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Research experience :

1988 - 1990  MAGISTER DEGREE,
INSTITUTE OF PHYSICS, JAGELLONIAN UNIVERSITY, KRAKOW, POLAND

Theoretical study of magnetism in transition metals and transition metal compounds. Ab
initio LMTO simulations of the spin-polarized electronic band structure within the Fix Spin
Moment method. Interpretation within the framework of the Stoner model.

1990 - 1991 ASSISTANT AT INSTITUTE OF PHYSICS,
INSTITUTE OF PHYSICS, JAGELLONIAN UNIVERSITY, KRAKOW, POLAND

Ab initio modeling of the electronic band structure of II-VI semiconductors doped with
transition metals : problematics of diluted magnetism. Theoretical evaluation of the optical
transitions matrix, dielectric constant and application to interpretation of XANES spectra.

1991 - 1994 DOCTOR DEGREE,
LABORATOIRE DE PHYSIQUE DES SOLIDES,
Un1v. PARIS XI, ORSAY, FRANCE

Semi-empirical, HF study of the electronic, structural and reactivity properties of insulating
oxide surfaces and the analysis of the main factors which control their evolution as a function
of the iono—covalent character of material and of the surface orientation.

The electronic characteristics are principally determined by a competition between the
electrostatic and covalent terms : the first fixes the separation of effective atomic levels of
anions and cations, the second is related to the delocalization of electrons. Electron screening
effects, which weaken the perturbations induced by the surface formation were found to be
important. Surface structural distortions were found to be controlled mainly by the relative
strength of electronic delocalization and short range repulsion. A new mechanism for rumpling
was proposed, relying on differences in second neighbor electron delocalization on the anion and
cation sublattices.

Modeling of the dissociative adsorption of water in two limiting cases (adsorption of isolated
H* and OH™ molecules and full saturation of surface by the adsorbate) showed the importance
of the local environment on the adsorption site, details of both the adsorption geometry and
adsorbate coverage, as well as the role of screening effects and decohesion of the substrate.

1994 - 1995 POST-DOCTORAL POSITION,
KEELE UNIVERSITY, KEELE, GREAT BRITAIN

Ab initio (plane-wave) study of water adsorption on SnOg and TiOs (110) surfaces.
Molecular and dissociative modes of adsorption were investigated along with the stabilizing
effect of the surface hydrogen bonds. Finally, the dissociation path, related to proton transfer
towards the surface along a hydrogen bond, was examined in order to evaluate the height of the
energy barrier for water dissociation.

Standard Local Density Approximation approach tends to overestimate adsorption energies
and wrongly reproduces the relative stability of different adsorption geometries. The numerical
results were improved by the application of the Generalized Gradient Approximation method.



1995 - 2003 UNIVERSITY TEACHER
CENTRE DE RECHERCHE SUR LES MECANISMES DE LA CROISSANCE CRISTALLINE,
UnN1v. AIX—MARSEILLE II, MARSEILLE, FRANCE

Since the arrival to the Centre de Recherche sur les Mécanismes de la Croissance Cristalline
my scientific interests have been principally focused on the problematics of numerical simulation
of deposition and adsorption on oxide surfaces. We have used ab initio electronic band structure
calculations for a better understanding of the basic microscopic mechanisms responsible for the
observed/studied phenomena. On this basis, we have been trying to construct simple models
of inter-atomic interactions that can be, by means of Molecular Dynamics and Monte Carlo
methods, used directly for simulation of the growth processes.

Quite naturally, this problematics can be divided into four parts :

Oxide substrate : perfect surfaces, defects, polarity, nano-structures Characterization
of perfect and defective oxide surfaces is a basis of any adsorption studies. In this field,
use of ab initio calculations helps the verifications and extension of the existing results
and concepts issued from semi-empirical or analytical models. An important example are
the non-stoichiometric surfaces, where the physics related to the transition between an
insulating and a locally metallic character, was treated in an extensive study of surface
vacancies on the MgO (100) surface. Similarly the issue of stoichiometric surface point
defects was recently treated in the study on reactivity of surface divacancies.

Transition metals on the oxide surfaces Detailed analysis of the relation between the
adsorption energetics and the characteristics of the electronic structure of the deposited
metal, performed systematically for a series of model metal/oxide systems has shown some
general tendencies and has revealed basic microscopic mechanisms (related principally to
the polarization of the metal deposit in the electrostatic field of the substrate), that can
be held responsible for metal growth properties and for the morphology of the interfaces
observed experimentally.

Interaction of molecules with oxide surfaces Theoretical study of water on the perfect
MgO (100) surface has shown a possibility of existence of a dissociative adsorption mode.
This latter, resulting principally from the interaction between the co-adsorbed molecules,
has been for a long time a subject of speculations on both experimental and theoretical
level, and seem necessary for the full interpretation of the existing experimental results.

Towards effective potentials The ab initio calculations show their great utility for the
verification of hypothesis underlying the existing semi-empirical approaches (eg we were
able to verify that the assumption of local neutrality in metals applies not only to atoms
but also to different type of orbitals), as well as for a direct construction of new models of
interactions (eg we were able to use the ab initio results as to fit an interaction potential
on the metal/semiconductor and especially at the metal/oxide interface).
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