DS<3). Ds approaches 2 for smooth, clay-free rocks, while values close to 3 are typical of
strongly argillaceous sandstones. Organic porous media, such as coals, also exhibit surface fractality. The
complex geochemical processes that lead to such remarkable self-similar properties are not yet understood.

These observations hold for dry porous media. In many practical situations, e.g., in hydrology or oil
recovery a wetting fluid (usually water) partially fills the porous medium, the other part of the medium being
occupied by a non wetting fluid (usually air or oil). Important parameters to predict transport in such systems
are capillary pressure and dispersivity, wetting fluid permeability, and the quantity of wetting fluid adsorbing
(or condensing) from an undersaturated vapor. These quantities are strongly influenced by the structure of
the underlying porous medium. Existing models used for instance in reservoir engineering predict very
specific scaling dependences with the wetting fluid content, the power-law exponents being closely related to
the surface fractal dimension of the porous medium, Ds.

Small-angle X-ray and neutron scattering experiments have been performed to characterise the
surface roughness and porosity of a natural Vosgian sandstone (called Gres des Vosges). They confirmed the
extensive fractal character of the rock : a fractal dimension Ds = 2.68 has been found over three decades in
length scales, as shown on figure 1. Moreover, contrast-matched small angle neutron scattering has allowed
the direct observation of capillary condensation of a wetting fluid into the surface irregularities of largest
curvatures. As shown on figure 2, the wet rock sample displays at low q the same power-law scattering as
that of the dry material. At large q, however, the scattering behaves in a Porod-like manner typical of flat
(smooth) surfaces. The crossover indicates the size of the pores being filled by water. It is displaced towards
lower scattering vectors when the fluid content increases.

Figure 1 : Dry rock with Ds= 6-3.32=2.68 Figure 2 : Sample filled with a contrast matched
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Nanocomposite architectures based on functionalized nanoparticles

R.M. Lisboa de Sousa, K. Baczko,, H. Perez

The synthesis and study of nanocomposite materials based on capped nanoparticles is currently a
very active field of research. The recent improvement of synthetic methods of nanoparticles allows the
elaboration of materials with nanometer scale controlled structure and composition. This evolution is
stimulated because those materials are convenient reference systems to improve the fundamental
understanding of the features of nanosized structures and are potentially involved in a wide range of
applications.

In the frame of this scope, the strategy used in our laboratory is based on the chemical
functionalization of nanoparticles by co-functionalized capping molecules. In this way, nanoparticles may be
handled like molecules as post chemical modifications of the organic crown of the particles can be achieved
by over grafting reactions. We have obtained nanoparticles bearing various organic crowns as shown below,
without significant modification of the core diameter of the particles. Depending on the molecules involved,
the over grafting reactions have lead not only to chemical but also to structural and physical modifications of
the materials. Thus it was of particular interest to prove the effect of these changes on the properties of the
nanomaterials. With that goal we began to investigate the formation of Langmuir films (at air-water
interface) and Langmuir-Blodgett films. The studies performed at the air-water interface reveal a good
agreement between the area per particle and the structural characteristics observed on the bulk material. The
Langmuir Blodgett method provided ultra thin films (from tens to few hundreds Angstrom thick) exhibiting
electrical properties strongly affected by the chemical modifications performed on the organic part of the
materials.

This work demonstrates the potentialities of nanoparticles chemical functionalization for the
elaboration of nanomaterials with controlled structures and properties.

Chemical modifications
by over-grafting reactions

Modification of chemical and physical
properties of nanomaterial

Functionalized
nanoparticle

core diameter 15 to 20 A

Inter-particle dc electrical conductivity
distance (S.cirr1)

centre to centre (A) order af magnitude

36,5 10r4

43,1 i-6

Perez and al. (1999), Chemistry of materials, 11, 3460-3463
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Salt effect on the pre-aggregation of nanoparticles

S. Lyonnard, F. Testard, Th., Zemb, collaboration with L. Belloni, J. Bartlett (ANSTO, Advanced Materials,
Lucas Heights)

The demand for advanced ceramics such as those designed for long term storage of nuclear waste
with high purity, homogeneity and well-controlled, tailored properties has led to a renewed interest in sol-gel
technology. It is essential that concentrated sols used in processing are stable for periods exceeding several
weeks, so premature precipitation does not occur prior to, or during, subsequent drying or processing
operations. In order to produce powders without aerosol during spray-drying, colloidal sols are partially
coagulated prior to use, by adding selected quantities of an aqueous electrolyte solution.

Such aggregation processes are known as engineering recipes to modify the local ultra-structure of
the colloids, and thus to control the pore size in the powders and/or gel ultimately produced by drying
operations. The gel structure can have a significant influence on the microstructure of a ceramic produced
from the gel. The concentrated colloidal solutions are dispersions of titania or mixed titania/zirconia colloids.
We have used contrast variation neutron small angle scattering experiments at the match point to
demonstrate that the nano-particles are not a random dispersion of titania and zirconia, but include zirconia
in the shape of cylindrical subunits embedded in the titania matrix (Bartlett, 1997 and 1998).

Ceramic precursor powders for producing Synroc, a multi-component titanate for immobilising high
level waste (HLW) produced during reprocessing of spent nuclear fuel, are produced by spray-drying
concentrated titania-based sols. This process involves drying atomised droplets of the sol (typically « 100
am diameter) under controlled conditions in hot air, to produce mesoporous gel microspheres with diameters
of 20 to 50 Jim and porosity exceeding 50 vol%. Such micro-spheres have a high absorption capacity for
nuclear waste and can readily absorb up to 20 wt% HLW.

The basic problem under investigation concerns the mechanism by which pre-aggregation of the sol
in the initial liquid state controls the final granulometry and porosity of the powder. We have shown that
porosoity of the final porous powder obtained decresaes when interparticle electrostatic repuslion is
screened by salt. Moreover, the obtention of afine monodisperse powder instead of a mixture of complex
shaped particles and aerosol is set by the competition between osmotic and Laplace pressure during teh spray
drying process.

8-10nm
Salt

Drying

Strong repulsion

Colloidal dropfet Screened interactions

Powder grain
10 microns

A micronic size droplet of concentrated solution of nanoparticles in a solvent of high ionic strength may
follow two routes upon drying: fragmentation in small droplets if repulsive forces dominate producing
aerosols or compact porous powder if repulsive interactions between colloids dominate.

Bartlett and al. (1993). Progress in Colloid and Polymer, 93, 239-247
Bartlett and al. (1997). Progress in Colloid and Polymer, 105, 332-339
Bartlett and al. (1998). Langmuir, 14, 3538-3544
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Surfactant Cage Molecules

A. Laplace, K. Baczko, H. Fensterbank, Ch. Larpent, Th. Zemb.

The aim of this common laboratory, created in 1995, in between the university of Versailles St
Quentin. and the CEA, is to evaluate the influence of interfacial phenomena and supramolecular self-
assembly on the selectivity of complexation processes.

In the field of "Metal-complexing surfactants", our approach involves (1) the design and the
synthesis of new surfactant cage molecules, (2) the determination of their complexation properties and (3)
the study of their interfacial behaviour and their self-aggregation. The central scientific questions an:: what is
the influence of the cage and its complexation on the aggregation properties ? Is it possible to devslop new
molecules for which the complexation properties and the "surfactant" properties, e.g. interfacial adsorption
and aggregation, can be controled independently ? Is the selectivity influenced by self-assembly ?

A new family of "two-block" surfactant cage molecules, made of one (or several) true surfactant unit
grafted to a cage, has been developed using the "surfactant synthon strategy" depicted below from reactive
sugar-based surfactants.1 This approach allows the modulation of (i) the surfactant properties via the choice
of the glucoside precursor molecule and (ii) the complexing properties via the choice of the cage (size and
nature of the heteroatoms).

Surfactant Synthon Cage Surfactant Cage

Hence, azacrown derivatives with one or two surfactant units "MAC, DAC" form complexes with
alkali cations while the tetraaza derivatives with two or four surfactant units 'TAC" give stable transition
metal complexes."" Moreover, the amidosugar arm-groups exhibit a very interesting cooperative behaviour
for the complexation of cations which are too large to enter within the cage. For example, the complexation
of europium by the disubstituted cage with octyl tails (TAC8-d) has been evidenced by fluorescence
spectroscopy.4

Structural studies by X-ray and neutron small angle scattering show that the size of the micelles
formed by these "two-block" surfactant cage molecules are not affected by the presence or not of a metallic
ion in the cage. These "two-block" surfactant cage molecules with one, two or four surfactant blocks self-
assemble into prolate globular micelles with low aggregation numbers of the order of 20 and 10 for cyclam
derivatives with octyl tails TAC-8d and TAC8-t respectively and in the order of 30 and 60 for azacrown
derivatives with dodecyl tails MAC12 and DAC12 respectively. In every case, the effective charge of the
micelle after complexation is also low, demonstrating that complexation of the target ion induces at least a
partial condensation of the counter-ion at the micelle interface.2'3

Transition Metals (Cu", Ni", Rhm) Alkali (Na+,K+, Cs+), Alkali Earth Metals

L. Retailleau and al., (1998), J. Org. Chem., 63 608
L. Arleth and al., (1997), Langmuir, 13 1887
A.Laplace, Ph. D. Thesis (1999)
C. Moulin and al., (1999), Analytica Chimica Acta, 378, 49
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Equation of state of colloidal crystals

S. Lyonnard, V Reus, L. Belloni and Th. Zemb

Diluted solutions of monodisperse latex of diameter 100 nm are an ideal model system to investigate
weak colloidal interactions of typical range hundreds of nanometers across liquids. Depending on the ionic
strength of the solution, the system forms either sols characterised by a strong liquid order, either colloidal
crystals (figure 1 right) which can exist as small crystallites or even macroscopic crystallites with up to seven
Bragg peaks. The latter case is obtained only if the latexes are very monodisperse : figure Heft shows the
form factor and a TEM picture of a system where crystalline order occurs without residual salt.
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Figure 1 : Left : Electron microscopy of a typical latex sample which crystallises in an opalescent solution
when diluted and deionised. The scattering curve (form factor) shows several oscillations which allow determination of
mass and radius independently. Risht: scattering seen for interacting spheres in the sol and crystal states.

Electrostatic interactions between charged latexes can be partially or totally screened by additional
salts in solution. The equation of state that links the osmotic pressure to the volume fraction of colloids is the
fundamental tool for studying the structure and the thermodynamics of the system. Experimentally, very
weak osmotic pressures need to be measured together with the structure at large scale : only an ultra small
angle X-ray scattering experiment coupled to a deionisation circuit with in situ control of osmotic pressures
can allow this combined measurement.

We have established the equation of state of a colloidal
crystal made of latex particles and shown that surprisingly, the
DLVO expression for the repulsion in an electrostatically
stabilised colloidal crystal is still valid when less than one added
co-ion per lattice cell is present in the crystal. The chemical
potential of the added salt is set independently of Donnan
exclusion using a dialysis membrane. Forces of the order of a
piconewton per particle stabilise colloidal crystals due to strong
electrostatic repulsions. To our knowledge, measurement of
spacings of 400 nm together with pressures of the order of one
cm of water (100 Pa) is the most sensitive experimental method
yet available to detect small changes in long range interaction
energies between colloids in water. The conjunction of the
osmotic pressure and of the X-ray scattering measurement is thus
equivalent to a balance of ultra-precise molecular force
(sensitivity < lpN per colloid). This combined set-up has been
used to investigate the effect of the addition of pentavalent ions
(figure 2), and is currently in use to determine the effect of
multivalent counter-ions.

Figure 2: Variation of the osmotic
pressure in water centimeters as a funtion
of the concentration of pentavalent ions in
the reservoir at constant volume fraction
5.5%. The line corresponds to theoretical
pressures calculated with the Poisson-
Boltzmann Cell Model.

V.Reus and al., (1999) Colloids and surfaces A, 151 449-460.
N.Lutterbach and al., (1999) Langmuir, Vol.15, No. 2 337-344.
S. Lyonnar and al., (2000) Journal of Applied Crystallography, Vol 33, Part 3, 582-586.
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Stability of mixed colloidal systems : anionic synthetic clay, surfactant and water

/. Grillo, S. Lyonnard, Th. Zemb (collaboration with P. Levitz, CRMD Orleans)

The aim of the work was to identify the conditions of insertion of inorganic colloidal particles in
lamellar surfactant phases. For each surfactant system, the adsorption isotherm and the structure of the
adsorbed surfactant layer has been characterised. Then, the partial phase diagram has been determined, to
distinguish the single phase and stable domains from the two-phases ones where dense particles aggregates
are expelled from the surfactant matrix.

The synthetic clay platelets (laponite) under investigation were monodisperse synthetic discs of
thickness 1 nm and 30 nm diameter. Three surfactant systems, an anionic one (AOT), a cationic one (DDAB)
and a nonionic one (Ci2E4 and Ci2E4) permitted the investigation of three different cases of interaction
forces. As laponite is negatively charged, we got two electrostatic systems, an attractive one and a repulsive
one; the third one was dominated by steric repulsions. The microstructures shown in the figure below have
been identified by SANS and SAXS.
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The origin and the status of the phase diagram of
suspensions of synthetic clay laponites are still under debate. Seff(q)
We have shown the existence, for these charged disk-like
particles, of a liquid-soft liquid transition mainly driven by
electrostatic repulsive interactions. The structure has been
characterised by Ultra Small Angle X-ray Scattering
(USAXS). At very low ionic strength, where the Debye
screening length is much larger than the particle diameter,
soft-solid suspensions show a correlation peak compatible 1
with long-range electrostatic stabilization. The figure shows
the effective structure factor at various concentrations. Such a
result strongly contrasts with the evolution of the scattering °'5

data for suspensions at high ionic strength (above 10"4 M),
where undercorrelations directly related to excluded-volume
interactions between the particles have been found (solid line 010

on the figure).

I. Grillo and al., (1999) The European Journal B, 10, 29-34
I. Grillo and al., Langmuir, in press.
F. Ne and al., Journal de Physique IV in press.
P. Levitz and al., (2000) Europhys. Lett., 49 (5), 672-677
I. Grillo, P. Levitz, Th. Zemb, The European Journal B, 10, 29-34 (1999)
I. Grillo, P. Levitz, Th. Zemb, Langmuir, sous presse.
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Supramolecular aggregates, interactions and instability of
extractant solutions in the presence of ions

L. Martinet, C. Erlinger and Th Zemb, in collaboration with Ch Madic and L. Berthon (CEA/ DCC)

The triple chain extractant molecules dimethyldibutyltetradecylmalonamide (DMDBTDMA) is proposed
for the next step in the technology of ion selective extraction. We have shown that this extractant
spontaneously forms reverse micelles in oil : thus, one extracted ion is not in contact with one complexa.nt
molecule, but with all extractant groups located in one nanometric polar core of a reverse micelle When the
oil solution is contacted with a concentrated solution of multivalent ions and nitric acid, this two-phases
system demixes in three phases : a diluted oil phase, a concentrated phase and the initial water phase.
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(n-dodecane)
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Figure a : schematic representation of interaction potential
between extractant's aggregates.

Figure b, c : Attractive interactions between reverse micelles
are emphazised by a decreasing extractant chain length, as
shown on these SAXS and SANS data

We have shown that reverse aggregate interact via a van der Waals potential cut-off by the sterically
stabilizing hydrophobic chains. The magnitude of the potential - once measured by combined SAXS and
SANS experiments made in the laboratory, at LLB and at ESRF- allow parameter free prediction of the
phase instability. Moreover, comparative studies of different solvents and complexing molecule chain length
have shown that using shorter chain alcanes favors sterical stabilization via a penetrating solvent mechanism
while shortening the hydrophobic chains increases the instability range.

After phase separation into two coexisting fluids, the concentrated "third phase" still produces strong
scattering, demonstrating that even the concentrated phase is the location of complex molecular structuration
at a nanometer scale.

C. Erlinger and al., (1998) Solvent Extr. Ion Exch., 16 (3), 707
C. Erlinger and al.,( 1999) Langmuir, 15, 2290-2300
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New reactions of uranium thiolate complexes

Ch. Lescop, L. Ventelon, Th. Arliguie, M. Nierlich, M. Ephritikhine

Our first studies on uranium thiolate complexes showed that in contrast to generally accepted ideas, the
uranium-sulfur bond was quite stable. The synthesis of the new series of compounds Cp*2U(SR)2 (Cp* = t|-
C?Me5) allowed us to study the reactivity of the U-S bond towards CO2, CS2 and reducing agents.

The complex Cp*2U(O2CStBu)2 is the first compound resulting from reversible insertion of carbon
dioxide into a metal-sulfur bond, while the derivative Cp*2U(S2CStBu)(StBu) is the only crystallographically
characterized uranium trithiocarbonate.

Reduction of the complexes Cp*2U(SR)2 with sodium amalgam led to the formation of the
corresponding anionic uranium (III) compounds which, by homolytic cleavage of the C-S bond, afforded the
derivatives [Cp*2U(S)(SR)]", the first complexes with a uranium-sulfur double bond (U-S = 2.4(3 A). These
results reveal that the activation and cleavage of the thiolate C-S bond, a key step in the catalytic desulfurization
processes, may be favoured by low-valent metallic species.

Cp*2U(SR)2 R = Me,'Pr,'Bu,Ph _

I Na(Hg)

[Cp*2U(SR)2] [Na(l 8-C-6)] R = Me.'Pr

CS,

CO,

Cp*2U(S2CStBu)(StBu)

^ Cp*2U(O2CSlBu)2

[Cp*2U(S)(SlBu)][Na(18-c-6)]

Lescop and al.,(1999). J. Organomet. Chem., 580,137-144
Ventelon and al.,(1999). Chem. Commun., 659-660
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First dithiolene compounds of an f-element

Th. Arliguie, M. Ephritikhine (in collaboration with M. Fourmigue (Institut Jean Rouxel, Nantes)

Transition metal dithiolene complexes have received much attention because of their structural aspects
and their transformation into new materials which are interesting for their magnetism and conductivity. The
structural flexibility, redox behaviour and paramagnetism of f-elements are prerequisite qualities for the
emergence of collective electronic properties.

The complexes (r)-C5Me5)2U(dddt) and [Na(18-couronne-6)]2[(r|-C8H8)U(dddt)2] (dddt = 5,6-dihydro-
l,4-dithiin-2,3-dithiolate) have been synthesized by reaction of Na2dddt with ("n-C5Me5)2UCl2 and (r\-
QH8)U(BH4)2, respectively. Oxidation of the cyclooctatetraenyl derivative with Ag+ afforded the monoanion
[(ri-C8H8)U(dddt)2]\ the first uranium (V) complex with metal-sulfur bonds. The crystal structure reveals the
exo-endo conformation of the dddt groups and the strong interaction between the n orbitals of these ligands and
the uranium orbitals. Magnetism measurements are being actively pursued in order to determine the origin of the
stabilization of the U(V) species in such a sulfur environment and the extent of spin delocalization on the
dithiolene ligands.

Crystal structure of the anionic uranium (V) complex [(rj-CsHs)U(dddt)2]

Arliguie and al.(2000), Organometallics, 19 (2), 109-111
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First triflate compounds of uranium (III) and (IV)

J.-C. Berthet, M. Nierlich, M. Ephritikhine

The great importance of triflate compounds of the d transition metals and 4f elements in organic and
inorganic chemistry prompted us to prepare such complexes of uranium.

The triflates U(OTf)3 and U(OTf)4 have been obtained in a classical way, by treating the coiTesponding
chlorides with triflic acid, or by following two novel routes, i.e the reactions of triflic acid with uranium metal or
the hydride UH3. These syntheses are practical and, by adjusting the temperature, the uranium (III) et (IV)
triflates are selectively isolated with yields greater than 90 %. These complexes are soluble in coordinating
solvents and form adducts with Lewis bases.

In the case of the organometallic complexes, the reactions of triflic acid are not selective. The
development of a new mehod for the synthesis of triflate compounds, by protonolysis of U-C and U-N bons with
pyridinium triflate, allowed to prepare the complexes Cp3lJ(OTf), Cp2U(OTf)2(py) (Cp = T1-C5H5) and (r\-
QH8)U(OTf)2(py) with excellent yields.

r

Crystal structures of the complexes [U(OTf)2(OPPh3)4][OTf] and U(OTf)4(OPPh3)3. Only the ipso carbon atoms
ofthephenyl rings are represented.
These two complexes are the first f-element triflate compounds with a bidentate triflate ligand.

Berthet and al., (1998). Chem.Commun., 1373-1374
Berthet and al., (1999). Eur. J. Inorg. Chem., 2005-2007
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Lanthanide borohydrides, new precursors in organometallic chemistry

5. Cendrowski-Guillaume, M. Nierlich, M. Ephritikhine

The lanthanide borohydrides Ln(BH4)3 have been known for a long time but their reactivity had been
practically ignored. We have demonstrated that these complexes are interesting precursors for the synthesis of
new organometallic derivatives. Two reactions have been used : the substitution and protonolysis of borohydride
ligands.

Substitution of the BH4 groups with organic ligands is a facile reaction. For exemple, the compound
[(COT)Nd(BH4)(THF)]2 1 (COT = r|-C8H8) has been prepared by treatment of NdCBR^ with K2COT; the
crystal structure reveals the peculiar coordination mode of the bridging BH4 ligand
(H3-H)2B(|i2-H)2 - which had been characterized only once in a cerium complex.

Protonolysis of the borohydride ligand with an acidic ammonium salt constitutes a new practical and
efficient synthetic route to cationic derivatives. The compound [(COT)Nd(THF)4][BPli4], which was obtained by
treating 1 with NEt3HBPh4, is the first cyclooctatetraenyl cationic complex of a 4f-element. Studies on the
reactivity and catalytic applications of such cationic species are in progress.

C2 C3
C4

C15

Crystal structures of the dirtier [(COT)Nd(BH4)(THF)]2 and the cation f(COT)Nd(THF)4]
+

Cendrowski-Guillaume and al., (1998), Organometallics, 17, 786-788
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Involvement of cationic and carbene complexes
in catalysis and organic synthesis

Cationic complexes

J.-C. Berthet, M. Ephritikhine, in collaboration with Moris H. Eisen et al.(Technion, Haifa, Israel) in the frame
of the France-Israel program Arc-en-Ciel

We have previously described a novel synthetic route to cationic amide compounds, by proi:onolysis of
metal-nitrogen bonds with an acidic ammonium salt. The catalytic properties of the uranium complexes have
been evaluated. The cation [U(NEt2)3]+ proved to be very efficient for the selective dimerization of terminal
alkynes.

[U(NEt2)3]+ H
R ZZZ H • V

toluene, 20 °C . /
H

The NMR mechanistic studies revealed the intermediate formation of the compound
[(Et2N)2U(C=CR)(T|2-HC=CR)]+, the first rc-alkyne complex of an f-element.

Carbene complexes

C. Villliers, M. Ephritikhine, in collaboration with Alain Vandais, SMM, CEA Saclay.

Our studies on the mechanism of the reductive coupling of ketones with low-valent titanium or uranium
complexes showed that this reaction could not be explained only by the intermediate fonnation of
metallapinacols but should involve carbenoid species. Treatment of ditertiobutylketone with the MCU-Li(Hg)
system (M = Ti, U) allowed to observe such species 'Bu2C=[M] which are relatively stable in the reaction
mixture and can be transformed into ditertiobutylmethane by hydrolysis.

—J. MCU-Li(Hg) - ^ l H2OorD2O
\=O • >=[M]

A

Berthet and al. (1998). Coord. Chem. Rev., 178-180, 83-116
Wang and al. (1999). Organometallics, 18, 2407-2409
Ephritikhine, (1998). Chem. Commun., 2549-2554
Ephritikhine and al. (1998). J. Chem. Soc, Dalton Trans., 3021-3027
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Ferromagnetic interaction in a linear Cun
2UIV complex

77i. Le Borgne, M. Ephritikhine, in collaboration with E. Riviere and J.-J. Girerd (University of Paris XI) and J.
Marrot (University of Versailles - Saint Quentin en Yvelines)

After the discovery, in 1985, of a ferromagnetic interaction within a Gdffl-Cun system, a great attention
has been paid to the complexes in which a 4f-element is associated with a 3d-transition metal.
In contrast, molecular compounds containing simultaneously paramagnetic 3d transition metal and 5f acunide
ions are very rare, and nothing is known about their magnetic behaviour.

We have synthesized a new series of trinuclear complexes of general formula [LMn(pyridine)]2M'^ (M
= Co, Ni, Cu, Zn; M' = U, Zr) in which the two metals M are associated with the metallic center M' by means of
the hexadentate Schiff base L. These are the first compounds countaining an f-element and two transition metals
in a linear arrangement.

The magnetic comparative study of the Cu2U, Zn2U et CuiZr complexes revealed the ferromagnetic
interaction within the Cu-U-Cu triad.

Crystal structure of [LCo(pyridine)J2U

cm'mor'K

Thermal dependence of %M.Tfor the Cu2U (A) , Zn2U (0) and Cu2Zr (D) complexes (left), and the difference
A = (ZyT) Cu2U - (XHT) Zn2U (right), showing the ferromagnetic interaction within the Cu-U-C triad

Le Borgne and al., (2000). Angew. Chem. Int. Ed., 9, 1647-1649
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Large calixarenes as ligands in coordination chemistry

P. C. Leverd and M. Nierlich

Calixarenes are usually made of four to eight phenolic units linked by methylene bridges into a
macrocyclic arrangement. These molecules and their substituted derivatives are widely studied for their inclusion
and complexation properties. In contrast, the chemistry of the large calix[9-20]arenes is virtually non-existent as
the detailed syntheses and purification procedures of these macrocycles have only been described recently. The
principal interest of these molecules is their ability to act as polyalkoxide ligands which sizes and coordination
features are dictated by their number of phenolic units. In this respect, calix[20]arene can potentially be
considered as an icosadentate ligand with a cavity of almost three nanometers. Such large macrocyclic
polyalkoxides have the potential not only to complex single metal cations, but to assemble several polymetallic
species inside their cavities. The use of large calixarenes as ligands could thus open the door to a new
coordination chemistry confined in the cavities of organic receptors.

The reaction of rBu-calix[12]arene with uranyl (UO2
2+) nitrate enabled us to synthesize and to fully

characterize the first metal complex of a large calixarene.

M = UO2
2+

©u

fiu

©u

2-

This dianionic complex is the first example of an organic macrocycle carrying two distinct bimetallic
units inside its cavity. The resulting arrangement of the donor atoms around the metal species is unprecedented
in uranyl chemistry. The comparison of the solid state conformation in the free ligand and in the complex - the
first to be determined in the family of large calix[n>8]arenes - shows a surprisingly limited influence of metal
coordination on the conformation of what was considered an extremely flexible organic molecule.

The encompassing of two bimetallic species in the cavity of rBu-calix[12]arene reinforces the notion that
large calixarenes can be considered as potential "cluster-keepers" and that they are highly appropriate for the
design of new metal complex architectures.

The present work was carried out in collaboration with the "Laboratoire de Chimie Industnelle" (Pr.
Lamartine, Lyon I).

Leverd and al., (2000). Chem. Commun., 493-494
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£Bu-calix[6]arene bimetallic and heterotrimetallic complexes

P. C. Leverd and M. Nierlich

Calix[4]arene derivatives have been used intensively as supramolecular ligands, mainly because their
rigid conformations can easily be substituted with a view to achieving selective metal cation complexation. The
other, more flexible, calix[n>4]arenes have been less studied although their coordination chemistry promises to
be just as rich: the high number of phenolic groups should in particular enable the complexation of several metal
cations on the same macrocycle. In this respect, rBu-calix[6]arene (H6L) can potentially be considered an
hexaalkoxide ligand that offers two distinct coordination sites in its 1,2,3-alternate conformation.

The reactions of with lanthanide triflates (La, Sm, Yb) were used to isolate a new kind of bimetallic

OH OH OH

OH OH OH
complex, [{M(O3SCF3)(NC5H5)4}2(H2L)], where the macrocycle acts as a double bidentate ligand, stabilizing a
new kind of "M(O3SCF3)(OR)2" species unprecedented in terminal alkoxide chemistry. These complexes present
an exceptional reactive feature. When treated with uranyl tetrachloride [UO2C14]

2" in pyridine at room
temperature they immediately react to afford [UfMC^NCsHs^I-LL)^] (M = La, Sm, Yb), a heterotrimetallic
complex where fBu-calix[6]arene acts as a tridentate ligand for uranium but as a monodentate ligand for the
lanthanide cation. If an alkali or alkaline-earth metal is used instead of the lanthanide, the trimetallic
uranium(VI)-uranyl complex [U{UO2C1(NC5H5)4(H2L)}2] is produced by the reaction. The formation of such
uranium (+VI) hexa-alkoxides from a UO2

2+ complex implies the activation of the uranyl U=O bond. The series
of complexes obtained demonstrates the richness of fBu-calix[6]arene coordination chemistry with f-metals and
the interest of macrocyclic polyalkoxide ligands as platforms for the synthesis of new chemical architectures
containing several metal cations.

Molecular structures of complexes [{Sm(O3SCF3)(NC5H5)4J2(H2L)] and [U{SmCl2(NC5H5)4(H2L)}2]

Leverd and all, (1999). Calix[99], Perth
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Crystal structures of f-element ion complexes with homooxa- and
homoazacalixarenes

P. Thuery, M. Nierlich

The interest presented by calixarenes for f-element (lanthanides and actinides) ion complexation is
presently clearly established. Homooxa- and homoazacalixarenes possess larger cavities than calixarenes, for an
identical number of phenolic units, due to the replacement of at least one methylene bridge by -CH2-O-CH2- or
-CH2-N(R)-CH2- bridges, respectively. The complexing properties of homooxacalixarenes havg been the
subject of some studies, but those of homoazacalixarenes have never been investigated up to now. We have
obtained uranyl and rare-earth ion complexes with some of these ligands and determined their crystal structure
by X-ray diffraction, which led to new and sometimes unexpected results.

The complex formed between the uranyl ion and trioxacalix[3]arene is exceptional since it constitutes
the first example of a trigonal coordination for this ion, which is bound in its equatorial plane to three phenoxide
oxygen atoms only (Thuery, 1999). With a large oxacalixarene containing eight phenolic units and four ether
bridges, the complexed unit is a cluster of four uranyl ions, which confirms the propensity of higher order
calixarenes to form oligonuclear complexes.

The first complexes obtained with homoazacalix[3,4]arenes and both uranyl or rare-earth (Nd3+, Yb3+)
ions show that the complexation (without added basic agent) is accompanied by a transfer of the phenolic
protons to the nitrogen atoms, the complexing moiety being consequently a zwitterion (Thuery, 2000). A close
approach of the metal cation is prevented by the positive charges of the ammonium ions thus formed. The uranyl
ion in particular is located out of the calixarene oxygen atoms array and is bound to two phenoxide oxygen
atoms only, its coordination sphere being completed by two nitrate ions. The resulting species is the only
example of a neutral uranyl/calixarene complex. Similar complexes have been obtained from rare-earth nitrates.
However, when the less bonding triflate is used instead of nitrate counter-ion, a 'sandwich^ complex is obtained
with Yb3+, in which two ligands surround the catio.

Molecular structures of the complexes of the uranyl ion with p-t-butylhexahomotrioxacalix[3]arene (left) andp-
chloro-N-benzylhexahomotriazacalix[3]arene (right, benzyl substituents omitted).

Yellow: U, red: 0, blue: C, purple: N, green: Cl.

Thuery and al., (1999). J. Chem. Soc, Dalton Trans., 3151-3152.
Thuery and al., (2000). J. Chem. Soc., Dalton Trans., 279-283.
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Structure of a molecular box obtained by
self-assembling around uranyl ions

P. Thuen>, M. Nierlich

The design of nanometric molecules or supramolecular systems presenting cavities able to specifically
host ions or small organic molecules is a subject of considerable current interest. Remarkable results have been
obtained with self-assembled supramolecular architectures held by non-covalent bonds (hydrogen bonds,
coordination bonds). Notably, the geometric constraints resulting from the special requirements of certain
transition metal ions as to the arrangement of their ligands have been used to built systems with particular
shapes.

The uranyl ion is generally surrounded by four to six donor atoms in its equatorial plane and it can
consequently be used to define the faces of a molecular box (whereas most transition metal ions are used to
provide right angle shapes). A bridging ligand possessing nearly orthogonal coordination sites can then be used
to define the angles of such a box. This is the case with a monoester derivative LH2 of Kemp's triacid (1,3,5-
trimethylcyclohexane-l,3,5-tricarboxylic acid) with which we obtained a cage molecule built from two
[(UO2

2+)L]4 rings, bound one to the other by ji-peroxo bridges (Thuery, 1999). The crystal structure of this
assemblage (containing 368 independent atoms) has been determined by single crystal X-ray diffraction. The
central cavity has a volume of about 700 A3 and it contains four organic molecules (two triethylammonium ions
and two chloroform molecules). The uranyl ions assume a double role: structural by being constituent elements
of the cage, and functional by providing hydrogen bonding acceptor sites, to which the included
triethylammonium ions are bound. This molecule is the first example of a cage presenting a large cavity and
containing actinide ions in its frame.

Structure of the molecular box
displaying the two included
triethylammonium cations. Included and
intermolecular solvent molecules and
ester substituents of the ligands have
been omitted.
Yellow: U, red: O, blue: C, purple : N.

Thuery and all, (1999). J. Chem. Soc, Dalton Trans., 1047-1048.
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NMR Cross-Polarisation when TiS > Tlp

Application to the Study of the Structure of Calcium Silicate Hydrates

F. Brunet, J-F Jacquinot (SPEC), Th. Charpentier et J. Virlet.

The Calcium Silicate Hydrates (C-S-H), which are the major constituant of Portland cement, have a
layered structure. The organization of different atoms inside these layers is still not described satisfactorily,
particularly when the ratio Ca/Si is over 1.5. As for the protons, the detailed knowledge of their posit.ons is still
lacking for all values of Ca/Si. The structural characterization of C-S-H has been began by I. Klur (Thesis, Paris)
using solid state NMR studies and is now followed in collaboration with l'ATILH (Association Technique de
1'Industrie des Liants Hydrauliques) and the University of Dijon. During this study, a very refined analysis of the
NMR data was found to lead to a significant result in NMR methodology. Indeed though the theoretical
expresssions used since about twenty years to analyse the cross-polarisation experiments are accurate,
nevertheless the way they were used thus far i ;e. by systematic applications of some hypothesis not universally
valid, could lead to erroneous conclusions.

The cross-polarisation dynamic curves are generally analysed assuming that the cross-polarisation time
constant Tis of abundant spins (ex :!H) to rare spins (ex : : Si) is shorter than the relaxation time of protons
(Tip) in the rotating frame. We have demonstrated that the reverse situation (Tis > T[P) may be expected in
inorganic materials where the protons are more remote from trare nuclei than in organics solids and where,

29

owing to molecular motions, Tip becomes very short. We have found that such situation occurs for Si in some
silica and also in calcium silicates hydrates where the knowledge of these effects has allowed a detailed analysis
of polarisation curves leading to a more accurate quantification of the various silicon sites (Q1, Q2, . ..) in C-S-
H, showing thus two different protons environments : those belonging to the interlayer and those in the external
surface of C-S-H nanocrystals whose mobility is higher. These results.are in agreement with the size of
nanocrystals measured by Atomic Force Microscopy and should allow a deeper insight into the structure and
dynamics of protonated surfaces.

Q 1

Cross-Polarisation Dynamics, Torque and Tip
 29Si for the silicon Q1 and Q2 sites for a C-S-H

(C/S= 1.05).

Brunet. (1998) J. of Non-Crystalline Solids, 231, 58-77
Klur and al. (soumis) J. Phys. Chem. B
Klur and al. A European Conference on Solid State Nucleax Magnetic Resonance, Chamonix, France, 12-16
septembre 1999.
Klur and al., NMR Applications in Earth Sciences, Cambridge (Royaume-Uni), 27-28 mars 2000
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Interaction of Calcium Silicate Hydrates (C-S-H) with alkaline chlorides

H. Terrisse-Viallis, J. Minet, P. Faucon, T. Charpentier, J.-F. Jacquinot (SPEC), J.-C. Petit

To carry on with the study on the structure and reactivity of Calcium Silicate Hydrates (C-S-H), in
progress at SCM for several years, (Ivan Klur thesis 1995), we studied the interaction of alkaline chlorides with
C-S-H to determine whether such ions could be retained by the material.

It is the subject of Helene Terrisse-Viallis thesis, conducted with the collaboration of Andre Nonat
(CNRS - Dijon University), which constituted the heart of our activity on this theme. The structure of C-S-H, the
main components of cement paste, is constituted of layers, formed by a calcium pseudo-octahedral plane
sandwiched between two tetrahedral silicate chains. The chain length is a function of the C-S-H Ca/Si molar
ratio (Klur 1998), which is itself intimately linked with the activity of calcium ions in the interstitial solution.
Some oxygen atoms, belonging to the silicate chains, carry negative charges which give the C-S-H a surface
charge, function of the solid-solution interface equilibrium (Nachbaur 1998). We tried to understand the
adsorption isotherms obtained for different alkaline
chlorides, especially CsCI, NaCl, LiCl (collaboration
with Cecile Richet, SESD). Indeed, the distribution
coefficient of the cations between the aqueous
solution and the solid, low by comparison with clays,
remains under certain conditions (high Ca/Si ratio in
the solid) constant over a very large range of
concentration (up to 1 mol/1), leading to linear
isotherms, which do not show any saturation level. In
order to characterise the mechanisms involved,
various investigation techniques were used. First, a
structural study by solid-state 29Si NMR suggested an
interfacial interaction. Then, zeta potential
measurements enabled to identify a specific
interaction of cesium with C-S-H (see figure),
whereas sodium would behave as an indifferent
cation (Viallis-Terrisse 2000). These conclusions

were in agreement with the 133Cs and 23Na NMR results, which suggested the formation of inner-sphere
complexes for cesium whereas sodium would remain hydrated at contact with the surface (Viallis 1999). In order
to model these phenomena, a thorough knowledge of both the electrical double layer at the solid-solution
interface, and the surface complexation mechanisms, is required (collaboration with Luc Belloni, SCM).
Furthermore, the proposed interpretations rely on a structural analogy with a group of clays, called smectites.

Besides Helene Terrisse-Viallis thesis, we also showed, by 27A1 NMR, and in collaboration with Ja.cques
Marchand (Laval University, Canada), the influence of cationic substitutions on the mechanisms of the
interaction between C-S-H and salts (Faucon 1999a; 1999b; 2000). In the same way, we also used X-ray
diffraction techniques (collaboration with Ghita Geoffrey, CEA/LSI and G. Collin, CEA/LLB) in order to
understand the influence of charged species on the interlayer structure of C-S-H (A. Popova).

Klur and al. (1998) "NMR Spectroscopy of Cement Based Materials" (P. Colombet, A. R. Grimmer ,H. Zanni, P. Sozzani,
Eds), Springer-Verlag, Berlin Heidelberg, p. 119-141.
Nachbaur and al (1998) J. Coll. Int. Sc. 202, p.261.
Viallis-Terrisse and al. /. Coll. Int. Sc. (soumis).
Viallis and al. (1999) J. Phys. Chem. B 103(25), p.5212.
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Spin thermodynamics in case of fast rotation at magic angle

T. Charpentier, F. Dzheparov (1TEP, MOSCOU), J.-F. Jacquinot (SPEC), J. Virlet.

Studies performed in our laboratory some years ago have shown the validity of the spin temperature
concept in the case of static samples irradiated by rf pulse trains. Nowadays the most widespread solid state high
resolution method is Magic Angle Spinning (MAS) and it is important to understand how the thermodynamical
concepts can be applied in this case. This study, which has never been undertaken is a preliminary to the
development of new MAS-NMR methods that make use of the existence of a dipolar reservoir.

One of our main results concerns the possibility to create and observe dipolar order in a sample spun at
magic angle. Although the sample rotation averages to zero the interactions, the spin evolution is governed by an

effective hamiltonian H . We have developed a theoretical model to determine the expression of H and the

influence of sample rotation on the expectation value of H (dipolar saturation; Charpentier 1998). Our approach
is based on Floquet's theorem according to which one can write the evolution operator as:

U{t,6) = P(t) exp(- Mt)p+ (o)
where P(t) is a unitary operator. H can be computed by a perturbative development in the case of dipolar
systems. It is a combination of 3-spin operators and its magnitude is proportional to the inverse of the speed
rotation ooR

We have shown that the methods developed in the past for the creation of dipolar order in static samples
are still efficient under MAS conditions. This is true for the Jeener-Broekaert sequence, for the Adiabatic
Demagnetisation in the Rotating Frame and for the thermal mixing between Zeeman and dipolar order induced
by a small rf field applied close to the Larmor frequency. In this last case the equilibrium reached after thermal
mixing as well as the dynamics of evolution toward equilibrium have been accounted for by a simple extension
of Provotorov's theory of saturation (Charpentier 1999).

New possibilities of Cross-Polarisation under MAS conditions have been explored. Protons are prepared
in a state of dipolar order and their magnetisation is transferred to the nuclei of interest by application of a small
rf field Hj such that YHJ=COR. The low value of H] can be an essential advantage in case of low 7 nuclei or when
one uses a triple resonance probe that cannot deliver large rf fields.

Charpentier and al., Proceedings of Institute of Theoretical and Experimental Physics (ITEP) seminar on spin dynamics,
1998, Moscow.
Charpentier and al., Communication Orale, 1st Alpine Conference on Solid-State NMR, 12-16 September 1999, Chamonix,
France.
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Solid State NMR methodology and spin dynamics: MQMAS and simulations

T. Charpentier, J. Virlet.

The invention of DAS and DOR methods (Llor et al. 1988, Pines et al. 1988) and that of MQMAS
(Multiple Quantum Magic Angle Spinning) (Frydman 1995) have played a fundamental role in the evolution of
high resolution NMR of quadrupolar nuclei. MQMAS is now routinely implemented in our laboratory and the
extraction of the spectroscopic constants from the experimental spectra is performed by a program developed by
us.

We have proposed a theoretical and numerical approach of MQMAS spectroscopy (Charpentier, 1998a),
the heart of which is a general formulation of spin dynamics in the presence of sample rotation (Charpentier,
1998b) works are based on a fine analysis of the so-called Floquet's theory leading to a formalism different from
the one generally adopted by the solid state NMR community. We do not introduce a space of infinite
dimension, called Floquet's space, where the time dependant problem becomes time independent. Instead we
make use of the time symmetries of the Hamiltonian to deduce a certain number of simplifications in Hilbert's
space. In this way we can construct a very powerful general simulation method. Basically this approach is very
close to the one we propose to describe spin temperature effects in samples rotating at magic angle.

On this ground we developed a general program for the simulation of MQMAS spectra and multispin
systems that we have used to study interference effects between multiple interactions (CSA + quadrupolar
interactions) in Cobalt complexes (Charpentier, 1998c). In view of the application of MQMAS to amorphous
materials we developed an inversion program for the determination of the distribution of the interaction
parameters from the experimental spectra. We first used decomposition in singular values for inversion (Angeli,
1999). Then we turned to a Maximum Entropy method which proved to be much more robust and powerful
(Carpentier, 1999).

Charpentier and al. (1998am. Phys. 109,3116.
Charpentier and al. (1998b). Reson. 132, 181.
Charpentier and al. (1998c) Solid state NMR 12, 227.
Angeli, and al. (1999) J. Phys. Chem. B 103, 10356.
Carpentier and all., Oral Communication Orale, 41st Rocky Moutain Conference, August 1999, Denver, Colorado.
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NMR structural characterisation of silicate glasses

F. Angeli, T. Charpentier, J. Virlet, P. Faucon, J.-C. Petit

The aim of this work is to have a better understanding of the relationship between the structure and the
reactivity of simplified compositions of radioactive waste glasses (refer to paper Chemical reactivity of silicate
glasses). The various experimental techniques used until now are confronted to the complexity of the glass
structure. The high resolution solid state nuclear magnetic resonance (NMR) has now become able tc bring new
data in this particular field. We studied several nuclei liable to give information both about the structure and the
reactivity of the glasses used for the confinement of radioactive waste : n B, 170,23Na, 27A1 (Angeli, 1999a). We
adapted NMR. methods to the glass permitting interpretation of new structural data (Angeli, 1999b). We
confronted our experimental results to the glass simulation through molecular dynamics (MD) in order to
improve both the NMR interpretations and the adjusting of the MD potentials (Collaboration J.-M. Delaye, D.
Ghaleb, DCC/SCD).

The two methods allowed to point out an evolution of the Na-0 distances related to the type of former
existing in the glass. A different degree of local disorder around the sodium was established in relation to its
chemical composition. We were able to understand and explain the tendencies we observed owing to the
complementary use of the NMR and the simulation (Angeli, 2000a). The arrangement between network formers
represents a second key information helping us to understand the vitreous organization. In this way, the
evolution of the angle Al-O-Si was followed according to the increase of the calcium amount in sodium
aluminosilicates glasses (Angeli, 2000b). We completed these data by the MQ-MAS NMR of the ' 'O (Angeli,
200c). The results permitted us to give to simple glasses the different bridging and non bridging oxygen sites
(figure 1) and to follow their evolution during the alteration process. Some altered glasses by H2

17O allowed to
notice preferential exchange sites (Collaboration S. Gin, DCC/SCD).

Si-O-Na
Si-O-AI

40 26 12 -2 -16 -30

Dimension MAS (ppm)

17Figure 1. "O 3Q-MAS spectrum of 14Na2O-4Al2O3-17B2Or65SiO2 glass

Angeli and al. (1999a) Proceedings of the 5'1' European Society of Glass Conference, Pragues 57-64.
Angeli and al. (1999b), Phys. Chem. B, 103, 10356.
Angeli and al. (2000a) Influence of Glass Chemical Composition on the Na-0 Bond Distance: a 23Na 3Q-MAS NMR and
Molecular Dynamics Study, J. Non-Cryst. Solids, sous presse.
Angeli and al. (2000b) Chem. Phys. Lett., (2000) 320 (5-6), 681-687.
Angeli and al. (2000c) "17O 3QMAS NMR characterization of a Sodium Aluminoborosilicate Glass and its Alteration Gel",
Chem. Phys. Lett., submitted.
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Chemical reactivity of silicate glasses

F. Angeli, J.-C, Petit, P. Faucon

Long life radioactive wastes are part of important research programs, particularly as regards the
possibility of encapsulating vitrified storage containers in the deep geological formation, hi the hypothesis of a
contact between glass and water, long term behavior models are developed to predict the rate of glass
dissolution. This approach is based on kinetic modelisation supported by leaching experimental results. The aim
of this work is to have a better understanding of the relationship between the structure and the reactivity of
simplified compositions of radioactive waste glasses. The structural characterization by NMR (Angeli, 2000)
permitted to have a better knowledge of the structure of these glasses (refer to paper NMR structural
characterization of silicate glasses). We showed that the structure of the pristine material (Angeli) might be an
essential factor in the kinetic mechanism of alteration (Collaboration S. Gin, CEA/SCD).

The Raman spectroscopy (Collaboration B. Boizot, CEA/LSI) permitted to establish tight relations
between the rate of polymerization of the vitrified network, the quantity of calcium in the pristine and altered
glasses and the resistance of the glass to alteration. In the sodium aluminosilicate glasses, diffusive phenomena
of ionic exchanges have been associated to the rate of local disorder around cations. Figure 1 shows hydrogen
and sodium profiles in the hydrated layer of glass without calcium (a) and with 10% of CaO (b). In the first
glass, an interdiffusion between the protons in the solution and the glass sodium happens with a H/Na ratio of
about one. In the lime glass, this diffusion is accompanied by the penetration of molecular water into the altered
layer which can be observed by a higher H/Na ratio (Collaboration G. Delia Mea, LNL Italy). The structural
studies show that this phenomenon is linked to "opening" in the silicate network which help the diffusion of
molecular water.
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Figure 1. Hydrogen and sodium profiles of sodium aluminosilicate glasses with no CaO (a) et 10% of CaO (b).
Glasses were leached one hour at 90°C and pH7.

Angeli and all. (2000) Chem. Phys. Lett. 320 (5-6), 681
Angeli F. and all., Influence of Calcium on Sodium Aluminosilicate Glass Leaching Behavior, J. Phys. Chem., submitted
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Interaction between ions in aqueous solutions and hydrated calcium silicates
H. Viallis, , J. Minet, P. Faucon, J.C. Petit

The structure of Calcium Silicate Hydrates (CSH), main components of the cement paste, is organised in
layers, formed of a plan of calcium atoms between two tetrahedral silicon chains. The length of the chains varies
with the Ca/Si ratio of the CSH, which itself is closely coupled with the concentration in calcium hydroxide in
the solution. Some oxygen atoms of the silicate chains are negatively charged conferring to the CSH a surface
charge, which depends on the solution chemistry. As in clays, changing the surface charge of the CSH can
modify the macroscopic properties of the material (swelling, cohesion, retention of radionuclides, durability...).
In collaboration with A. Nonat (CNRS, University de Bourgogne) and C. Richet (CEA/SESD) we have study the
interaction of salts (Cs, Na) on the CSH surface. The evolution of zeta potential of CSH, characteristics of the
surface charge have showed that the Ca(OH)z concentration controls the surface potential. Contrary with
calcium the alkaline seems not have the capacity to reverse the surface charge. At the surface of the layers,
sodium could form complexes of external sphere while the caesium would form complexes of internal sphere
(Viallis, 1999a, 1999b, Faucon, 1999a). A model of adsorption is under development to account for the
interactions between the ions and surface charged with the CSH (collaboration with Luc Belloni, SCM). This
model depends on various mechanisms. In collaboration with the laboratory of NMR of the solid of SCM, H.
Zanni (ESPCI), and Jacques Marchand (Laval University, Canada) we have showed the influence of cation
substitutions on the mechanisms of interaction of the CSH with salts (Faucon 1999b, 1999c, Faucon submitted).

The use of the techniques of x-rays diffraction (collaboration with G Geoffrey, CEA/LSI, and G Collin,
CEA/LLB) could help us to understand the structure of the interlayer of the CSH (Popova, in press).

0.001

[Ca(OH)2

potentiel
zeta (mV)

0.01 0.1

] (rrmol/l) *

A

30

20 -

10 -

o
i i \\y\ ii

L A 1 0 -

-20 -

-30 -

A
A

A
A

A

100

Evolution of the zeta potential ofC-S-Has a function of the Ca2+ concentration in aqueous
solution(OHcounter-ion)

Viallis and al. (1999a) Journal of Physical Chemistry B, 103(25), 5212-5219
Viallis and al. (1999b) British Ceramic Proceedings, 60 (1), 271 ; University Press, Cambridge
Faucon and al. (1999a) J. Am. Chem. Soc. 120 (46), 12075-12082
Faucon and al. (1999b) J. Am. Ceram. Soc., 82 (5), 1307-13012
Faucon and al. (1999c) J. Phys. Chem B, 103, (37), 7796-7802
Faucon, Delagrave Adenot, Marchand, Charpentier, Petit, "Influence ofNaCl on the interaction of Aluminum with calcium
silicate hydrates (C-S-H)" J. American Ceramic. Soc (submitted)
Popova, Geoffroy, Renou-Gonnord, Faucon, Gartner « Interaction Between Dispersants and Calcium Silicate Hydrates » J.
American Ceramic. Soc (in press)
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Device for laser-polarized xenon

P. Berthault, H. Desvaux, Th. Gautier, G. Le Goff(SPEC) et M. Petro

The NMR signal is proportional to the nuclear polarization, which is very low, even in the highest
superconductive magnets today available (-10° at 10 Tesla). A recently developed technique for increasing by
several orders of magnitude this polarization consists in using a transfer from a system largely more polarized.
The optical pumping experiment amounts to transfer the angular momentum of photons to the nuclear spins of a
noble gas.

Such an experiment has been installed in the laboratory (general scheme in Figure 1 and detail of the
pumping cell in Figure 2) to produce "hyperpolarized" xenon 129 (Desvaux, 2000). Our production rate is 0.5
bar of pure xenon in the NMR tube in 5 min. The nuclear polarization measured at the spectrometer is about
10000 times higher than the thermal polarization at 14 Tesla, as shown in Figure 3. Special coating of the NMR
tube surface lengthens the relaxation time, which can reach many hours for the gas phase (Figure 4).
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Desvaux, Gautier, Le Goff, Petro and Berthault, « Magnetization transfer between laser-polarized xenon
and protons of a cage-molecule in water », European Physical Journal Section D, in press.
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Use of laser-polarized xenon in NMR as probe
of hydrophobic molecular regions

P. Berthault and H. Desvaux

Hydrophobic regions in macromolecules are difficult to characterize by liquid-state NMR. The use of
small gas molecules such as hydrogen, methane, cyclopropane... opens the way to experiments where selective
intermolecular interaction are observed, but requires high pressures as a consequence of their low solubility.
Another way seems promising: the use of laser-polarized xenon (see previous page) as probe of these regions.

The experiment of magnetization transfer from xenon to solute protons uses the nuclear Overhauser
effect. The dipolar cross-relaxation being not very efficient, it is mandatory in such an experiment to separate its
contribution to proton peaks from that arising from direct relaxation. The pulse sequence requires thus to invert,
which is not an easy task. Indeed such an intense magnetization induces an electromotive force in the detection
coils, effect known under the name radiation damping, which tends to bring back this magnetization quickly on
the z axis. To succeed in correctly invert the xenon signal, we have proposed to combine an adiabatie frequency
sweep pulse with a field gradient (Berthault, 1999).

• 1

—j ) J f 1 1 jj T 1 V~ —i r-" —V( ^ *ll ^ » « l • " \f " — —*J"- ——^-—

0 Hz

(a) 129Xe spectra after classical 180° hard pulses. 9: small flip angle read pulse
(b) idem, after inversions by combination of a CHIRP pulse with a static field gradient. An almost perfect
inversion of the xenon signal can be observed. The signal loss arises from the fast diffusion of gaseous xenon.

A pulse sequence including not only this inversion method but also composite pulses to gain in stabilility
has allowed us to evidence a polarization transfer between polarized xenon and protons of a cage-molecule, a-
cyclodextrin (Desvaux, 2000). It is the first time that such a transfer is observed in water, where the solubility of
xenon is low.

HI HOD H5.6.6' H2.4

5.2 5.0 4.8 4.6 +.4 4.2 4.0 3.8 3.6 3.4 ppni

Hi H5

1.5 bar

^W* v*VW^v^# ( j / V V/vVVv^VMi*^

5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.S 3.6 3.4 ppm

Berthault, and al., (1999). Chem. Phys. Lett., 314, 52-56.
Desvaux, Gautier, Le Goff (SPEC), Petro et Berthault, « Magnetization transfer between laser-polarized xenon and protons
of a cage-molecule in water », sous presse a European Physical Journal, Section D.
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Characterization of protein dynamics by off-
resonance rf irradiation in NMR

P. Berthault, H. Desvaux, M. Guenneugues (DIEP) and Th. Malliavin (IBPC)

Characterization of molecular motions in proteins by NMR is the subject of numerous studies. Since
about ten years we have contributed to the development of relaxation methods using off-resonance rf irradiation,
which, thanks to their flexibility and the multiplicity of the possible measurements, have facilitated dynamic
studies (see Ref. (Desvaux, 1999) for a review). This approach has for example enabled characterization of the
internal dynamics of non-enriched peptides (Malliavin, 1999) or paramagnetic proteins (Felli, 1998), for which
no information seemed available. Moreover the use to off-resonance irradiation has opened the way toward the
exploration of conformational changes occurring in the microsecond-millisecond range (Desvaux, 1999).

Taking profit of these properties, we have proposed an approach in which the dynamical parameters (Th

T2 and exchange) are no more obtained, as usually, by derivation of relaxation curves, but directly by
measurement of the steady-state magnetization of a stable isotope in the presence of off-resonance irradiation
(Guenneugues, 1999b). The efficiency of this method is generally higher than the one in which the
magnetization decay is measured, as in the former each experiment directly contains the information about
dynamics. Particularly, it allows, in the same experiment time, to increase the precision on the Ti/T2 ratio, key
value for characterizing the anisotropic motions. The accuracy is also improved, as first the relaxation pathways
are controlled and second the biases present in all the experiments measuring the transverse relaxation (such as
amplifier power losses or inhomogeneity of radiofrequency fields) can be taken into account and reduced. The
influence of these latter effects in the classical experiments and their absence in the approach using the steady-
state magnetization have been characterized thanks to a new fine and flexible method measuring the magnetic
radiofrequency field (Guenneugues, 1999a).
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Desvaux, and al. (1999). Prog. NMR Spectrosc, 35, 295-340.
Felli, and al. (1998). J. Biomol. NMR, 12, 509-521.
Guenneugues, and al. (1999a). J. Magn. Reson., 136, 118-126.
Guenneugues, and al. (1999b). J. Biomol. NMR, 15, 295-307.
Malliavin, and al. (1999). J. Magn. Reson., 140, 189-199.
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THEMES

• Effect of the linear energy transfer on the radiolytic decomposition of water
A nanosecond pulse radiolysis study with heavy ions

• The formation of the 0~' superoxyde onion in the radiolysis of water with heavy ions
A time-resolved chemiluminescence study

• Hydrogen peroxyde formation in the radiolysis of water
Effect of the linear energy transfer (LET) on the radiolytic yield

• Radiolysis of water in alcaline solution with He2* ions
Comparison with the radiolysis by y rays and protons

• Interfaces Solid/Liquid and Solid/Gaz under Irradiation

• Stochastic simulation of radiation effects in water

• A new facility for pulse radiolysis
A linear accelerator (LINAC) of 10 MeV electrons

•> Alpha liquid scintillation for alpha-emitting nuclides
Mechanisms of energy transfer and fluorescence

• Powerful ultraviolet excitation interaction with neat water

• Ultrafast electron transfer in the methylviologen-iodide complex

• Intramolecular proton transfer in hydroxyphenylbenzotriazoles

• Cross phase modulation and artifacts in femchemistry

• Theoretical modeling of transient absorption spectroscopy in the near IR

• Relaxation dynamics of excited states in solution and in molecular films
A femtosecond study ofN,N-dimethylaminobenzylidene-l,3-indandione (DMABA)

• Excitation dynamics in solutions, films and crystals ofindandione-l,3-pyridinium betaine

• Electron Transfer and Relaxation in 9,9'-Bianthryl and asymmetric Derivatives
A sub-picosecond time-resolved study

• Fluorescence studies ofphenylated CjoPhio, CyoPhg and CjoPhefullerenes

• Photophysical and photochemical properties of rhodamine laser dyes in erthanol and
aqueous solution

• Photophysical and photochemical properties of oligometallic compounds with a Pt-Ti bond
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Effect of the linear energy transfer on the radiolytic decomposition of water
A nanosecond pulse radiolysis study with heavy ions

G. Baldacchino, B. Hickel et V. Wasselin-Trupin

The physical and chemical processes occurring in the ionisation traces following the irradiation of liquid
water with high linear energy transfer (TEL) radiations lead to very low radiolytic yields for the OH radicals

and the hydrated electrons (e~^q) which escape recombination in the spurs.

Nanosecond pulse radiolysis with ion sources is the ideal technique to study the reactions of radicals in
the ionisation traces (heterogeneous medium) and the diffusion in the bulk (classical homogeneous
chemistry). We have built a special UV-visible absorption spectroscopy set-up to perform time-resolved
experiments with the GANIL cyclotron at Caen. One can modify the temporal structure of the beam and
generate pulses of 1 ns to a few ms duration. Experiments with beam pulses of C64" (30 keV/|J.m), O8+

(50keV/)im) and Ar18+ (280 keV/|im) ions and a duration of 1 ns have been performed. Our results show a
fast disappearance of the hydrated electron in the first microsecond which is the sign of radical-radical
recombinations in the spurs. These results will be compared with those of Monte Carlo simulations, but
already it seem* that the "TEL" parameter alone is not sufficient to explain the radiolytic yields of the
radicals. The rate and the type of ion must also be considered.

The formation of the O2' superoxyde anion in the radiolysis of water with heavy
ions. A time-resolved chemiluminescence study

G. Baldacchino, B. Hickel, V. Wasselin-Trupin

The O2* superoxyde anion radical is created in the radiolysis of deaerated water with particles of high linear

energy transfer (LET). This radical anion is of a particular interest in radiobiology and radiotherapy with
heavy ions because it can be created in oxygen-free media for example in tumors and because its
decomposition via dismutation produces oxidising species such as hydrogen peroxide. Several h)potheses

have been proposed to explain the O2 formation in the ionisation traces. It is expected that the

measurement of its concentration as a function of time after irradiation will clarify the processes involved.
The studies conducted with heavy ions at high LETs are often based on the analysis of stable final products

which result from the O2' scavenging by a specific chemical species. But this method has severe draw-
backs due to the lack of specificity, to the lack of accuracy and to the impossibility to follow the temporal
evolution of its radiolytic yield.

We have developed a new method for the detection of feeble concentrations of OH' and O7 * radicals

created in the radiolysis of water, which is based on time-resolved chemiluminescence. It consists in the

reaction of O2 with luminol at pH 12 in the presence of OH' radicals which gives fluorescent molecules.

The fluorescence is collected with optical fibres and detected with a photomultiplier. Tested under irradiation
with the electrons delivered by the Febetron 707 and applied to irradiations with a pulsed beam of Ar18+ ions
at a LET of 250 keV/(xm (Cyclotron du GANIL, pulses of 10 |is to 2 ms), this very sensitive method enables

the measurement of OH' and O2 concentrations between 10"5M et 10~8 M as a function of time. The

radiolytic yields are G( O~') > 2,7xlO"8 mol.J"1 and G(OH) = 2,2xlO"8 mol.J"1.

These studies have been carried out with S. Bouffard, E. Balanzat (DRECAM/CIRIL), M. Gardes,
D. Jore, Z. Abedinzadeh (LRC, Universite Paris 5) et S. Deycard (Universite de Caen).

Wasselin and al. (2000). J. Phys. Chem. (in press); Can. J. Phys. Pharmacol, (in press)
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Hydrogen peroxyde formation in the radiolysis of water
Effect of the linear energy transfer (LET) on the radiolytic yield

G. Baldacchino, B. Hickel et V. Wasselin-Trupin

Hydrogen peroxide is produced by the recombination reaction of the OH' radicals resulting from the

radiolysis of water. At high linear energy transfer (LET), the density of the OH' radicals in the ionisation
traces is greater. The probability of recombination of the radicals thus increases with the LET. The H7O2
radiolytic yields have often been deduced from the balance of matter. In our experiments, it is directly
measured by chemiluminescence in the irradiated solutions. Moreover, we use particle beams with energies
which are sufficient to insure a constant LET, which is not always the case in the literature. We have chosen
as a chemical system an aqueous solution containing nitrite and nitrate ions which enable to scavenge the
free radicals precluding their reaction with the primary hydrogen peroxide. The H2O2 radiolytic yields have
been measured under irradiation with various LETs: gamma rays (Institut Curie), 30 MeV protons (CERI,
Orleans) and C6* ions (GANIL, Caen). Those measurements showed that TEL is not a sufficient parameter to
describe the spatial distribution of the radicals in the ionisation traces and that it is important to consider the
nature and the energy of the ionising particles to describe the ionisation traces (see figure below).
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Radiolysis of water in alcaline solution with He2+ ions
Comparison with the radiolysis by y rays and protons

G. Auclair, G. Baldacchino et B. Hickel

The radiations from the nuclear wastes in concrete containers cause the radiolysis of their very alcaline
interstitial water. To describe the effects of the alphas radiations and to determine the radiolytic yields, it
appeared judicious to perform radiolysis experiments in very alcaline aqueous solutions under irradiation
with a beam of 45 MeV He2+ ions (CERI-CNRS Orleans). The pH of the solutions was adjusted with sodium
hydroxide. A cell was built to analyse simultaneously the gases and the other final products originating from
radiolysis. At the end of the irradiations, a system of electrical valves enabled argon to be flushed into the
solution to extract and dose the evolved gases by gas chromatography on the one hand and to col lect the
solutions in view of their analysis by capillary electrophoresis and UV-Visible absorption spectrophotometry
on the other hand.

First the chemical systems have been irradiated with y rays and protons, the radiolytic yields of which
are known, in order to test the analysis methods and to verify' the linearity of the response as a function of
dose. Irradiations with He2+ ions are underway.

This work is performed in collaboration with P. Bouniol (DCC/DESD/SESD).

Irradiation cell for the analysis of the radiolysis products.
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Interfaces Solid/Liquid and Solid/Gaz under Irradiation

C. Corbel, B. Hickel, J.-F. Lucchini, C. Ardois, G. Sattonnay

One simple way of controlling irradiation in matter is to use external radiation sources, a method widely used
to understand the basic of radiation effects in solids or liquids since fifty years, but much less applied to
solid/gaz or solid/liquid interfaces.

The role of gas or water radiolysis on the long term evolution of spent nuclear fuel is still a subject of
debate, poorly understood and consequently difficult to introduce reliably in the models predicting spent fuel
evolution in stable or altered disposal conditions. One key quantity for safety assessment is the prediction of
the rates at which spent fuels release their radioactive elements, such as U or fission products in the
environment. To understand the radiolytic effects and their dependence with the nature of the emitted
radiations (gamma, beta, alpha), a straightforward approach is to complete spent fuel experiments with
model experiments on UO2 where the irradiation flux at the interfaces is controlled. Little is known and
understood about the basic reactions which are promoted by radiolysis at UO2 interfaces. The PRECCI-SP9
program aimed to bring new information on these basic processes focuses on radiolytic effects at UO2/gas
and UO2/water interfaces irradiated by ions. Its objective is to determine the radiolytic species which under
ion irradiation interact with the UO2 surface and control its evolution. Instead of using an external
radioactive source, SP9 proposes to control the irradiation conditions at the interfaces by using an ion (H+,
He2+, Ĉ ~ ...) beam delivered by a cyclotron. The irradiation geometry in spent fuel can thus be reproduced
with the He2+ (alpha) beam emerging from UO2 to penetrate into the gas or water. This method which
requires to use thin UO2 disks and high energy beams to go through the disks is new to our knowledge. It
produces non-radioactive disks and solutions which can be handled safely for various characterizations.

Using 200 urn and 300 (jm thin UO2 disks, we have designed test irradiation cells where the beam
energy at the interface can vary from 0 to 20 MeV and obtained reproducible results. They show that for a
UO2/ deionised water under irradiation the uranium release (expressed in average rate per hour of contact
UO2/eau) increases strongly by two or three orders of magnitude when the flux increases from (0.33 to 3.3)
1011 He2+ cm"2 s'1. The uranium release depends on the chemical and structural state of the surface and the
solution chemical composition at the interface.

These studies are carried out in collaboration with DCC/DRRV/SCD/LECM at Marcoule,
CEA/DSM/DRECAM/SRSIM at Saclay, CNRS/IN2P3/ CSNSM at Orsay, CNRS/CERI at Orleans and
DRECAM/CIRIL at Caen, in the framework of the 30 December 1991 law for nuclear waste research and a
program concerning The Spent Fuel Long Term Evolution (PRECCI) coordinated by C. Poinssot
(DCC/DESD).
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Stochastic simulation of radiation effects in water

G. Baldacchino.C. Corbel, B. Hickel

The modelling of irradiation effects in water aims to calculate the radiolytic yields and the reaction rates
between radiolytic species. Two types of modelling are developed. The stochastic one describes the
inhomogenous chemistry taking place at short times (< 10~5 s) along the particle tracks. The experimental
yields are then measured by fast time resolved absorption spectroscopy coupled to pulsed irradiation
(electrons, ions). The deterministic one describes the homogeneous chemistry occurring beyond (< 10"5 s)
when the species have diffused far from the particle tracks. The yields are then measured in situ or after
irradiation using various techniques (UV-visible absorption spectro-scopy, chimiluminescence, gaz phase
chromatography or mass spectrometry).

The stochastic modelling initiated with Y. Frongillo in collaboration with J.-P. Jay-Gerin and coll.
(University de Sherbrooke, Canada) to simulate proton track segments with constant £.nd small
(<50 keV/|jm) linear energy transfer (LET) is going on with B. Gervais (DRECAM/CIRIL), V. Cobut
(Universite de Cergy-Pontoise), J.-P. Patau (Universite Paul Sabatier, Toulouse III) et R. Nieminen
(Universite de Technologie d'Helsinki). The collaboration with V. Cobut and J.-P. Patau takes place in the
framework of a "Convention d'Enseignement - Recherche".

Calculations in progress concern tracks of He2+ ions. Few experimental data exist on the yields
produced by He2+ ions and most of them have been obtained using alpha radioactive source. We investigate
how the calculated yields of the primary species vary as a function of He2+ energy and linear energy transfer
as well as the chemical composition of the aqueous solution. The comparison between the experimental and
calculated yields aims to check the consistency of the experimental data obtained for the primary species.
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A new facility for pulse radiolysis
A linear accelerator (LINAC) of 10 MeV electrons

J.-C. Mialocq, G. Baldacchino et B. Hickel

One century after the first steps of radiation chemistry, the revival of this field which has been somewhat
obscured for the last decades is now real due to the needs which emerged very recently. Laboratoire CEA de
Radiolyse participates in this change by entering in a renewed building, a new facility for pulse radiolysis,
now opened to various partners (CEA operational directions, CNRS and universities). The radiation source is
a linear accelerator (LINAC) of electrons, with an energy small enough (<10 MeV) to avoid the activation of
materials, but sufficiently high for the penetration of the electrons in the entrance window and for a
homogeneous deposit of the energy in the traversed experimental medium, for example in the irradiation
cells for the high temperature and high pressure studies. One of the peculiarities of the LINAC is the 4-
magnets beam transfer line designed to choose the energy of the electrons: 8, 9 ou 10 MeV within ±15%. It
delivers charges of 50 nC in 10 ns pulses at 100 Hz, 100 nC in 100 ns pulses at 50 Hz. Pulses as short as 3 ns
can also be delivered. In the "long pulses" regime, the charges are up to 1000 nC for 5 (is at 5 Hz. The
LINAC will enable spectroscopic and kinetic measurements in absorption and fluorescence on the whole
UV-visible spectral domain with an excellent signal/noise ratio.

The radiation chemistry program will be now amplified:
- radiolysis of water and induced effects (applications to the corrosion of cooling circuits of nuclear

reactors with DRN/DTA - C3MN - and EDF),
- radiolysis of water at the fuel interface (Disposal of very long duration (EtLD, 300 years) of nuclear

wastes within the law of december 30, 1991),
- radiolysis of interstice water in concrete (with DCC),
- mechanism of energy transfer in liquid scintillators for the detection of low concentrations of a-

emitters present in the environment (with DAM).
- in the fields of living science and radiobiology, new themes are under preparation such as oxidative

damages of desoxyribonucleic avids (DNA) induced by ionising radiations on the living organisms
(DSM/DRFMC)and repair phenomena (DSV). Collaborations (Universite Paris 5) are and will be continued
in "bioradical chemistry" and in medicine on the "oxidative stress", the reactive species of oxygene and its
reactions with lipids and proteins.

The technical aspects (Specifications, tests,...) have been carried out in collaboration with M. Juillard
and M. Desmons (DAPNIA/SEA).

In order to strengthen the "Radiolysis project", our collaborations with university french groups and
CNRS have been more formally organised with the creation of a "Laboratoire de Recherche Conventionne
(LRC)" with University of Paris 5 (M. Gardes) and two "Convention d'Enseignement -Recherche (CER)"
with Paul Sabatier University of Toulouse III (J.-P. Patau) and Cergy-Pontoise University (V. Cobut) on the
one hand, and University Paris XI on the other hand.

Linear accelerator (LINAC) of 10 MeV
electrons. From the left to the right, the
electron beam, the acceleration section and
the beam transfer line.
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Alpha liquid scintillation for alpha-emitting nuclides
Mechanisms of energy transfer and fluorescence

Jean-Claude Mialocq, G. Baldacchino

The quantitative assay of alpha-emitting nuclides which are present in the environment at very low
concentrations is of importance with respect to the enforcement of the non-dissemination treatises (TNP), of
the control of the total interruption of nuclear experimentations (CTBT) and of the survey of radionuclides at
the planetary scale. It is thus necessary to have a sensitive and reliable instrumentation and protocols usable
for the treatment of a large number of samples while avoiding long and expensive radiochemical separations.

A new method for the measurement of actinides using alpha liquid scintillation has been developed.
The alpha liquid scintillation with rejection of beta/gamma background allies the advantages of a 4JI
geometry counting method with the presence of a phase-transfer molecule specific of the element within the
scintillation liquid phase. Therefore the sample preparation is considerably reduced. The major drawback of
this method is the poor intrinsic energy resolution (of the order of 300 keV for alpha energy over the range of
4 to 7 MeV), which precludes the analysis of some actinides, americium for example. It is thus essential to
improve the resolution of the instrumentation. Besides a "physical" way which consists in finding improved
detectors (hybrid photomultiplier tube or avalanche diode), a "chemical" way is explored for the
development of more efficient scintillation cocktails.

The present study is aimed at a better understanding of the energy transfer mechanisms, the formation
of the excited states of the intermediates and the build-up of the fluorescent states of the scintillator solutes
(fluors). This work is the fruit of a collaborative effort with Jean Aupiais and Ce"dric Aubert
(CEA,DAM/DIF/DASE/SRCE/Laboratoire de Chimie Analytique, Bruyeres-le-Chatel).
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Powerful ultraviolet excitation interaction with neat water

F. Gobert, S. Pommeret, G. Vigneron, J.-C. Mialocq

One of the fundamental issues in radiation chemistry is the understanding of solvated electron reactivity in a
high concentration regime. Indeed, when an ionizing particle interacts with water it creates tracks of spurs.
Inside those spurs, the concentration of primary products namely hydrated electrons, hydroxyl radicals,
H atoms and hydronium cations can reach the centimolar and even the molar range. Despite the numerous
experimental and theoretical studies of the solvation and reactivity of the hydrated electron at low
concentration, little is known about its reactivity when it is highly concentrated. This fact leads us to
develop, during 1999, a new research project which intends to create a link between femtochemistry and
radiation chemistry. We have excited a 70 pm thick water jet at 266 nm with power densities within the
terawatt per centimeter square range. As shown in the figure below (left) the transmission follows a two-
photon absorption curve up to 1 TW/cm2. Above such a high excitation power density the experimental data
points are above the theoretical curve. This is due to a partial bleaching of the two-photon absorption. In the
figure on the right we have plotted the time dependent optical density measured on a femto- picosecond time
scale after an excitation at 2.7 TW/cm2. At this excitation power density we have shown that the peak
hydrated electron concentration is within the centimolar range that is close to the estimated concentration
inside radiolysis spurs. The observed decay kinetics is very different from the one measured in classical
femtochemistry experiments. The quasi monoexponential decay observed might be due to an excess of
scavengers (OH", H", H3O

+) compared to hydrated electron.
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This work has been done in collaboration with M. Mostafavi, I. Lampre and P. Pernot (Laboratoire de
Chimie Physique, Universite Paris XI).

S. Pommeret and al. Ultrafast Phenomena 2000 (accepted).
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Ultrafast electron transfer in the methylviologen-iodide complex

S. Pommeret, G. Vigneron, W. Jarzeba, J.-C. Mialocq

The ultrafast dynamics of the excited methylviologen-iodide charge transfer complex has been investigated
in potassium iodide aqueous solutions using femtosecond transient absorption spectroscopy. Picosecond and
femtosecond time resolved studies were carried out at Saclay and theoretical studies at Krakow. After
ultrafast excitation of the complex in its charge transfer band the characteristic absorption spectrum of the
MV+* methylviologen radical cation is observed. The detailed analysis of the transient absorption indicates
that two radical pairs are formed MV+*I* and MV+"I2~*. For the latter case both the absorptions of MV+* as
well as I2~* contribute to the transient absorption observed in the 400-700 nm spectral range The total
transient absorption spectrum can be decomposed into two spectra which decay exponentially with 1 ps and
20 ps time constants. The different kinetics can be attributed to different rates of back electron transfer for
the MV+T and MV+*I2~* radical pairs. The contribution of the radical pair MV+T2~* to the total transient
absorption spectrum increases with increasing the iodide concentration.
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Time resolved absorption spectra after photoexcitation of a 1.5 M potassium iodide and 0.075 M
methylviologen aqueous solution. The induced absorption has a maximum near 605 nm and is characteristic
of the MV*' radical cation..

This study has been performed in collaboration with W. Jarzeba (Jagiellonian University, Krakow, Poland)
within the frame of a POLONIUM project.

89



Intramolecular proton transfer in hydroxyphenylbenzotriazoles

T. Fournier, S. Pommeret, J.-C. Mialocq

The chemical stability and the efficiency of hydroxyphenylbenzotriazoles as filters against UV A and UV B
solar radiations are attributed to an ultrafast absorption-relaxation implying intramolecular proton transfer in
both the excited and the fundamental states. The most studied compound of this family is TIN (see figure)
widely used in industry to protect plastics. We have studied a TIN-derivative substituted by bulky groups
containing silicium atoms (TINSi see figure) which becomes almost insoluble in water but is largely soluble
in apolar media such as the ones used in cosmetology to protect the skin from the UV A and UV B radiations
(skin aging and skin cancer). Since the existence of an ultrafast relaxation cycle is the necessary condition to
avoid any photosensitization and to have a good photochemical stability, the aim of our study was to
compare the relaxation mechanisms of the TIN and TINSi molecules and to validate TINSi as a
photoprotector.

Here after we present the results of our femtosecond transient absorption experiment of TINSi excited
either at 305 nm (UV B) or at 346 nm (UV A). The full widths at half maximum of the cross-correlation
functions were 177 fs and 96 fs respectively and the spectral resolution was about 1 nm. The model used to
adjust the experimental data in the 380-720 nm spectral domain corresponds to the excitation of the molecule
to the first excited state (enol type), an excited state intramolecular proton transfer to form the excited keto
type form of the molecule (ij = 50 fs), a non-radiative relaxation toward the keto ground state (T2 =130 fs)
and finally a back proton transfer to form a vibrationally hot enol ground state (x3 = 500 fs) that will
ultimately transfer its energy to the solvent. The lifetimes of those states are independent of the exciting
wavelength.
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at 346 nm.

This work was performed in collaboration with A. Deflandre under contract with L'OREAL.

Fournier and al. Chem. Phys. Lett. 325, 2000, 171-175
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Cross phase modulation and artifacts in femtochemistry

S. Pommeret, P.v.d. Meulen, K, Ekvall, R. Naskrecki, J.-C. Mialocq

The interaction between two ultrashort light pulses inside a dense medium such as a liquid may induce a
spectral deformation of one of the pulse by the other (cross phase modulation) or by itself (self phase
modulation). The understanding and the control of these two physical effects is very important to correctly
interpret experimental data. Indeed, whatever is the experimental method used to collect a femtochemistry
kinetics in the liquid phase, the phase modulation contribution to the kinetics cannot be neglected at first. In
order to fully understand these phenomena we have developed a research program to simulate the phase
modulation in a transient absorption experimental cell. From the simulation results, we have shown that the
undesirable effects are bigger when the pump and probe frequencies are narrower and when the cell windows
are thicker. We applied these results to our experimental setup and replaced the cell by a jet of 70 um
thickness in order to assure a negligible contribution of the cross phase modulation to the measured kinetics.
This study has been undertaken in collaboration with P.v.d. Meulen, K. Ekvall, L.E. Berg et C. Dholland
(Royal Institute of Technology, Stockholm, Sweden) and R. Naskrecki (Adam Mickiewicz University,
Poznan, Poland).
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Comparison between theory and experiments. The left figure represents the transient optical densities
measured in a pump-probe experiment using a white light continuum as the probe following excitation at
400 nm (130 GW/cm2) of a 1 mm fused silica plate. The right figure represents the theoretical transient
optical densities taking into account only the contribution of the cross phase modulation to the signal. The
agreement between experiments and theory is very good for the shape and the amplitude of the transient
kinetics.

K. Ekvall and al., (2000), Journal of Applied Physics 87(5), 2340.
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Theoretical modeling of transient absorption spectroscopy in the near IR

5. Pommeret, S. Bratos

This collaboration aimed to model the transient absorption spectroscopy in the near infrared induced by the
photobleaching of the water hydrogen bond absorption band at room temperature. We refine the theoretical
model in order to correctly interpret recent anisotropy experiments and develop a numerical algorithm to
compute the transient absorption. The main numerical problem arises from the computation of quadruple
integrals with a high precision. We have written a software that computes those integrals and that is efficient
enough to be used on any recent personal computer. We have tested this program by comparing the
numerical results with simple cases that are solved analytically. We are now applying this program to
reproduce the results of Gale and coworkers (Ecole Polytechnique, Palaiseau) on the hydrogen bond
dynamics. In this theoretical study, we use as input parameters those modeling the spectral band shape of the
hydrogen bond and those deduced from molecular dynamics studies on the frequency shift correlation
function of the hydrogen bond. None of the parameters used are adjustable. Our first results do show an
agreement between experiments and theory and are useful to correctly interpret the dynamics observed
experimentally. This study is performed in collaboration with S. Bratos and J.-C. Leicknam (Universite
Pierre et Marie Curie, Paris 7)
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Transient absorption calculation in the near IR. The parameters used are as follows:

Absorption band maximum (fundamental state): Qo = 3420 cm'1

Absorption band maximum (excited state): i i 0 = 3200 cm'1

Population relaxation constant: Tp = 0,4 ps'1

Orietanional relaxation constant: To = 0,2 ps'1

Frequency shift correlation function : f}(t) = f}0 x exp(- Tj), /?„ = 400 ps'1.

Laser pulse: /(r) = exp(- yt"\ y= 61,62 ps'1
= 1,43 ps'
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Relaxation dynamics of excited states in solution and in molecular films.
A femtosecond study of N,N-dimethylaminobenzylidene-l,3-indandione

(DMABI)

T. Gustavsson, V. Gulbinas, S. Jursenas, S. Pommeret, J.-C. Mialocq

CH3

Understanding of the fundamental processes responsible for the ultrafast nonradiative relaxation so often
observed in organic charge-transfer molecules is a very important issue in contemporary molecular
photochemistry. Femtosecond fluorescence spectroscopy using the "up-conversion" technique is very helpful
to study the relaxation of fluorescing molecules (Gustavsson et al. 1998).

N,N-dimethylaminobenzylidene-l,3-indandione (DMABI) possesses an electron donor group and an
electron acceptor group coupled by a -CH= bridge. The dipolar moment is 2,3 D in the ground state and
14,2 D in the excited state. The non-radiative relaxation via twisting following the photoinduced charge
transfer has been investigated in solution. The analysis of the experimental results in various solvents
(heptane, toluene, ethanol, dimethylsulfoxyde) and in polymeric films allows us to distinguish the different
steps of torsion in the excited state and in the ground state. The molecular dynamics along the reactive
coordinate (twisting) and along the non-reactive coordinate (solvation) have been examined. Quantum
chemistry calculations have been performed to determine the electronic structure of DMABI and its
dependency with respect to conformation, especially to understand what are the bonds involved in the
twisting reaction which leads the molecule from the excited state to the ground state via internal conversion.
We showed that the C=C double bond is weakened after photoexcitation, leading the way to an ultrafast non-
radiative relaxation via twisting. Most of the fluorescence comes from the non "twisted" conformation and
the spectral evolution reflects principally the solvation of the excited state.

Some solids constituted of dipolar organic molecules present a significant photoconductivity due to an
intermolecular charge transfer in molecular stacks and non-linear properties which confer them an interest
for applications in molecular optics and electronics. It was thus of interest to study the photophysical
properties of molecular films of DMABI and to compare them to those of the isolated molecule in a
polyvinylbutyraldehyde (PVB) matrix. In PVB matrix, the DMABI fluorescence decay is slower (in the
nanosecond time range). However a fast spectral shift is observed (280 fs), due to the relaxation of the
DMABI environment ("solvation"). In molecular films, the DMABI luminescence decay is very different,
typical of an excitonic relaxation. The decay is clearly non-exponential with a fast component in the
picosecond time range. This fast decay is correlated with a spectral shift and a narrowing of the emission
band. Those observations have been interpreted in terms of hopping and self-trapped excitons.

This study has been carried out in collaboration with V. Gulbinas, S. Jursenas and L. Valkunas (Institute of
Physics and University of Vilnius, Lithuania).

T. Gustavsson and al., (1998). J. Phys. Chem. A 103, 4229-4245
T. Gustavsson and al., (1999). J. Phys. Chem. A 103, 3969-3980
T. Gustavsson and al., (2000). Synthetic Metals 109, 169-172
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Excitation dynamics in solutions, films and crystals
of indandione-l,3-pyridinium betaine

T. Gustavsson, S. Jursenas, V. Gulbinas, J.-C. Mialocq

The relaxation dynamics of the photoinduced excited states of the Indandione-1,3-Pyridinium-Betaine (IPB)
polar molecule has been studied in various environments, in solution, in films and in crystal, by time-
resolved absorption and fluorescence spectroscopy. Following photoexcitation in solution one observes in
the femtosecond time scale an important red-shift, a depolarisation and a decay of the fluorescence intensity.
Semi-classical quantum chemical calculations have been performed to help in the interpretation. IPB can be
considered as constituted by two chromophors, indandione and pyridinium. The observations have been
explained by the relaxation of the initially populated Franck-Condon state, which has a strong and
delocalized charge transfer character, toward a second electronic state of minor energy, characterised by the
localisation of the excitation on the indandione fragment. This fast relaxation is followed by a slower stage,
which corresponds to the return to the ground state. The rate of the latter process depends upon the viscosity
of the solvent, indicating a geometrical relaxation. Moreover, the comparison of the IPB fluorescence
relaxation in solution with that observed for IPB in polycrystalline film enables to evidence the influence of
the intermolecular interactions on the dynamics of the excitonic states. The excitonic relaxation can be
described as a competition between different pathways of non-radiative recombination, via high energy
Frenkel-type excitons or via lower energy excitons with an intramolecular charge transfer.

This work has been carried out in collaboration with V. Gulbinas, S. Jursenas and L. Valkunas (Institute of
Physics and University of Vilnius, Lithuania).

Excitation dynamics in solutions, films and crystals of indandione-l,3-pyrydinium betaine

Gustavsson and al. (2000). Molecular Crystals Liquid Crystals (in press)
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Electron Transfer and Relaxation in 9,9'-Bianthryl and asymmetric Derivatives.
A sub-picosecond time-resolved study

Thomas Gustavsson, Martin Jurczok, Jean-Claude Mialocq

Biaryls belong to a well-studied class of organic compounds characterised by an electron transfer (ET) in the
excited state. Especially interesting are derivatives of 9,9'-bianthryl (BA), where ET is accompanied by
symmetry breaking.

BA I C9A

BA with two identical anthracene moieties possesses a vanishing dipole moment if the symmetry is unbroken
as in the ground state. In polar solvents, the formation of the excited charge transfer (CT) state with unequal
anthracene moieties from a symmetric locally excited state, was proposed to be induced by the fluctuation of
the solvent dipoles in a one-dimensional solvation model. On the other hand, the spectral relaxation observed
in transient absorption experiments in nonpolar solvents was attributed to the torsional relaxation around the
single bond linking the anthracene moieties and described by a one-dimensional twisting model. A two-
dimensional model involving both torsion and solvation was also proposed to explain the change in the
visible transient bands in nitrile solvents.
In order to reassess the problem, we now present results from a time-resolved study using the fluorescence
upconversion technique as well as UV and visible transient absorption of BA and its asymmetric analogue 9-
anthryl-carbazole (C9A) in two alcohols (ethanol and butanol). In C9A, like in BA-derivatives with broken
symmetry, the ground state dipole moment differs from zero, and the solvation shell is already prepolarized.
This should lead to an increased formation rate of the excited CT state in the one-dimensional solvation
model. Such a behaviour does not fully account for the kinetics that we measured and in particuliir for our
observation of two strongly different time scales in the speclxal changes. These changes include a previously
unobserved sub-ps component which is not connected with electron transfer. We propose a two-dimensional
model involving three molecular states.

This work is developed in collaboration with Martin Jurczok, Wolfgang Rettig from the Humboldt
University of Berlin (Germany) and Pascal Plaza, Monique M. Martin and Yves H. Meyer from the
University of Paris XI, Orsay.
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Fluorescence studies of phenylated C70Phi0, C70Ph8 and C70Ph6 fullerenes

M. Schwell, T. Gustavsson, J.-C. Mialocq

The use of fullerenes as biological vectors of molecules in biological tissues is considered promissing. A
great deal of efforts have been devoted to the synthesis of new derivatives to increase their solubility in
aqueous solution. As part of a study of their photophysical and photochemical properties, we studied the
emission and excitation spectra of the fluorescence of C7oPhi0, C70Ph8 and C70Ph6 in toluene. The
fluorescence quantum yields have been measured using quinine bisulfate (excitation wavelength 360 nm)
and rhodamine 6G (excitation wavelength 470 nm) as standards.

C70Phio/toluene

The first absorption transition of C70Phi0 occurs at 470 nm with a small oscillator strength. The emission
spectrum of C7oPhlo covers the 450-650 nm region with a maximum at 487 nm and a shoulder at 512 nm.
The 800 cm"1 Stokes shift shows a minor intramolecular relaxation of the first excited state. The shape of the
300-500 nm excitation spectrum of the C70Ph10 fluorescence is independent of the observation wavelength
and very similar to the absorption spectrum. Moreover, the ratio of the excitation spectra obtained at two
different fluorescence observation wavelengths, 488 and 525 nm, is constant. The fluorescence quantum
yield remains the same when the solution is excited at 360 nm (<DF = 2.0±0.5)% or at 470 nm
(OF = 2.5 + 0.5)%. Non radiative processes, intersystem crossing to the triplet state Si—>Ti and/or internal
conversion Si—>So are efficient in the deactivation of the C7oPhio fullerene in toluene. These observations
show also that the C70Phi0 fluorescence arises from a single fluorescent state and that upon excitation to a
higher excited singlet state the relaxation does not populate other excited states than the fluorescent state.
The fluorescence lifetime measured at 550 nm upon photoexcitation at 295 nm is (1.08±0.02) ns. This value
and the <$>F —TF/T0 equation give the radiative lifetime To = (43±10) ns which indicates a feeble oscillator
strength of the radiative Si—»S0 transition, reminiscent of that of the first absorption transition.

C70Phg/toluene

Contrarily to C70Phi0, the fluorescence spectrum of the C70Ph8 sample presents an unusually complex shape,
a first band between 460 and 560 nm and a second band starting at 580 and continuing over 800 nm with two
well resolved maxima at 622 and 680 nm and a shoulder at 750 nm. The excitation spectrum of the C70Ph8

fluorescence measured at 619 nm is similar to the absorption spectrum, but that obtained when the
fluorescence is observed at 490 nm is very different. In fact the first fluorescence band of the C70Ph8 sample
is similar to the fluorescence spectrum of C7oPhiO. Moreover the fluorescence spectra of the C7oPh8 and
C70Phi0 solutions are identical when the excitation wavelength is 488 nm. We conclude that the C70Ph8

contains C7oPhlo as impurity. This hypothesis might be on line with an incomplete purification of C70Ph8

after its synthesis from the C70Cli0 decachlorofullerene which might also produce the totally substituted
C70Ph10 decaphenylfullerene.

C7oPh<;/toluene

The excitation spectrum of the fluorescence of C70Ph6 observed at 733 nm and the absorption spectrum are
identical between 300 and 700 nm. The first absorption transition occurs at -725 nm. The fluorescence
spectrum (ktK = 355 nm) presents a maximum at 735 nm and a shoulder at 800 nm. The Stokes shift is only
200 cm"1. Our estimation of the fluorescence quantum yield is (OF= 2.1+1.0)%, due to the difficulty of the
correction for the spectral response in the 650-825 nm wavelength region.

This study is part of a collaboration with R.V.B. Bensasson (Museum dHistoire Naturelle, Paris) and
S. Leach (Observatoire de Meudon) within the framework of two european networks "Evaluation of the
biological properties of fullerenes and new fullerenes derivatives or BIO-FULLERENES" and "Usable
Fullerene derivatives: Synthesis, Stabilisation, Spectroscopy and Systematics".
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Photophysical and photochemical properties
of rhodamine laser dyes in ethanol and aqueous solution

S. Dare-Doyen, F. Beganton, J.-C. Mialocq

The aim of our study of the photophysical and photochemical properties of rhodamine laser dye5 is to use
water as a solvent instead of ethanol while keeping a good laser efficiency. Ethanol is the solvent of choice
for rhodamines solubilisation but water would be better for several reasons:

- the small variation of the refraction index with temperature,
- the good properties for heat transfer,
- the risk of fire of alcohols.

New water-soluble rhodamines synthesised by substituting the chromophore with hydrophile groups
have been studied. It is necessary for example to avoid dimerisation which is often effective at low
rhodamine concentration.

The UV-visible absorption spectra and the molar extinction coefficients at the maximum of the
absorption spectra of those rhodamines have been determined. Their absorption and fluorescence spectra are
red-shifted when the degree of substitution increases. The Stokes shifts are of the order of 20-24 nm. The
fluorescence quantum yields have been compared using rhodamine 6G and rhodamine 101,H+ as
fluorescence standards.

Rhodamine 123
i abs e -. ~kmax =512nm

= 5 3 2 nm

cpF
Rm,= 0,99 ±0,04

Rhodamine 575
i abs c, okmax =518nm

= 542 nm

< 5 7 5 = ° ' 9 5 ± 0 ' 0 4

Rhodamine 6G

= 5 3 ° nm
Anax = 5 5 3 nm

<PRh6G= 0,96 ±0,03

This study was performed in the framework of a DSM/DCC collaboration (SILVA project). Moreover, the
inter-DO PhD thesis of S. Dare-Doyen is close to the end in collaboration with D. Doizi (DCC/DPE),
Ph. Milli6 (DRECAM/SPAM), F. Pilard and B. Perly (SCM).

Poster communication:
New water soluble rhodamines.
S. Dare-Doyen, D. Doizi, G. Guillaume, Ph. Guilbaud, Ph. Millie, J.-C. Mialocq, Colorchem 2000, Prague,
14-18/05/2000.
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Photophysical and photochemical properties
of oligometallic compounds with a Pt-Tl bond

M. Maliarik, J.-C. Mialocq, T. Gustavsson, S. Pommeret

Formation of stable heterometallic complexes with a metal-metal bond between oxidising and reducing metal
centres is unusual and appears only in a few transition metal compounds. These complexes exhibit a rare
type of metal-to-metal charge transfer (MMCT) transition attributed to direct but polar metal-metal bonds
(Mred-Mox). Such compounds incorporating transition (Pt) and main group (Tl) metals bound with a non-
buttressed Pt-Tl bond can be obtained by the reaction between platinum and thallium in their stable forms,
either Pt(II) and Tl(III) or Pt(IV) and T1(I). Altogether four binuclear species represented by the general
formula [(NQsPt-TlCCN),,.!]'11"1*" (n=l-4) and a trinuclear complex [(NC)5Pt-T]-Pt(CN)5]

3" are in equilibrium
in aqueous solution.

Electronic absorption spectra are dominated by MMCT transitions arising from the Pt-Tl bonding.
Upon irradiation into the corresponding optical bands, those heterometallic compounds undergo
photoinduced electron transfer between the coupled metal cations. This results in the cleavage of the metal-
metal bond and a redox reaction yielding T1(I) and various complexes of Pt(IV) or Pt(III) as products. The
first results of the continuous photolysis study of those complexes in aqueous solution show a poor
photochemical stability. A mechanistic interpretation of the photoinduced redox reactions has been
presented.

This study has been carried out in collaboration with Julius Glaser (Royal Institute of Technology (KTH),
Stockholm, Sweden) and Mikhail Maliarik (Kurnakov Institute of General and Inorganic Chemistry,
Moscou, Russia) within the framework of a co-operation agreement, INTAS-96-1162 on "Electron Transfer
Processes in Light-Harvesting Oligometallics".
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PERSPECTIVES

The very diverse competences of SCM in chemistry and physical chemistry imply that it
stands as a key-unit to implement a policy aiming at reinforcing these disciplines within CEA. The
importance for its general missions is from now on fully acknowledged. These disciplines stay at the
crossroads of diverse scientific thematics and of numerous applications, which the CEA has the duty
to maintain and to develop. From a fundamental viewpoint, the cross-fertilization between the
chemical sciences, physics, and to a lesser extend biology is continuous at CEA. These
interdisciplinary collaborations are notably illustrated by the participation of SCM to several national
networks (for example, CEA/CNRS GDRs such as « FORMES », « PRACTIS » or « NOMADE »)
or to European networks, in which specialists from various horizons interact. These interfaces,
already subject to numerous collaborations, must be encouraged in the years to come, all the more as
the CEA scientific context is exceptionally favourable, notably at Saclay. The development of
multidisciplinary research programmes, which valorizes experimental apparatus, the investigation
and characterization tools as well as the big instruments of CEA (or those to which CEA
participates) remains a priority for the Service. In this perspective, the creation of the « Laboratoires
de Recherches Correspondants » with our university colleagues, which leads to the intermingling of
teams around instruments set-up on the Centre of Saclay, stands as a priority.

Thus, the study of the ultra-divided matter and of the properties (both physical and chemical)
of molecular architectures, the synthesis of which constitutes one of the specialities of SCM, as well
as the implementation of sophisticated solid state NMR techniques for the investigation of materials
of interest to CEA, involve a close collaboration with physicists. In order to take advantage of the
competences and technical means existing within DRECAM, and more generally DSM, the
collaborations between chemists and physicists, already numerous, will be developed. In this field,
the implication of teams from SCM in priority programmes of the CEA, on the basis of their
competence in fundamental research, will continue to be encouraged as well as the implementation
of new external partnerships (industries, European Union, etc.).

The bio-organic chemistry of cage molecules, the use of hyperpolarized gases (i29Xe), the
development of the NMR methodology in liquid phase as well as molecular modelling constitute
valuable assets in order to deepen collaborations with biologists, mainly within the frame of the joint
NMR laboratory (DSM/DSV). The SCM has recently started, with its partners of DSV, an in-depth
reflexion aiming at the redefinition, on a new basis, of the future of this laboratory. What is at stake
is to go far beyond the sharing of the constitutive means of the « NMR technical platform » in order
to constitute, around some motivated scientists assigned by both Directions, a true mixed team who
will be responsible for exploring a thematic field of common interest. This reflexion is in progress
and should reach a successful conclusion around the end of the year 2000.

The interface between chemistry and the geosciences, which has recently found expression
by actions in the field of chemistry of ultra-divided matter, will continue to be explored. The CEA
may find a useful positioning, as a consequence of its specific competences, in the national research
plan of action, notably about important questions for the environment such as colloidal transport of
matter or the solid/solution interactions and the fate of trace elements at these interfaces.

The orientations which are more specific to each of the Groups may be analysed in the
following way :

Chemistry & Supramolecular Assemblages

The Group of Chemistry and Supramolecular Architectures, recently created, aims at developing
its activities toward three goals :
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• The achievement of supramolecular architectures displaying original physical properties: self-
assembled structures of amphiphilic cage molecules, usable for the specific transport of
hydrophobic molecules in aqueous media and conducting bidimensional structures.

• The molecular electronics, seen as a possible route for future electronics, tackled in a
pluridisciplinary manner by a conjunction of nanofabrication techniques, new molecules
systhesis, and manufacture of components; the detailed investigation of the molecule-metal bond
as well as paths for the controlled positionning of molecules, of nanoparticles, of carbon
nanotubes or of biological material on mineral surfaces will be strengthned.

• The use of cage molecules of the cyclodextrin family as selective carrier of active substances
with pharmacological and cosmetic interest, or of heavy ions which are either toxic or
radioactive, for the body removal of toxic heavy elements (e.g. uranium) or the vectorisation with
the aim of medical diagnosis.

The Group will attempt to reinforce its internal cohesion around a prospective reflexion
about the use of biological or bio-organic material to induce a controllable order on a mineral
surface. This reflexion will be part of the concerns of CEA in the fields of ultimate electronics,
biochips and radiobiology.

Chemistry of Ultra-Divided Matter

This Group will have the following objectives during the next few years :

• The maintenance at a top level of its competences and its means for the physical and theoretical
characterization of colloidal systems.

• Centring on the major issues concerning the control of forces being exerted between colloidal
objects in the liquids as well as problems of strategic interest for the CEA and accessible by
collaborations. Indeed, our knowledge of the forces between self-assembled molecular systems
remains, essentially, founded on the basic DLVO theory proposed by Derjaguin and Landau fifty
years ago, which is clearly to re-examine, in directions suggested by Ninham and Parsegian. Our
programmes thus aim at establishing equations of state (pressure-structure-temperature) in well-
defined model systems and over the greatest possible range of compositions. From this
fundamental common subject, arise practical cases which are of interest for the missions of the
CEA:

0 Formation of porous gels by corrosion of glasses,
° Supramolecular organization of systems for the ionic sorting,
° General model for the solubilization of molecules in complex solutions.

The principal difficulty of this Group results from a significant reduction in its manpower
these last years (dependent in particular on the ending of the CEA/Rhone Poulenc mixed team and
on internal redistributions) which led it to stop or to put in sleep several significant research topics
(forces between double-layered glycolipides, determination of phase diagrams at ESRF,
solubilization and environmental issues). An association in the form of the Franco-German Group of
Research (GDR) should make it possible, if the reciprocal access to the experimental facilities is
effective, to maintain our fundamental competence and to deal with problems of interest for the
nuclear field. The next challenge to take up by all of the Group aims to the development of an
extractant system based on thermoreversible oligopeptides complexants, in response to a call of
proposals from the Haut Commissaire Cabinet.
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As underlined in a recent report of the Academy of Science, the organized molecular systems
(or complex fluids in the Anglo-Saxon denomination) will remain in the heart of the problems of the
CEA, even on the assumption of a diversification of its research missions (new technologies for
energy, etc.). Let us simply think: of the artificial photosynthesis or the selective solubilization of
toxic species, which cannot be understood without a comprehension of the organized molecular
systems. In addition, a whole chemistry still remains to be developed: sonochemistry in divided
media, which shares with photochemistry the property of selective excitation or the transformation
of toxic molecules without creation of secondary waste.

Molecular and Structural Chemistry

In coordination chemistry and crystallochemistry, the researches of the Group will
concentrate on three aspects :

• The investigation of physical properties, in particular magnetic ones, of heterobimetallic
complexes combining uranium with a tansition metal (Fe, Cu, Co, Ni, etc.).

• The synthesis and structure of new uranium and lanthanide complexes, in unusual coordinations
or oxidation states. We will in particular investigate complexes involving metal-sulphur bonds
(dithiolenes).

• Extraction molecules of the functionalized calixarene type, in particular for the complexation of
uranium m.

In the various research directions, we will endeavour to systematically compare the chemistry
of 4 f and 5 f elements, in particular analogous complexes of uranium III and lanthanides HI, from
the viewpoint of synthesis, structure, reactivity and physical properties. These fundamental
researches aim at building within CEA the knowledge basis in the « differential chemistry » of those
elements which could be used for many applications. In the current context, the immediately
identifiable relevance of this work relates to the setting up of new complexing molecules: for the
advanced separation of actinides and lanthanides (or the optimization of known complexing systems
made possible by the understanding of basic mechanisms).

In the field of liquid phase NMR, the use of hyperpolarized gases (i29Xe) which is now well
mastered by the Group, with world class results, will allow to tackle three categories of applications
linked to the study of complex molecular systems:

• The structural investigation of proteins having hydrophobic cavities (in particular, of biological
molecules used for lipid transport in collaboration with the « Centre de Biologie Mol6culaire »,
CBM, at Orleans) as well as cage molecules of the modified cyclodextrin type. The latter may
be, among others, used for drug vectorisation.

• The use as tracer of blood flow for the investigation of brain ischemia (in collaboration with the
«Institut de Chimie des Substances Naturelles », ICSN, at Gif-sur-Yvette).

• The investigation of materials with great specific area by solid state NMR (zeolites, mesoporous
systems, etc., in collaboration with the «Institut des Matdriaux » de Nantes).

Solid state NMR and associated methodological developments, applied to inorganic
materials, will remain an important activity of the group, for which the new 500 MHz Spectrometer
(and its specific probes), a particularly performant tool, has been acquired in 1999. The aim of this
work will remain to contribute to the elaboration, on materials of interest to the CEA, of the body of
fundamental knowledge (structures, molecular or ionic mobilities, etc.) needed to understand the
basic mechanisms of their behaviour in real conditions, especially for long time spans. This applies
for example to silicate glasses (family to which nuclear glasses belong), hydrated calcium silicates
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(major constituents of hydraulic binding materials) and minerals of the apatite class which could in
the future serve as high performance matrices for the incorporation of certain long-lived
radionuclides.

Radiation chemistry

The radiation chemistry Group will pursue the investigation of the primary processes of the
interaction of radiation with matter, particularly in liquids and at liquid-solid interfaces, in close
collaboration with its partners at CEA, CNRS and University. The start of operation of the 10 MeV
electron LINAC allows to gather the human means around this efficient tool both in pulse radiolysis,
to carry out spectroscopic and kinetic investigations, and continuous radiolysis to analyse the final
products with the efficient analysis techniques developed at the laboratory: UV-visible absorption
spectroscopy, fluorescence (uranyl analysis, scintillators), chemiluminescence (hydrogen peroxide,
O2"), gas phase chromatography (hydrogen). For the other sources of radiation, investigations will
continue to be carried out in collaboration with the GANIL/CIRIL for heavy ions (and within the
frame of the LRC with the university of Paris V, at the CERI of Orleans for protons and alpha
particles and at «Institut Curie » for the gammas of cobalt).

The greatest thematic effort in radiolysis should apply to the three following points:

• The effects of linear energy transfer (LET), temperature and pressure on water radiolysis. It is
envisaged to initiate radiolysis investigations in supercritical water at the nanosecond scale and
to extend them at the picosecond time scale on ELYSE at Orsay. Simulation of radiolysis in an
homogeneous medium will be continued at the laboratory with CHEMSDVIUL.

• The Monte Carlo simulation in an inhomogeneous medium before the occurrence of species
diffusion will be fully effective within the frame of the «Convention d'association pour
l'Enseignement et la Recherche» (agreement for teaching and research) signed with the
university of Toulouse HI and the university of Cergy-Pontoise.

• New investigations in the field of life sciences, particularly on radio-induced damage to DNA
and on repair phenomena, will be launched thanks to the arrival in the laboratory of two
additional scientists as early as the end of 2000, in collaboration with DSM/DRFMC and DSV.

Thus with the programmed stop of the laser chain SOFOCKLE at SCM, and its transfer to
SPAM as soon as possible, the Group will resolutely change its research thematics towards
radiolysis so as to give a critical size to this team in a field where partnerschips are on advantage.
The pursuit of researches at short times (typically nanoseconds) could require the limited use of the
laser chains of DRECAM. Moreover, a close collaboration with the Laboratory of Physical
Chemistry of the university Paris-Sud at Orsay will allow us to carry out investigations in
picosecond radiolysis on ELYSE.

Opening of SCM towards the outside world

Moreover, the traditional opening of the Service on the outside world, whether it deals with
other directions of CEA, other scientific bodies (CNRS, Universities, Engineering Schools) or with
industrial circles must be maintained, and even amplified in well targeted fields where the
competences of SCM are specific and acknowledged. The trends considered are the following :

1/ Within the CEA, the competences of SCM should be mobilized whenever possible in order to help
our colleagues of the applied operational Directions to solve « hard points», linked to fundamental
research issues, in the management of their programmes. SCM scientists already have this approach,
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at general satisfaction, with most other Directions within the frame of PhDs and of post-docs sharing
financial support from both CEA and industry. They also participate to networks (such as the GDRs
PRACTIS and NOMADE for the management of the end of the nuclear cycle) or to specific research
actions. In the near future, the anchoring of the programmes of the CEA Laboratory for Radiolysis in
the concerns of the other operational Directions, will be sought. Moreover, the actions in progress
pertaining to the management of the nuclear cycle (reprocessing, separation of actinides from
lanthanides, interim storage and final disposal of nuclear wastes) will continue to be encouraged. In
particular, a more important effort, might be made, if it is financially supported, for the investigation
of fundamental properties of coordination chemistry, which would enable us to better understand the
differences in behaviour between actinides and lanthanides, and then to exploit them at an industrial
level. In the same way, the effort made to bring a contribution to the CEA programme « electronics
of the future », in particular in connection with the technical plateform « PLATO, will be cimplified
if a close cooperation with an industrial partner (see point 2) can be set up. This step, very fruitful
when it remains under control, must be developed, while the autonomy of fundamental research
concerning the choice of its principal thematics, of its working methods and of its planning will be
maintained. These two courses of action are needed in order to prepare the future, on one hand, and
to produce world class scientific results, on the other hand.

2/ Toward the outside of CEA, the SCM will continue to seek partnerships with industrialists in all
fields where it is possible to help to solve important problems, notably with proper consideration of
the « market pull», without sacrificing the excellence of the fundamental research, which remains
our central mission. Even if such actions can naturally contribute, in a significant manner, to the
financial support of research, the mind opening and the emergence of new issues which these
contacts bring with different « horizons » from those of academic research, are most important for
the dynamics of research. In the near future, traditional contacts of SCM will continue to be
encouraged: biomedical, environmental, and food industry applications of cyclodextrins, study of
physico-chemical properties of dispersed matter (notably with Rhodia) water radiolysis in nuclear
civilian and military facilities. Moreover, new partnerships will be encouraged. For example, a
vigorous action is currently undertaken in order to set up in the field of the (molecular) « electronics
of the future » a concerted action with Motorola, which could take the form of a joint laboratory
with a significant size located at Saclay. Finally, the SCM explores the possibility to mobilize its
competences and its means in order to set up a multipartner research programme on the body
removal of uranium, which is a major problem of radioprotection.

3/ The close relationship of SCM with the CNRS will be maintained within the frame of the
URA331. We shall prepare in the next two years, with our partner, a laboratory project which will
aim at giving a new breath to the involved teams. It is too early to sketch the guidelines of this
project but SCM considers that no taboo exists for the reflexion that we must conduct: in psirticular,
the scientific thematics of a new unit to be created beyond 2002 could be deeply renewed, the
perimeter could be different (significantly broadened ?) and a supplementary partner could be
involved. This important task will be opened just upon the conclusion of the Scientific Council in
October 2000.

4/ The linkage of the Service with universities will remain a strategic axis of our scientific policy in
the near future. This evolution introduced by the general Ministry of Research-CEA-Universities
agreement of the 21st of may 1997 may be amplified with the more specific agreements signed by the
general management of CEA with most French universities. The SCM has always been very close of
its university partners, especially when a short distance fostered it (Orsay, Paris in particular). This
bringing together thus consists, for part of it, in a well advanced formalization of links, informal yet
often tight, that has already existed for a long time. But the point is to go beyond by proposing to our
university colleagues, within the frame of especially adapted «Conventions d'assocation pour
I'Enseignement et la Recherche », a volunteering action which would build a long term partnership.
For our organizations have a shared interest in putting together our forces and resources for both
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teaching (participation of CEA scientists may be increased significantly) and for training by research
(training periods at different levels, PhDs, post-docs). In particular, the number of PhD students,
who are essential for the scientific life within laboratories, has significantly decreased these last
years due to the national policy. This trend must be corrected.

Finally, the SCM will continue to resolutely tread in a policy aiming at obtaining external
financings by submitting its research projects to all relevant entities at national (Funds and
incitement actions of the ministry in charge of research or of other public authorities) and
international (European programmes principally) levels. This policy, of course, has the aim of
loosening the constraints which weigh on our budgets, probably in a lasting manner. But it also aims,
and this point is essential, at fostering all opportunities of bringing into contact scientists of SCM
with other circles than « academic » ones liable to acknowledge, and to emphasize the interest of
their researches. In this context, the fact of recognizing the increasing demands of the society
towards science leads the SCM to strongly encourage the implementation of a Quality system,
adapted to fundamental research, and based on the DSM Quality standard.
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PUBLICATIONS

• Articles published in peer-reviewed journals

• Articles presented and published in conferences
(with peer review)

• Communications and proceedings published

• Books and chapters of books

• Invited review articles

• Reports

• Articles for popularization
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••• Teaching activities

• Patents or licences
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• Doctoral dissertations at SCM

• Organisation of conferences or summer schools

••• Invited conferences

*t* Scientific awards

• Participation to the GDRs of CNRS

• Research contracts

••• European networks

• Communications

• Members of the Scientific Council of CNRS

••• Members of experiment committees

•> Members of commissions of CNRS, CEA or other organisations

• Various evolution activities

130



Teaching activities

• Course of statistical mechanics
Federal DEA "Chemistry and organisation"
Doctoral school on physical chemistry for Paris-centre
20 hours - year
given by L. Belloni

• Training courses for preparation of the "agregation" on "Process engineering"
Engineer School (3rd year)
Paris School of Mines
6 hours - year
given by L. Belloni

• Course on X-ray scattering
School of Garchy
1 hour 30 - year
given by L. Belloni

• Course for DESS of Civil Engineering
University of Cergy-Pontoise (3rd year)
4 hours - year
given by P. Faucon

• Course on corrosion of materials
University of Cergy-Pontoise (2nd year)
30 hours - year
given by P. Faucon

• Course of Physical chemistry of emulsions
Paris School of Mines (2nd year)
3 hours - year
given by O. Spalla

• Course of nuclear magnetic resonance
University of Clermont-Ferrand (2nd year)
3 hours - year 98/99/00
given by E. Souli6

• Course on the history of science (chemistry)
University of Versailles-St Quentin-en-Yvelines (1st ann£e)
32 hours - year (including guided work)
given by J.-C. Petit

• Course in the field "Science-technology-society
Engineering School (2nd year)
Nantes School of Mines
3 hours - year
given by J.-C. Petit
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• Course on experimental methods
Federal DEA « Chemistry and organisation"
Doctoral school on physical chemistry for Paris-centre
12 hours - year
given by Th. Zemb

• Course of Inorganic Chemistry
University Paris-Sud-Orsay (2nd year)
20 hours - year
given by C. Riviere

• Course of physico-chemical processes "States of matter"
Engineering School (2nd year)
Paris School of Mines
6 hours - year
given by L. Belloni

• Course on "condensed matter"
Statistical physics - Equilibrium and structural properties (3rd year)
DEA Chemistry and organisation - University of Paris VI
12 hours-year 98/99/00
given by L. Belloni (Correspondent of INSTN - Coaccredited establishment for DEA)

• Course of organic chemistry and of physical chemistry
University Paris-Sud-Orsay (Is1 and 2nd year)
50 hours - year
given by H. Viallis-Terrisse

• Course of Nuclear Magnetic Resonance
IUP of Applied Chemistry
University of Rennes (3rd jrear)
20 hours - year
given by F. Pilard and B. Perly

• Course of Nuclear Magnetic Resonance
University of Rennes (DESS of chemistry)
40 hours - year 99
given by F. Pilard

• Course of Chemistry
University of Orleans - I.U.P. Applied Chemistry
2nd cycle-3 r d year I.U.P.
20 hours - year
given by F. Pilard

• Seminar on "Small angle X-ray and neutron scattering"
D.E.A. « Condensed Matter »
University Pierre et Marie Curie and INSTN
6 hours - year
given by F. Testard

• Course on physical chemistry of thin films
E.N.S. Cachan (3rd year)
3 hours - year
given by F. Armand
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• Course on the historic development of atomic and quantum physics
E.N.S. Cachan (3rd year)
3 hours - year
given by F. Armand

• Course of Chemistry
University of Versailles (2nd year)
18 hours - year
given by V. Hue

• Course on Radiolysis
DEA Radioelements, Radionucleides, Radiochemistry
University Paris-Sud-Orsay (3rd year)
12 hours -years 98/99/00
given by B. Hickel

• Seminar on Physical Chemistry
University Paris-Sud-Orsay (1st year)
21 hours 3 0 - year
given by J. Imbach

• Course on Physical Chemistry
Training for agregation in chemistry (3rd year)
E.N.S. Cachan
9 hours - years 98/99
given by S. Palacin

• Course on organic mono-and multi-films
DEA « Condensed matter, Chemistry and Organisation"
University Paris XI
6 hours - years 98/99
given by S. Palacin

• Course on colloidal chemistry
Engineering School (2nd year)
Paris School of Mines
3 hours - year
given by O. Spalla

• Course on close-field microscopy
DESS Surface Engineering
University Paris XI (3rd year)
15 hours - year
given by J.-P. Bougoin

• Mechanical behaviour and scale effects
INSTN (3rd year)
45 hours - year
given by C. Corbel

• Course on how to understand and use radiations
Thematic School of CNRS
La Londe les Maures
9et 15juin 1999
Given by B. Hickel
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• Pratical training
DEA Analytical chemistry
University of Paris VI
48 hours - year
given by G. Auclair

• Course on radiation scattering in polymer solutions and gels
Catholic University of Louvain, Louvain-la-Neuve, Belgium
4 hours - year
given by M. Delsanti

• Course for senior management staff in the fiield "Science-Technology-Society"
"New cultural and social stakes of research"
115 hours - year
given by J.-C. Petit et al.

Patents or licences

• H. Perez, F. Armand, J.-P. Pradeau «Detection film of a chemical species, chemical sensor
and their manufacturing process». CEA patent Fr 98 11196 filed on 08/09/98.

• F. Martin, J.M. Nunzi, S. Palacin, B. Mouanda, J.P. Bourgoin «Formation process of a
network of semiconducting islands on insulating substrate». CEA patent Fr 98 02769 filed on
17/12/98. Extension to the USA in progress.

• C. Roselli, B. Perly «Inclusion complexes in cyclodextrins of organic isothiocyanates».
CEA patent Fr 98 03961, filed on 31/03/98.

• F. Djedaini-Pilard, Q. Michon, J.-P. Dallbiez, B. Perly, B. Rousseau, P. Barrier
« Solubilisation of fatty acidsand of their derivatives by formation of inclusion complexes with
cyclodextrin and their use in pharmaceutical, cosmetic or food products*. CEA patent Fr 99
02881, filed on 09/03/99.

• R. Auzely-Velty, F. Djedaini-Pilard, B. Perly «Amphiphilic cyclodextrins, their preparation
and use to solubilize organized systems and to incorporate hydrophobic molecules». CEA patent
Fr 99 05460 filed on 28/04/99.

Editors of magazines or journals

Associate editor of "Applied Geochemistry" : J.-C. Petit

Selectors of "Bibliographic Notebooks for Organometallic Chemistry" : Th. Arliguie and
M. Ephritikhine

Radiation Physics and Chemistry - specialty : radiation chemistry in the nuclear field : B. Hickel/
Regional editor
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Doctoral dissertations

Dissertations defended in 1998

C. ERLINGER - Defence on 24.07 at University of Paris XI
Toward a physical interpretation of third phase phenomenae in liquid-liquid extraction : application to the
DIAMEX process for reprocessing high activity radioactive wastes

C. KERGUERIS - Defence on 17.12 at University of Paris XI
Electric transport through a metal-molecule-metal junction

I. GRILLO - Defence on 14.12 at University of Paris XI
Insertion of anisotropic particles in lamellar tensioactive phases

C. HENRY- Defence on 29.04 at University of Paris XI
Production and characterisation of a mixed material in ultra-thin films made of cellulose and conducting
polymers

C. PEAN- Defence on 13.11 at University of Paris XI
Synthesis, conformational analysis and evaluation of the biological properties of vectors based on
cyclodextrins carrying a peptidic antenna

J.-P. PRADEAU - Defence on 20.11 at University of Paris XI
Electric features of thin films and gas sensors with conductivity variation : from purely organic materials to
nanocomposite architectures

M. DYMITROWSKA - Defence on 16.11 at University of Paris XI
Description of static and structural properties of flexible polyelectrolytes. Approach through the statistical
mechanics of simple liquids

S. CHERFA - Defence on 10.12 at University of Paris XI
Structural investigations of the complexation of uranyl and of ions by calixarenes functionalized by CMPO

L. LEVY - Defence on 17.12 at University of Paris VI
Synthesis, characterisation and investigation of the physical properties of CdMnS nanoparticles : effect of the
reduction of dimensionality in magnetic semiconductors

A, TALEB - Defence on 15.07 at University of Paris VI
Organisation of nanoparticles in two and three dimensions : synthesis and specific properties

Dissertations defended in 1999

N. FELTIN - Defence on 12.01 at University of Paris XI
Influence of the size on the magnetic interactions Mn2+- Mn2+ within nanoparticles of Cdi_yMnyS

S. DESSET - Defence on 22.10 at University of Paris VI
Redispersion of alumina particles in water : influence of the surface state

A. LAPLACE - Defence on 19.11 at University of Versailles Saint-Quentin-en-Yvelines
Complexation and micellisation of a surface-active cage-molecule

V. HUC - Defence on 26.11 at University of Paul Sabatier, Toulouse
Production and investigation of thin films of polyphtalocyanins grafted on a solid substrate
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J.-F. HOCHEPIED - Defence on 17.12 at University of Paris VI
Nanocrystals of cobalt and zinc mixed ferrites : evolution of the magnetic properties in terms of site:
occupancy

D. INGERT- Defence on 01.02 at University of Paris VI
Synthesis and optical properties of II-VI semiconductors at nanometric scale

Dissertations defended in 2000

P. ILEKTI - Defence on 14.01 at University of Paris VI
Redispersion of colloidal silica particles.

Q.-T. HUYNH - Defence on 03.04. at University of Paris VI
Comparison of simulation tools of molecular dynamics with those of NMR : an investigation based on NMR
data pertaining to a protein fragment and eight mutants

V. TRUPIN-WASSELIN - Defence on 11.07. at University of Paris XI
Primary processes in radiation chemistry of aqueous solutions. Influence of the Lineic Energy Transfer
(LET)

Dissertations in progress

M. GOSNAT - University Paris XI
Chiral separation by modified cyclodextrins

S. WEISSE - Universite Paris XI
Conception and applications of modified cyclodextrins as transdermic vectors

I. BONDKOWSKI - University XI
Spectroscopic investigations of charge carriers in coloumnar liquid crystals

T. LE BORGNE - University Paris XI
Synthesis, structure and magnetic properties of hetero-bimetallic complexes joining uranium and a transition
metal

M.L. CALVO-MUNOZ - University of XI
Chemical sensors of aromatic monocyclic hydrocarbons

F. ANGELI- University VII
Structure-reactivity relationship during the aqueous weathering of silicate glasses : analogy between a
nuclear glass and a basaltic glass

H. VIALLIS-TERRISSE - University de Bourgogne, Dijon
Interaction of salts with hydrated calcium silicates, principal constituents of cement

C. RIVIERE - University Paris XI
Investigation of the selectivity of extraction polynitrogenous molecules for the separation of lanthanides and
trivalent actinides

A. NGO - University Paris VI
Synthesis of magnetic nanoparticles of colbalt ferrite with vacancies : control of sizes and polydispersity

G. AUCLAIR - University VI
Determination of radiolytic primary alpha yields in alcali medium; application to the radiolysis of concrete
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S. DARE DOYEN - University of Orl6ans
Synthesis and characterization of high yield dyes which are soluble in water

J.-F. LUCCHINI - University Paris XI
Influence of radiolysis on the weathering kinetics of irradiated fuel. Modelling and experimental verification

A. RAYNAL - University VI
Disperses bilayers of catanionic rigid surface-active agents

J. MINET - University Paris XI
Temperature behaviour of hydrated calcium silicates

J. IMBACH - University of XI
NMR investigation of the local order and of the ionic mobility in disordered crystal matrices : the apatites
substituted by alcalis, rare earths or silicates and their solid solutions

Organisation of conferences or summer schools

Co-organisation of the « Ninth Journees d'Etudes de Chimie sous Rayonnement (JECR 1998) » -
Bonascre, 21-26 June 1998 (B. Hickel)

Member of the Program Sub-committee « Lasers in Chemistry, Biology and Medicine » of the European
Quantum Electronics Conference EQEC'98, Glasgow, UK, 13-18 September 1998 (J.-C. Mialocq)

Member of the local Scientific Committee of the sixth International Conference on the methods and
Applications of Fluorescence Spectroscopy (MASF6), Paris, 12-15 September 1999 (J.-C. Mialocq)

Co-president of the Journees d'Etude de Chimie sous Rayonnement (JECR 2000), Houffalize, Belgique,
20-27 may 2000 (B. Hickel)

Member of the French Organisation Committee of the French-Italian symposium « Photobiology 2000 »,
Aix-les-Bains, Savoie, 26-27 may 2000 (J.-C. Mialocq)

Co-organisation of the sixth European Summer School for PhD students « Light, X-ray and neutron
scattering for investigation of colloidal systems », Bombannes, Gironde, France, juin 2000 (B. Deme,
Th. Zemb)

Co-organisation of an European workshop common to European Synchrotron Facility and Institut Laue-
Langevin « Frontiers in small angle scattering », Grenoble, february 1999 ( B. Deme, Th. Zemb, O. Diat)

Co-organisation of an European workshop common to European Synchrotron Facility « Fast detection
systems », Grenoble, february 2000 (B. Deme, Th. Zemb, O. Diat)

Summer school of CEA/Valrho on « Glass : scientific research for a high performance confinement",
Mejannes-le-Clap, 31 august - 7 September 1997 (J.-C. Petit)

Summer School of Laboratoire Pierre Sue (CEA/CNRS) on the analysis by ion beams (J.-C. Petit)

General Secretary of the « International conference on stable isotopes and isotope effects », Carry-le-
Rouet, Bouches-du-Rhone, 21-25 June 1999 (E. Soulie)
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Invited conferences

• Gordon Research conference, Barga (Italie), 1999
« Chemistry and Physics of Cement-based Materials »
P. Faucon (chairman of session on Modelling,)

• Crace Company (leader producer of additives in the USA and in Europe), Boston, USA, 1999
« Contribution of NMR to cements »
P. Faucon

• CRIB, University of Sherbrooke (Canada)
« Contribution of NMR to the investigation of cementing materials »
P. Faucon

• Workshop « Fast Structural Changes », Grenoble, 2000
Stopped-flow S AXS characterisation of a mesoporous precipitate
F. Ne

• GECOM-CONCOORD 99, Landerneau, 19 may 1999
A new look on the MacMurry reaction thanks to the uranium complexes
M. Ephritikhine

• First French-Israeli Workshop in Catalysis, Paris, 21 december 1999
New advances in organouranium chemistry with amide complexes
M. Ephritikhine

• NMR : A tool for biology, Institut Pasteur, Paris, 2-4 february 1998
Off-resonance rf irradiation for heteronuclear relaxation measurement
H. Desvaux

• Bruker NMR Conferences, Obernai, Bas-Rhin, 27-30 September 1998
A glance at the possibilities offered by off resonance radiofrequency fields for structural and dynamic
investigations
H. Desvaux

• Franco-German NMR Conference II, Obernai (67), 27-30 September 1998
Coherence transfer between nuclear spins in paramagnetic systems : Effects of nucleus-electron dipole-
dipole cross-correlation
H. Desvaux

• Hyperpolarized gases in Magnetic Resonance : Biomedical investigations and clinical applications,
Les Houche (74), 21-25 juin 1999
Laser polarized xenon for liquid state NMR : dissolution, relaxation and interaction studies
P. Berthault

• UVX 98, 4th Colloquium on UV, VUV and X coherent sources. Recent applications and developments,
Collonges la Rouge, 6-9 October 1998
Photochemistry and photobiology at the femtosecond time scale
J-C Mialocq

• 6th International Conference on the methods and applications of fluorescence spectroscopy (MAI FS6),
Paris, 12-15 septembre 1999
Investigation of femtosecond chemical reactivity by means of fluorescence up-conversion
J-C Mialocq
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• Bioenergetics seminar, CEA/Saclay, DBCM/ Bioenergetic division, 7 June 1999
The LINAC project of the CEA Radiolysis Laboratory. A new tool for pulsed radiolysis
J-C Mialocq

• International Symposium « Biophysics : Frontiers for the new century », Bethesda, may 1999
M. Dubois, Th. Zemb

• Conference on Isotopic and Molecular Processes, 23-25 September 1999
Overview of uses and needs of separated isotopes
Edgar Soulie (with M. Couairon, J. Laizier and A. Alberman)

• Conference « Mixing clays and surfactants lamellar phases », Bayreuth, august 2000
Th. Zemb

• Mainconference, oral communication from the 19!h to the 23rd October 1998, and long stay from
30 november until 18 december 1998, « Workshop », « Electrostatic effects in complex fluids and
biophysics »
L. Belloni

• Course « Colloidal interactions »,Thematic School, Galerne 2000 « Structural cohesion, order and
models of organisation », 24 - 29 September 2000, le Cap d'Agde
L. Belloni

• Plenary communication at the conference « Interactions, structure and phase behaviour of colloidal
dispersions » organised by the Royal Society, London, UK, 25-26 October 2000
L. Belloni

Scientific awards

Prize of the vectorisation - GTRV/Rhone-Poulenc
Christophe Pean, december 1999

Prize of the young scientist - Conseil Regional de Bretagne
Rachel Auzely-Velty, June 1999

Participation to GDRs of CNRS

GDR FORMES « Neutral particles and polymers » in 1999 (O. Spalla, F. Ne, F. Testard, A. Raynal, Th.
Zemb, M. Dubois, L.Belloni)

GDR NOMADE « Interfaces solid/liquid and solid/gas under irradiation : radiolysis effects » (C. Corbel)
(O. Spalla)

GDR 1115 PRACTIS headed by Charles Madic
« Physical chemistry of actinides and other radioelements in solution and at interfaces » (J.-C. Berthet,
M. Ephritikhine, M. Nierlich, P. Leverd, P. Thuery)
« Formation of radicals and of unstable oxidation states resulting from the solvent radiolysis induced by
actinides. Influence of water radiolysis on the dissolution of UO2» (B. Hickel, F. Testard, Th. Zemb)
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• GDR 1017 PREL «Dynamics of elementary reaction processes in liquid phase» Operation 5,
Intramolecular charge transfer and ultrafast relaxation processes (T. Fournier, T. Gustavsson,
J.C.Mialocq, S. Pommeret)

• FRENCH-GERMAN GDR «Complex fluids in dimension two and a half» (2000-2004), 13
participating teams at Saclay, Orsay, Paris, Toulouse and Montpellier on the French side (Th. Zemb) and
Berlin, Munich on the german side (H. Moehwald)

• GDR PRACTIS coordinated by Ch. Madic, (F. Testard, Th. Zemb)

• EUROPEAN NETWORK PARTNEW (F. Testard, Th. Zemb),

• GDR 692 Colloid in Interaction, workshop-school «Interaction forces between colloidal particles »,
Garchy, Nievre, 17-20 april 2000 (Luc Belloni, Monique Dubois)

Research contracts

• S. Lyonnard : Institut Francais du Petrole

• P. Berthault: SANOFI, Montpellier, Counsil on modern NMR techniques

• J.-C. Mialocq : Annual « action file » DSM-DCC/DPE : Photophysical investigation of laser dyes
(AVLIS)

• J.-C. Mialocq, S. Pommeret, T. Fournier : L'OREAL. Laser ultrafast spectroscopic investigation of
desactivation processes of compounds of the benzotriazole family with an intramolecular hydrogen bond

• Catherine Corbel: Research program on the long term evolution of irradiated fuel packages, PRECCI-
SP9

• Bernard Hickel: Principal investigator on the radiolysis of water to be used for cooling the first lining of
the future controlled fusion reactor (Program ITER)

• Bernard Hickel: File EDF/CEA on water radiolysis

European Networks

BIOFULLERENES. Evaluation of biological properties of fullerenes and fullerene derivatives.
Contact number : FMRX-CT98 0192
J.-C. Mialocq correspondent within the MUSOBS group

Communication and popularisation

• Opening of CEA to the general public «Visit spot» on NMR (H. Desvaux)

• Actualite chimique, N°5 mai 1999, Physico-chemistry at SCM
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• La radiolyse de l'eau, B. Hickel, Clefs CEA, N°43, spring 2000, 21-23

• « The week of science », open doors on the 10 and 11 October 1998, Visit n°l 1 « Laser femtosecond
kilohertz source » (J.C. Mialocq, S. Pommeret, G. Vigneron, T. Fournier, J. Bondkowski)

• Forum TRIUM between several Enginnering Schools (Mines, Ponts et Chaussees, Techniques
Avancees), Paris, 2'-25 november 1998 (S. Pommeret)

• « The week of science », open doors on the 234 and 24 October 1999
Presentation of the source « SOFOCKLE » (J.C. Mialocq, S. Pommeret)

• Radio broadcast, Radio-France International, Maison de la Radio,on the occasion of the award of the
Nobel prize of chemistry to Ahmed Zewail, Thursday 14 October 1999 (J.C. Mialocq)

• Television broadcast (FR3) presented at the television news Ile-de-France of France 3, Sunday 24
October 1999 (J.C. Mialocq, S. Pommeret)

• Participation to an article in « Science Actualite » Cite des Sciences, november 1999. « Ahmed ZewaiL
le pionnier de la femtochimie » (J.-C. Mialocq)

• Participation to an article in « Sciences et Avenir », november 1999, p.34. « Les Nobel 99. Chimie
A. Zewail », (A. Zewail, J.C. Mialocq)

Members of commission, committees and working parties (CNRS, CEA and other
scientific organisations)

• J.-C. Mialocq
Laser Me"gaJoule working group (CEA - University of Bordeaux)

• J.-C. Mialocq
Member of the Administration Council and Secretary of the Societe Franchise de Photobiologie

• J.-C. Mialocq
Member of the Board of Club CRIN « Heterochemistry »

• J.-C. Petit
Group of experts of the Ministry in charge of research (Mission Scientifique - DSPT3)

• J.-C. Petit
Investigation group of the Ministry in charge of research on the « Quality in research »

• J.-C. Petit
Working Group of the High-Commissionner : « Chemistry of complexing agents and the environment»
President

• Th. Zemb
Elected vice-president of the « European Colloid and Interface Society »

• E. Soulie
Member of the Working Group « Computational chemistry » of the European Federation of Chemical
Societies
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• J.-C. Petit
Conseil de l'UFR « Sciences de la Terre », Universite Paris VI

• J.-C. Petit
Conseil Scientifique de 1'Ecole Doctorale M2RM2, Universite de Versailles-Saint-Quentin

• M. Ephritikine
Conseil Scientifique du Laboratoire de chimie des metaux de transition (UMR 7513, Strasbourg)

• B. Hickel
Membre du Conseil Scientifique du projet ELYSE, Universite de Paris XI

Members of the Scientific Council of CNRS

Th. Zemb
Appointed at the College of Research Directors of 1st class at Comite National de la Recherche
Scientifique, section XV « Complex molecular systems » from 1995 to 2000

Members of Experiment Committees

• F. Ne
Member of the time allowance committee on the French lines CRG of ESRF

• O. Spalla
Associate member of the time allowance committee on the French lines CRG of ESRF

Miscellaneous evaluation activities

• Evaluation of the research Program of a Group (Medical Research Council of Canada)
J.-C. Mialocq

• Independent expert of INTAS (International Association for the promotion of co-operation with
scientists from the New Independent States of former Soviet Union(NIS)) : Project evaluation
J.-C. Mialocq

• Expert with the Scientific Direction of the Chemical department of the Ministry of Research and
Technology
M. Ephritikhine

• Member of the « Scientific advisory committee » of ESRF, as specialist of « Soft condensed matter»
and of the corresponding programme committee
Th. Zemb
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List of the members of the Scientific Committee
SCM/ SI3M/ SCIB

President: Henry VAN DAMME
ESPCI (France)

Klaus Dieter ASMUS
University of Notre Dame (Etats-Unis)

Rodney EWING
University of Michigan, Ann Arbor (Etats-Unis)

Jean-Francois JOANNY
CNRS/ICS (France)

Daniel MANSUY
University Rene Descartes (France)

Beat H. MEIER
ETH Zentrum (Suisse)

Barry W. NINHAM
Australian National University (Australie)

Erich SACKMANN
Technische Universitat Munchen (AJIemagne)

Jean-Pierre SAUVAGE
University Louis Pasteur (France)

Michel SCHOTT
University Denis Diderot (France)

Paul VIGNY
CNRS/CBM (France)

Jacques VOIRON
University Joseph Fourier (France)
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Small angle X-ray diffraction pattern of a latex colloidal monocrystal in strong electrostatic
coupling regime (ID2 at ESRF). The simultaneous measurement of the mesh size of the crys-
tal ( ~ 400 nm) and of the osmotic pressure gives the equation of state of the solution (S.
Lyonnard, in collaboration with H. Versmold, Aachen).

Fourth cover :
Top : Metal-molecule-metal junction : the bisthio-terthiophene molecule is chemically adsorbed on the

two ends of a freshly cut gold nanothread.

Bottom : Trimetallic samarium-uranium-samarium complex supported with two calixarene ligands.




