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Conference Objectives

This conference, organized by the L2ZMSM laboratory of the Faculty of Sciences,
University Djillali Liabes of Sidi Bel Abbés, Algeria, will bring together an international
network of chemists and physicists interested in computational physics and chemistry
methods in molecular, nano and material sciences. Since it is organized with the collaboration
of the Alexander von Humboldt foundation (Bonn, Germany), the Conference in this field
should attract participation of a number of Humboldtians from neighbouring countries and of
researchers from various application areas who are pioneering advanced application of
computational methods to sciences such as physics and chemistry.

The emphasis will be on innovative theory, computational realization and application. The
present call concerns particularly young scientists among PhD students and post-docs
whishing to present original research works either as oral contribution or poster.

Technical Topics Area

NAC-CPC’10 covers the following major thematic sessions:

*(Topicl): Theoretical physics

* (Topic2): Theoretical chemistry

* (Topic3): Simulation and molecular modelling methods

* (Topic4): Material Science (Condensed matter, electronic structure, ab initio
calculations, Molecular Dynamics, nanostructure)

* (TopicS): Molecular Structure and Spectroscopy

* (Topic6): Electrochemistry, large molecules

* (Topic7): Biological physics, drug design, bioinformatics, QSAR

* Other fields (especially for Humboldtians)

President of the Conference
Prof. M. Sekkal-Rahal

Co-President of the Conference
Prof. A.Kadoun

Honored President
Prof. A.Tou

Honored Members
Prof. Aourag Hafid (Univ. Tlemcen, Algeria)

Prof. Mesli Abderrezak (Univ. S.B.A, Algeria)
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Plenary lectures

On the Motions of Water in Chabazite, a Molecular Dynamics Study

Modeling and vibrational spectroscopy applied to the study of the
dynamics in aluminosilicates

Molecular modeling of EBP-Elastin Binding Protein: docking of
different ligands

Protein and rna computer simulations
Built-in strain, electric field, and spin polarization effects in wide
bandgap semiconductor materials and nano-devices

Shear-Induced Structures in Lyotropic Liquid Crystals Investigated by
NMR Spectroscopy

Molecular Dynamics Modeling of Proton Discharge at the Aqueous /
Metallic Interface

Determining and Analyzing the Structure of Clusters

Contributed Oral Presentations

Computational Insight: Oral Phosphodiesterase 5 Inhibitors for Erectile
Dysfunction

Advanced Apparatus for Pathogen Detection

Kinetics and DFT studies on the Catalytic Epoxidation of Olefins by
n°-Cyclopentadienyl Molybdenum Catalysts

Synthesis Approaches And Pharmacological Importance of 1,2,4-
Triazoles

CP Violation in Fourth Generation Quark Decays
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Application of nanotechnology in solar cell fabrication —

Future perspectives

Ultrasonic guided waves in functionally graded piezoelectric hetero
structure

Multiferroic  behaviour of (SrTiO;),-(BiFeOs),, heterostructures
predicted from first-principles calculations

Complexes of lanthanide and actinides. Between theoretical challenges
and contributions of DFT/ZORA relativistic method!

Effects of Crosslinker and Porogen on Microfluidic Properties of
Polymer Based Monolithic Systems

Electronic properties of low dimensional structures
Laser Biomedical Physics:Principles and Applications

Elaboration of new biopolymers based on sugar diols and
characterization by NMR and MALDI-TOFs

Spectroscopic and computational analysis [FeFe]-Hydrogenase Models
with Bridging Moieties Containing (S, Se) and (S, Te)

Conformational and Vibrational analysis of Crown Ethers

Properties of iron substituted manganese Lay 7510 33FexMn;O3 nano-
manganites oxide

DFT study of the interaction of iron dimer with benzene

On the characterization of cluster distribution in supercritical fluids: A
molecular dynamics and data mining approaches

Mechanisms in Aminocatalysis

NEW OF SCHWINGER VARIATIONNAL PRINCIPLE FOR K-SHELL
EXCITATION OF Ca'®"(1S%) ions by impact of various atoms at 8.6
MeV/amu

Surface modification of plasma-treated polyethylene with fluorinated
alcohols using chlorinated phosphazenes as coupling agents

Modeling blood flow and cell motility: a physicist view

Magnetism and technology
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Posters Sessionl

Structural and Dynamical properties of SrO in the Rock-salt phase
Interaction electron-gas in an HPSEM: Application to CO, and
comparison with H, and H,O

EBIC microscopy investigations on microelectronic devices

Radial Confinement Study of the Taylor Couette Flow

Full-potential study of structural and electronic properties of B-ZrNX
(X=CLBrandI)

Computational Studies of Optoelectronic Properties of ZnO/MgO/CdO
Nanostructures

First-principles calculations of the structural and electronic properties of
semiconducting intermetallics compounds RuGas;, and OsGas in the

FeGas-type structure

Tight Binding calculation Of Electronic Properties Of Ternary Alloy
ZnS,Sej«

The Importance of the Resonance in the Calculation of Relative
Intensities of Emission of Ion FE™°

Structural Study of the Neurotransmitter by the Ab-initio Methods and
Spectroscopy

Etude des résonances plasmons dans les Nano-fils en Ag
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N/Mg,Zn;.,O Quantum Nanostructured Lasers

LDA+U+SOC Ab-initio Study of Magnetic Behavior and Electronic
Structure of RESGe3 Intermetallics Compounds

Study of the origin of ferromagnetism in Ga;.,Gd,N

Development of software for photonic crystal simulation and analysis
using FDTD and PWE methods

Atomistic Study of Hydrogen Absorption FeAl BULK

First-principles prediction of electronic and magnetic properties of
REPtBi (RE= Rare Earth Element) half-Heusler by LSDA+U
calculations

Orientation effect on ferroelectric surface stability of BaTiO;

Full-potential study of structural and electronic properties of MB,-type
metal diborides (M=Be, Mgand Ca)

First-principles study of the magnetic properties of Al;,Gd,N
Analytical approach of the Graétz heat exchanger in MHD

Structural, electronic and thermodynamic properties of Bi,O3 from First
Principles Calculations

Electrons beam behavior in a gas mixture under low voltage in the
environmental SEM

Evolution of physical properties according to the stoichiometric
coefficient x of the alloy InyGa; 4N intended for photovoltaic devices

First principles lattice dynamics and thermodynamical study of
Thallium-V compounds

First-principles calculations of the structural and electronic properties of
three semiconducting intermetallics compounds RuAl2, RuGa2 and
OsAI2 in the TiSi2-type structure

Electronic and structural properties of the quaternary chalcopyrites
CuyFeAlSe; and CuFe,AlSes
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Full-potential study of structural and electronic properties of
metal nitride halide chlorides, B-MNCI (M = Ti,Zr and Hf)

Simulation of photovoltaic parameters of a solar cell

Theoretical Studies of Structural Properties of the Complexes of Pd, Rh,
Ru With Hemilabile Ligands (BPMO’s)

DFT Calculations of the Structural and Electronic Properties of
Spinosyns A and D

Study of Non Linear Instability of Taylor in the Vicinity of its
Appearance

Theoretical study of structural and thermal properties of Fe, (Zr, Nb)
Laves alloys

Vickers Indentation Method used for Elastic Properties Characterization
of Porous Silicon Thin Films

Polishing effect of samples on WDS microanalysis X

Ab initio calculations and structures properties correlation of SiO2
polymorphs

Structural and thermoelastic properties of the B2-YX (X=Cu, Mg and
Rh) intermetallic compounds

Determination of the density of states (DOS) of the amorphous
semiconductors using Laplace Technics

Computation and prediction of exchange and correlation energy in
density functional theory using data mining methods

First-principles calculations of Mo/ZrC interface and Re alloying
effects on adhesion

Theoretical Study of the Structural and Electronic Properties of
Luteolin

Effective interaction and structure of charge-stabilized colloidal
suspension
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Analysis of Channel Filter Based on Photonic Crystals Ring Resonator

Electronic Band structure of GasIn;<As

Numerical Simulation of Thermodynamics, Structural and Transport
Properties of Liquid Para-Hydrogen by the Quantum Molecular
Dynamics

Optical channel drop filter based on dual ring photonic crystal ring
resonators, a wavelength division demultiplexer based on photonic

crystal ring resonator

Simulation and optimization of photovoltaic parameters in single and
tandem junction thin film silicon solar cells

First principle prediction of half-metallic ferrimagnetism in the Heusler
alloys Mn2TiZ(Z=Al,As,B1,Ga,Ge,Sb,S1,Sn) in high ordered structure

Electronic structure of the tetragonal ternary iron arsenide BaFe,As;:
Contribution of itinerant Fe 3d-states to the Fermi Level

Posters Session2

Theoretical study of tautomerization and iomerization of
methylphosphino- and Phenylphosphino-substituted cyclic
azaphospholines, oxphospholines and thiaphospholines in gas and
aqueous phases

Theoretical Study of the Reaction of Rearrangement of 1,3 DIAZA-
CLAISEN

Influence of Amino Acid Side Chain Preceding Azaprolyl Residue on
B-turn Stabilization

Theoretical Research of the Obtained Isomer in the Synthesis of New
Derivative Pyrazolones: DFT Modelling

N. Bekhti-Bensalem. Harmonic dynamics of B-D- RHAMNOSE in the crystalline state.
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On the Motions of Water in Chabazite,
a Molecular Dynamics Study

R.Chanajaree', S.Fritzsche', J.Kirger”, Ph.A.Bopp®

"Institute of Theoretical Physics, Faculty of Physics and Geosciences, Universitit Leipzig, Postfach 100920,
DE-04009 Leipzig
? Institute of Experimental Physics I, Faculty of Physics and Geosciences, Universitit Leipzig, Linéstrasse 5,
DE-04103 Leipzig
3 Department of Chemistry, University Bordeaux 1, 351 Cours de la Libération, FR-33405 Talence cedex,
e-mail:philippe.bopp@u-bordeaux]1.f

Introduction: The internal structure of the
zeolite Chabazite consists of interconnected cavities
with dimensions of a few molecular diameters (say,
of water). The presence of aluminum ions in the
zeolite lattice leads to an anionic character of the
framework, which is neutralized by extra-framework
ions, here calcium. The presence of these ions in the
zeolite voids is an additional constraint on the
motions of the guest molecules in these systems. We
study here the translational self-diffusion, the
librations, and the reorientations of water molecules
at 300K and different loadings of the zeolite.

Method: We have performed Molecular
Dynamics (MD) computer simulations of this zeolite
at 300K and various loadings of water. Figure 1
shows a typical simulated system.

Figure 1: Simulation box: Left: Water molecules and
extra-framework ions,; Right: Chabazite lattice
(sticks), water, and ions.

The simulation boxes contained 864 lattice
atoms (24 cavities) and, per cavity, on the
average 2 calcium ions and from 2 to 13 water
molecules. The zeolite lattice and the geometry
of the water molecules were kept rigid during
the simulations. The SPC/E water model was
used together with compatible ion-water, ion-
lattice, and water-lattice terms. Ewald
summations were used for the electrostatic
interactions. After lengthy initial equilibration the
trajectories were sampled for 10 to 35
nanoseconds.

Results: (a) translational self-diffusion: The self-
diffusion coefficients are of the order of 10" m*s™.
The new results broadly confirm the conclusions
drawn from previous simulations at higher
temperatures (Jost 2007). The self-diffusion is found

to be anisotropic (due to the internal structure of the
zeolite), in keeping with experimental results (Bér
1998). It is also strongly dependent on the loading
with a maximum around a load of 10 water
molecules per cavity.

(b) Librations The librational motions are not unlike
the ones found in liquid water and aqueous ionic
solutions (Spohr 1988). However, following recent
arguments (Laage 2008) the concept of rotational
self-diffusion seems not to apply here.

(c) Reorientations The molecular reorientations are
found to be much slower here than in liquids, with
characteristic times of nanoseconds rather than
picoseconds. In keeping with the findings for the
librations, the reorientations are seen to occur in
large jumps rather that in a continuous way.

In all three cases, the motions of the water molecules
can be rationalized in terms of an almost immobile
fraction, strongly hydrated to the extra-framework
cations, and a more mobile fraction further away
from these ions.

Acknowledgment: Financial support by Deutsche
Forschungsgemeinschaft (DFG) was received
through the IRTG 'Diffusion in Porous Materials'.
Computer time was provided by Universitit Leipzig
and ZIH Dresden. PAB thanks University Bordeaux
1 for a sabbatical leave in 2009/2010. The Max
Planck-Institut fiir Mathematik in den Naturwissen-
schaften (MPI-MIS), Leipzig, and The Department
of Materials Chemistry, Uppsala University, are
gratefully acknowlegded for their hospitality and
support during this time. Financial support by the
Wenner-Gren Foundation, Stockholm, is also
acknowledged.
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Modeling and vibrational spectroscopy applied to the study
of the dynamics in aluminosilicates

D. Bougeard'

!Laboratoire de Spectrochimie Infrarouge et Raman, Université des Sciences et Technologies de Lille,
Cité Scientifique, Villeneuve d’Ascq Cedex 59655, FRANCE

Introduction: The importance of silicate mine-
rals, the major components of the Earth’s crust, in
everyday’s life can hardly be overestimated. Clays
are indispensable as construction materials; crys-
talline and amorphous silicates find widespread
applications as electronic devices; glasses, the most
famous aluminosilicates, are ubiquitous. The proper-
ties of the materials are dictated by their structures,
which can be obtained from simple basic units: TO,
tetrahedra (T = Si, Al) and XOg4 octahedra (X = Al,
Mg, Fe,...). Arrangement of the units by sharing
corners or edges results in a variety of structures
ranging from the dense crystalline silica polymorphs
to open structures with two- and three-dimensional
networks of cavities and channels. Such open
structures, having voids of nanometric size, attract
much attention due to their applications but they
necessitate coupling of modeling with experimental
methods to gat ride of their complexity.

Methods: The classical MD techniques rest on a
classical description of a system of interacting
particles and on a model of effective potentials
representing the interatomic interactions. The phase
space is explored by solving the classical equations
of motion of particles. The quantities of interest
(structural data, vibrational spectra, diffusional
behavior) are obtained as the mean of their
instantaneous values along the trajectory, i.e. as the
average over time.

For the calculation of the vibrational spectra we
developed a potential model for aluminosilicates
which leads to a very good reproduction of the
vibrational frequencies. It was extended to octahedral
aluminium and magnesium (Arab et al. 2002,
Bougeard et al. 2000, Ermoshin et al. 1996). The IR
and Raman spectra were obtained by Fourier
transformation of the auto-correlation function of the
dipole moment and of the polarizability tensor,
respectively (Berens et al., 1981). Using the bond
polarizability model, the corresponding -electro-
optical parameters were derived for aluminosilicates
from the data obtained in quantum-chemical
calculations of small molecules (Smirnov et al.
2000).

Results: Several applications will be presented

including the Raman spectra of glasses (Figure 1),
the diffusion in clays (Figure 2) and in zeolites.
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(D, and D, bands are used in experiment for the cha-
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Figure 2: Free (blue) and Zn-bound (red) water in

hydrated Zn-Vermiculite
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Shear-Induced Structures in Lyotropic Liquid Crystals
Investigated by NMR Spectroscopy

C. Schmidt!

'Faculty of Science, Department of Chemistry, University of Paderborn,
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Introduction: Concentrated aqueous solutions of
surfactants often form liquid-crystalline phases. The
application of shear to these mesophases can have
pronounced effects on their orientation and structure,
leading to rheological phenomena such as shear-
thinning or shear-thickening. In order to better
understand the rheological properties of surfactant
systems, many studies combining rheological
measurements with structural investigations have
been performed. The majority of researchers have
used light, x-ray or neutron scattering methods or
direct optical observations by light microscopy [1].
Nuclear magnetic resonance (NMR) investigations
are not yet very common in this field [2-4], although
NMR spectrometers are often more easily accessible
than large scale scattering facilities. Focusing on the
shear-induced structural transitions of the lyotropic
lamellar phase [1,5-11], this contribution will give
an overview on how shear-induced changes of the
structure of lyotropic-liquid crystals can be
elucidated by NMR experiments.

Experimental: In situ NMR experiments under
shear have been performed using home-built NMR
probes that contain a shear cell of either cone-and-
plate or cylindrical Couette geometry. The cell is
surrounded by the NMR coil and driven by a motor
located underneath the superconducting magnet.
From the deuterium resonance of D,0O-enriched
samples information on the sample orientation and
structure is obtained. Often shear-induced structures
are metastable and do not relax when shear is
stopped. In this case, NMR methods which require
longer measuring times, such as NMR diffusometry,
can be applied.

Results: The lamellar phase under shear may
consist of extended planar lamellae, which can
assume different orientations with respect to the
flow, or of close-packed multilamellar vesicles
(MLV), also known as "onions" [5]. The stability
regions of these structures as a function of shear rate
and temperature can be readily obtained from the *H
NMR line shapes of D,O-enriched samples and
mapped in a shear diagram. An analysis of the NMR
line widths and of the diffusion properties can
provide further structural details, such as the MLV

size [7,8]. Not only steady-state structures but also
transient processes under shear, such as the
formation of MLVs from initially planar lamellae or
the reverse process, can be followed. From time-
dependent NMR experiments, performed on the
nonionic surfactant system C;,E3/D,0, a fundamental
difference depending on the direction of the
transformation process has been found: the transition
from planar lamellae to MLVs is a continuous
transformation, whereas the opposite transition
occurs via a "two-phase" region [6].

It has been suggested that an intermediate
structure of multilamellar cylinders occurs during the
shear-induced transformation from planar layers to
MLVs [9,10]. '"H NMR measurements of the water
diffusion parallel to the velocity, the velocity
gradient and the vorticity directions at various stages
of the transformation process are consistent with
such an intermediate structure [11].
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Abstract

An empirical valence-bond (EVB) model is
developed in order to describe the transfer of a
proton from aqueous solution bulk to a (charged)
metal electrode surface. Results of density functional
calculations are used for parametrizing the model for
the Pt(111) surface. The EVB model makes possible
large scale molecular dynamics simulations for a
metal/electrolyte solution including Grotthuss style
proton transport [1]. We have systematically studied
the rate of proton discharge on negatively charged
surfaces in the range of medium to large surface
charge densities. The mean rate of transfer was
analysed for proton trajectories which were started in
the bulk of a water film adsorbed on the electrode.
The results indicate a transition between a reaction-
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dominated regime at moderate negative charges,
where the rate constant increases exponentially, to a
“diffusion controlled" regime where the transfer rate
is almost independent of the surface charge density
(at more negative surface charge densities) [2].
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Introduction: One of the big challenges facing
theoretical studies of clusters is to determine the
structure of the global total-energy minimum. During
the last couple of decades more different approaches
have been proposed for tackling this problem and
also applied to various systems in combination with
more or less accurate descriptions of the total energy
as a function of structure. As the result of such
calculations one obtains first of all the nuclear
coordinates and the total energies as functions of the
size of the clusters. Another challenge is then to
extract chemically or physically relevant information
from this often very large amount of information.

In this presentation we shall give examples from
our own work on the unbiased determination of the
structure of different types of clusters. We have used
different structure-optimization methods as well as
approximate total-energy methods, and shall put
special emphasis on the analysis of the results. This
includes the identification of particularly stable
clusters as well as the structural shape and similarity
with various types of reference structures.

As examples we shall consider isolated metal
clusters and metal clusters deposited or grown on
metal surfaces. Also semiconductor clusters with one
or more types of atoms shall be treated.

Methods: We use two different methods for
calculating the total energy for a given structure.
Both methods are approximate and have been
developed specifically for the problem at hand. With
one method, the embedded-atom method, the
electronic degrees of freedom are not directly
included in the calculations, which makes the method
fast and most suitable for systems for which close
packing is expected to be important (e.g., simple
metals). The other method is a parameterized
density-functional method with which also electronic
properties are calculated whereby the study of
systems with directional bonds is made possible.

In order to determine the global total-energy
minimum we use either genetic algorithms or our
own aufbau/abbau method. Both methods are
unbiased structure-optimization methods and based
on the idea of combining “keeping good building
blocks” with randomness.

Systems: As a first example we discuss the
properties of isolated Ni clusters with from 2 to 150
atoms. For those, we also present various approaches
that we have developed in order to identify general
properties. These properties include the total energy
per atom from which a stability function can be
derived with which particularly stable clusters can be
identified. Structural properties can be quantified
through a shape analysis as well as though the radial
distances of the individual atoms. The positions of
the atoms can also be used in identifying and
quantifying structural similarities.

Subsequently, we study the properties of
bimetallic clusters, as well as of clusters either grown
or deposited on a surface. In all cases, the embedded-
atom method has been used.

For nanostructured HAIO we show how the
calculations can be used in providing experimentally
relevant but hardly accessible information. To this
end we consider isolated as well as two interacting
clusters with up to 28 fornula units and apply the
parameterized density-functional method.

Next we study various semiconductor clusters.
This includes II-VI and III-V semiconductors for
which either the zincblende or the wurtzite structure
is found for the macroscopic systems. We study how
this manifests itself for the nanoparticles. Also Si,
Ge, and mixed Si-Ge clusters shall be studied. In all
cases, we discuss a possible correlation between
stability and optical properties, quantified through
teh HOMO-LUMO energy gap.

As a final example, we study the so-called
metallocarbohedrenes  (“metcars”). The TigCy,
metcar is the most famous example that has a
particularly high and appealing symmetry. We
compare this cluster with metcars with slightly more
or less Ti and/or C atoms. As an example, the figure
shows the optimized structures of TigCj,and TieCyo.
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Elastin is the extracellular matrix protein responsible
for the elasticity of tissues. Its degradation produces
elastin peptides with biological activity which leads
to proliferation, proteases synthesis or chemotaxis.
These peptides are involved in  diverse
physiopathological processes through their binding
to the elastin complex receptor.

Previous data have shown that both the structure of
the peptide and the structure of the elastin binding
(EBP, Elastin Binding Protein) sub-unit are key
elements in the binding process : the first finding was
that elastin peptides presenting the XGXXPG
consensus sequence (such as VGVAPG) bind to
EBP, the second finding was that EBP interacts with
elastin peptides through a specific region of 32
residues (known as V32) which contains some
important amino acids.

The aim of this work is to characterize thoroughly
and from an atomistic point of view the binding
process of elastin peptides to EBP. This
computational study is divided into two main steps:
we start with various sequences of elastin peptides
and test their affinity for EBP through docking
experiments.
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We can then check if the predicted fixation site on
EBP is always the same and if the orientation of the
peptides on this site is similar from one peptide to
another. Once the effect of the peptide sequence is
described and characterized, we focus on the role of
some few important amino acids located on the EBP.
After we mutate these residues (modifications of the
sidechain charge or length), we perform new docking
experiment between the VGVAPG peptide and these
new versions of EBP. Among other things, we
demonstrate a potential role of the charges of the
E137 and R107 amino acids.

The validation of all these results is performed : (i)
using molecular dynamic simulations on the different
systems. This way, we can check the stability of the
binding using pressure, temperature and solvent
conditions mimicking a biological environment, and
(i1) confronting our in silico results to in vitro
biological tests on cells.
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Abstract
Advanced optoelectronics and electronics
applications put increasing and stringent demands on
new properties of new materials with new systems,
and new devices. First of all, it becomes highly
desirable to shrink the size of the devices down to the
nanoscale (10”m). This is made so not only in order
to make the devices smaller, smarter, chipper..., but
it is done in the purpose of enhancing the quantum
nature of materials properties, and revealing a set of
new and very rich phenomena, unreachable neither at
micro nor at macro scales. These issues are actually
addressed by the evolving field of nanotechnologies
and constitute the first part of my talk.
The second part of my talk addresses issues related
to the necessity of finding new concepts and/or new
phenomena to built new devices. I will focus on 3
such lines of interest: 1. built-in strain; 2. built-in
polarization which leads to internal electric field and
finally; 3. spin polarization. In each case, I’ll give
examples of works done by our teams at the LEMOP
Laboratory at the University of Oran Es-Sénia.
Built-in strain results from the mismatch between
different materials associated in hetero-structures.
This kind of internal strain can be controlled at the
nanoscale. As far as this strain does not exceed some
critical value, it can modify very deeply the
properties of hetero-structures and constituent
materials as well. Materials properties as electronic,
mechanical, optical, magnetic, ... can be fine tuned
in this way in a wide range to fit some desirable
value of interest.
The internal electric fields which build up in
nanostructures arise from spontaneous and/or
piezoelectric polarizations effects. Such internal
electric fields do also modify very dramatically the
physical properties of nanostructures. They also can
be controlled and tuned in a fine way, so that it can
be possible to obtain a desired effect.

The control of spin polarization can be also achieved
in nano-systems, because of the strong spin
degeneracy lifting, as a result of both quantum and
size effects. It can lead to very interesting
phenomena, and more particularly, to the so-called
“’spintronics’’ which is of fundamental and practical
importance in many applications as in quantum
computations and memories for future computers.

Key words: nanomaterials, nanodevices, low
dimensional systems, built-in strain, built-in electric
field, spin polarization, ab-initio, DFT (FP-LAPW),
k.P-theory, III-V Nitrides, II-VI oxydes , Lasers,
Quantum Well heterostructures
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Folding proteins or RNA on computers using
molecular mechanics force fields so as to reproduce
closely or complement experimental data is very
challenging. The surrounding water molecules must
be treated, the quality of the underlying force field
must high, and the sampling of the conformational
space must be very efficient.

The shortest time for protein and RNA folding is,
however, about tens of microsecond, and most all-
atom simulations explore the 100-1000 ns timescale.
In addition, the calculation of accurate folding
pathways requires hundreds of molecular dynamics
trajectories and even with the increase of
computational power, enhanced conformational
techniques of all-atom systems are hampered by very
slow convergence towards equilibrium.
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Due these limitations and because other phenomena
of high medical interest, such as amyloid fibril
formation, demand insights into much longer
timescales, scientists are developing and improving
coarse grained models.

In this talk, I shall present (1) OPEP coarse-grained
simulations for predicting the native structures of
mini-proteins and  targeting amyloid soluble
oligomers associated with Alzheimer's disease and
(2) applications of the coarse-grained HiRE-RNA
force field to RNA.
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Introduction: A metal-insulator transition and
large negative magnetoresistance were discovered 50
years ago in alkaline-earth substituted perovskite-
type rare earth manganese oxides of the type La,.
«Ca,MnO; with La rare metals and Ca alkaline-earth
metals [1, 2]. In recent years, these materials have
regained great interest for research due to their
particular microstructure and magnetic properties [3—
8]. Colossal magnetoresistance (CMR) was found to
be caused by the magnetic-field-driven shift of a
first-order —metal-insulator transition in the
temperature window around the ferromagnetic
ordering of the Mn charges and spins. The CMR
materials have basically a perovskite-derived
structure  with rhombohedral or orthorhombic
distortion. In the double exchange mechanism [9] for
CMR the Mn—O-Mn bond distance and angle are
considered to play an important role in controlling
the CMR properties. The microstructure has also
found to have a strong influence on physicochemical
properties, such as the Curie temperatures.

In this work, we present structural and magnetic
properties of Lag¢;Srg33FeMn;,O; with 0 < x < 1
samples. Powder samples have been elaborated by
the mechanical alloying method. This powder
samples have been elaborated by mixing precursors
La,03, MnO,, Fe,0; and SrO; up to 99.9 % purity in
the desired proportion according to the following
reaction:

0.67 La203 +0.33 SI'02+ 3x F6203 + 3(1-X) Mn02
— 6 Lag 751 33Fe,Mn;_O;.

We present in Fig. a SEM photo of the elaborated
samples. The powder X-ray diffraction shows that
the elaborated samples are single phase. Our
magnetic investigations show that the samples

exhibit a paramagnetic to ferromagnetic behaviour
when the temperature decreases.

Figure: SEM photos of powder of Lag ¢;Sr(33Fe,Mn;.
xO3 with 0 < x < 1 milled by the ball milling.
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Abstract: Currently available methods for
bacteria detection are mostly based on classical
methodological approaches such as selective culture,
immuno-affinity testing (like enzyme linked
immunosorbent assay, ELISA) and, more recently,
polymerase chain reaction (PCR).. In the context of
bacteria detection, biosensor development offers the
possibility to perform faster, cheaper and simplified
detection of multiple analytes, even in complex
multicomponent matrices. In the present work, we
compare the efficiency of phages as bioreceptors for
bacteria biosensing, following their incorporation
onto interdigitated gold microelectrodes by different
funtionalization strategies. Impedance Spectroscopy
and Surface Plasmon Resonance Imaging techniques
were used for bacteria detection. The kinetic
behavior, the detection limit and the reproductibility
of the developed biosensor will be discussed.

Introduction: In spite of the medical advances

occurred over the last decades, bacterial pathogens
are still among the main cause of death in the world.
The ability of microorganisms to evolve
extraordinarily fast may partly account for this, but
changes in the population cultural habits, as well as
technological and medical advances, have deeply
influenced pathogen prevalence and distribution.
In this work we demonstrate that EIS monitoring
over time using bacteriophages for bacteria detection
generates successive dual signals of opposite trend,
enabling in-chip detection confirmation. In this
respect, specific capture generates an initial increase
in impedance, which is followed by an impedance
decrease due to phage-induced lysis. These signals
can be easily distinguished from those caused by
non-specific adsorption and/or crossbinding.

Material and  Methods: Interdigitated
microelectrodes were produced by standard
photolithographic techniques. E. coli K12 cells,
provided by BioPhage Pharma (Montreal, Canada),
were grown at 37°C in Luria-Bertani (LB) liquid
medium for 8-10 h. Lactobacillus plantarum cells
were grown at 37°C in MRS broth for 18-20 h. T4
phage, which specifically infects E. coli, was
obtained from BioPhage Pharma (Montreal, Canada).
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E. coli K12 liquid culture, grown until the
exponential phase was reached, was inoculated with
500 pl of a phage T4 stock solution

Results and discussions: The typical response of
EIS immunosensors in the presence of target E. coli
is illustrated in Figure 1. The curve shows the
absolute variation of the impedance (AZ) versus the
incubation time at fixed frequency (233 mHz). AZ is
calculated as |Z —Z|, where Z is the value of the
impedance module of the immunofunctionalised
microelectrode after bacteria binding and Z, is the
value of the impedance module of that
immunofunctionalised microelectrode previous to
bacteria capture.

77, | (ki)

Figure.1: AZ registered at 233 mHz over time for
phage-modified microelectrodes in the presence of
10* CFU mL" E. coli
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Abtsract: Organometallic compounds
synthesized recently, with both lanthanides and
actinides f elements and having interesting structural,
electrochemical, optical and magnetic properties,
have opened promising routes to technological
applications such as heterogeneous catalysis
(precursors, luminescence and / or nonlinear optics,
medical imaging as contrast agents and for molecular
electronics for storage of information [1].

The theoretical study of such systems is difficult
(relativistic and  electron correlation effects
important) but essential to understand and analyze
the binding mode of metal-ligand, the role of f
orbitals, electronic structure and attempt to interpret /
rationalize their physicochemical properties. The
DFT method used in its relativistic framework
ZORA (Zero Order Regular Approximation) using
ADF code [2] led us to ground state properties in
good agreement with experimental data.

We were interested, through some examples
treated by our group in the contex of
Lanthanide(IIT)/actinide(IIT) differentiation [3], to the
crucial role of f orbitals in the metal-ligand and other
electronic factors and/or steric which can affect this
differentiation.

The magnetic behavior of polymetallic molecular
compounds of actinides is currently the subject of
intense study both experimentally and theoretically
[4]. We performed DFT calculations according to the
'‘Broken Symmetry' (BS) approach in order to
analyze the role of both bridging ligand and 5f
orbitals in the electronic or magnetic communication
between different metallic sites. The presence of the
uranium 5f orbitals, much diffuse, also seems to be a
determining factor for the charge transfer and metal-

ligand spin delocalization through the bridging
ligand.
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Abstract:

Utilization of carbohydrate derivatives for
biopolymers syntheses has been paid much attention
not only because of the huge abundance of resources
but also of the promising biodegradability and
biocompatibility of them (Stross and Hemmer,
1991).
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Figure 3: Synthesis of new diols from isosorbide

We have synthesed and characterized several
bio-based sugar monomers (Chatti et al. 2000)
(isosorbide and isomers) which can be used for the

l

polycarbonates

syntheses of novel biomaterials such as
polycarbonates, polyesters, polyurethanes and
poly(ether-sulfone)s (Chatti, 2006, 2009).
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Figure 2: Biomaterials obtained by polycondensation of
chirals diols with various difontionnalized agents
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We have studied the influence of reaction
conditions (reaction time, temperature, excess and
stereochemistry of monomers) on the fraction of
cyclic and linear chains of these biopolymers.

The resulting bio-based polymers has been
characterized by NMR spectroscopy, MALDI-
TOF mass spectrometry, SEC and DSC.

Sufficiently high molecular weights and
glass transition temperature mean that such
biopolymers could be useful as transparent
engineering plastics, films and membranes (less
sensitive to an attack of oil, gasoline and other
organic solvent or liquid) and as bio-sensors
(steroids, metals).
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Crown ethers are important class of molecules with
wide applications. Some of the important crown
ethers are 18-crown-6 (18c6) and 12-crown-4 (12c4)
and their sulfur analogues, 18t6 and 12t4. Crown
ethers are large ring molecules with large number of
possible conformations. The aim of our research is to
use computational and vibrational methods to
determine in what conformations these molecules
exit in. For this purpose, the CONFLEX method of
the conformational search was used to determine the
possible conformations of these molecules. To get
better energy order of the predicted conformations,
computations were done at higher levels of the ab
initio methods as high as the MP2/6-31+G* level.
The vibrational spectra of free 18c6 and 12c4 were
measured and the experimental vibrational spectra
were compared with the calculated vibrational
spectra. The ab initio computations of 18c6 revealed
that a new S6 conformation of 18c6 is the lowest
energy conformation. The experimentally known Ci
conformation is higher in energy by 1.84 kcal/mol at
the MP2/6-31+G* level than the S6 conformation.

For 12c4, comparison between the calculated and
vibrational spectra gave the evidence for the first
time that 12c4 exists in the Ci conformation. This Ci
conformation is higher by 2.61 kcal/mol at the
MP2/6-31+G* level than the lowest energy S4
conformation. A rationalization was given why the
S6 conformation of 18c6 and the S4 conformation of
12c4 are the lowest energy conformations. That is,
both conformations have more number of hydrogen
bonds and at shorter distances than any other
predicted conformations of both molecules. A similar
conformational and vibrational study of the
complexes of 12c4 and 18c6 with alkali metal
cations was performed. The study showed gave the
proof for the first time that 12c4-alkali metal
complexes exist in the C4 conformation, while
confirmed the experimentally known structure of
18c6-alkali metal complexes. Currently, we are
extending these computational and vibrational
studies to 12t4 and 18t6 and their metal complexes.
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Introduction: Recently, the short-lived reactive
intermediates 1-aza-2-azoniaallene cations 1 (Figure
1) were used in the synthesis of various 1,2,4-triazole
compounds via cycloaddition reaction with various
unsaturated precursors in the presence of lewis acid.
In my recent work, these cations have been utilized
in the synthesis of new type of 1,2,4-triazole
compound such as acyclic C-nucleosides, C-
nucleosides of D-mannose, as well as attached to

thymine, phthalimids, indols and quinolone,
benzotriazoles, 3-triazolo-thymidine, piperazines
and thiophenes.

R2

+
>_— N=N “

R 1 RZ MClh
Figure 4
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Abstract:

Solar energy conversion with high efficiency and
economically competitive solar cells represent the
main task of many research groups [1, 2]. The
fabrication of solar cells has passed through a large
number of improvement steps. The first generation
solar cells were based on Si wafers, mainly single
crystals. Permanent researches on cost reduction
and improved solar cell efficiency have led to the
marketing of solar modules having 12-16% solar
conversion efficiency. Application of
polycrystalline Si and other forms of Si have
reduced the cost but on the expense of the solar
conversion efficiency. Some new ideas about the
use of porous Si on Si to achieve higher solar
conversion efficiencies are now in progress [2, 3].
The usefulness of the porous structure was
extended to include Titania (TiO,) and the
technological applications were also extended to
optoelectronics and medical applications [4].

AaB

Porous Silicon of micropores

Argriculture, aeration of fishponds

Polycrystalline Si panels

—
i nm

Porous Si and Porous Titania (TiO,)
of different pore structures

Until now the main energy source of what is called
the third world (developing or poor south) countries
is the fossil fuels (oil, gas and coal). These
countries represent about 85% of the world
population. Unfortunately, the fossil fuels are not
renewable and the reserves about to finish in near
future if the production was kept constant as
presented in the next tables. The environmental
pollution problem is another issue.
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World Gas Reserves 2006

Trillion cubic ft % of World R/P Ratio(y)
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3

thickness [um]

o
o

6405.5 100 63.3

Based on thin film technology, a second generation
solar cells have been developed. Materials like
amorphous Si, CIS (copper-indium-selinide) and t-
Si were used and efficiencies of about 12% have
been achieved with a remarkable cost reduction due
to less consumption of materials.

]

300 pm

20
20um um

1,5 um

1,0 um

0,3 um

o -

FeS, CulnSe, CulnS, CdTe GaAs a-Si (_gj

Theoretical thickness of PV materials

In the last decade, a third generation solar cells
based on nano-porous materials and quantum dots
have been developed [5, 6]. In Kansas State
University, a research group has developed solar
cells based on GaAs nanoparticles. An advanced
photovoltaic cell, originally developed for satellites
with solar conversion efficiency of 37.3%, based on
concentration of the solar spectrum up to 400 suns
was developed. It is based on extremely thin
concentration cells.

New synthetic strategies have been
developed to design nanostructure architectures of
semiconductors, metals, polymers and light
harvesting assemblies. Some examples have unique
optical, photocatalytic and photoelectrochemical
properties of nanostructures. New sensitizer or
semiconductor systems are necessary to broaden the
photoresponse in solar spectrum. Hybrides of solar
and conventional devices may provide an interim
benefit in seeking economically valuable devices
[5]. In 2008 new quantum dot solar cells based on
CdSe-TiO, architecture have been developed [6].
With increasing demand for clean energy
alternatives an increasing interest from private
sector and venture capitalist investment could be
achieved, where major breakthroughs in developing
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economically viable solar energy conversion
devices are expected.

More efficient conversion of solar energy into
electricity by  recent  developments in
nanotechnology found potential applications in
Saudi Arabia, where a whole sunny climate all over
the year is ideally suited for such application. The
new devices based on nano-sized particles are
expected not only to have higher conversion
efficiencies compared to conventional solar cells,
but are most likely to bring the costs to compete
with electricity generated from fossil fuels [7].
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Introduction:

The development of new multifunctionnal
materials is in growing interest in the recent years. In
particular, multiferroic materials, which exhibit both
electronic and magnetic properties, are very useful
for applications in memory devices, especially when
deposited in thin films.

Recently, much attention has been focused on the
elaboration of artificial heterostructures : indeed,
controlling the strain and the composition of
ferroelectric superlattices allows the tuning of
structural and electronic properties like the
spontaneous polarization.

In this work, first-principles calculations were
performed to describe the structural, electronic,
magnetic and ferroelectric properties of (SrTiO;),-
(BiFeO;),, heterostructures with potentially enhanced
multiferroic properties, using density functional
theory within the generalized gradient approximation
(GGA) and the GGA+U method, as implemented in
the Vienna Ab-initio Simulation Package (VASP)
code.

These superlattices consist in an alternation of
BiFeO; (rthombohedral, R3c) and SrTiO; (cubic,
Fd3m) unit cells along the [001] direction. For each
heterostructure, the atomic positions and lattice
constants were optimized and the electronic ground-
state  properties are calculated. Spontaneous
polarization of each heterostructure was described
using the Berry-phase method. The influence of the
in-plane strain on the multiferroic properties of these
superlattices is also investigated.

Structural optimizations were performed on
(STO),(BFO), and (STO)4BFO), heterostructures,
with an initial in-plane parameter equal to the
equilibrium lattice constant of STO.

The first results reveal that the in-plane lattice
constant takes an intermediate value between the
equilibrium lattice constants of SrTiO; and BiFeO;.
Moreover, we observed an elongation of each
superlattice along the ¢ axis, due to a pronounced
elongation of the layers at the interface STO/BFO,

while outer layers undergo a slight compression
along the c axis.

The effect of the epitaxial strain imposed by a
cubic substrate (like STO), by varying the in-plane
lattice constant, with a ranging from a0 -5% and a0 +
5% in steps of 1 %, allowing all atomic positions and
the out-of-plane lattice constant to relax fully until
the energy is minimized, has also been studied.
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Figure 1: Crystal structure of the (STO),-(BFO),
heterostructures
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New kind of antimonide-based InAs/GaSb/InSb
short-period superlattice (SPSL) laser diode on GaSb
substrate for mid-infrared emission has been
modelled by an accurate eight-band k.p model. By
using a realistic graded and asymmetric interface
profile, calculated energy gap between the electron
and heavy-hole miniband shows good agreement
with our experimental data. Optical gain and
threshold current density are then presented and
compared with experimental results of SPSL laser
diodes operating in pulsed regime. Analysis of the
optical performances obtained at room temperature is
made.
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Figure 5: PL spectra from the SPSL structure at 90K
and 300K compared with the calculated wavelength
values: dashed arrows for the abrupt profile and solid
arrows for the segregated profile.

Fig.1 displays PL spectra obtained for the designed
SPSL structure at 90K and 300K, exhibiting a peak
at 3.27um and 3.75 pm, respectively. Dashed arrows
show the calculated wavelength assuming perfectly
abrupt interfaces (InAs-GaSb and GaSb-InAs) and
solid arrows for the segregated profile. One can see
that in the case of abrupt profile the transition
energies are extremely overestimated by 70-90 meV.
However, by using appropriate segregated interface
profiles, good agreement is obtained between the
modelling results and experimental PL spectra.
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To fit the experimental values, we have taken into
account the effects of interface by introducing an
interface layer that comprises 2MLs of material with
graded composition, of which IML was taken from
GaSb and another from InAs. This material is the
quaternary Ga,In; As;.,Sb,, where x and y may be
independent. For simplicity, we have used
(InAs)«(GaSb),, as interface layer. This interface
layer is constructed on the basis of different
dominating interface-disorder mechanisms for the
two interfaces GaSb on InAs and InAs on GaSb.
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The antimonide-based system provides great
potential for photonic devices in a wide wavelength
range, including the useful 3-5 pm mid-infrared
atmospheric window. In combination with InAs
binary, antimonides (Sb) can form type-II with
broken-gap band alignment (also called type-III).
These types of heterostructures are particularly
relevant because of the expected suppression of non-
radiative Auger recombinations in such design [1].
One material system that shows promise for emission
at ambient temperature is  (InAs),/(GaSb),
superlattices (SLs) on GaSb substrate [2]. The use of
these superlattices for mid-infrared lasers and
photodetectors depends on the successful growth of
the periodic structures but also to the accurate design
of their band gaps. Indeed, in the InAs/GaSb SLs, the
heterointerface presents a type-Il broken gap
alignment wherein the valence band of GaSb is about
150 meV above the conduction band of InAs [3],
making interband optical transitions between the
confined electron and hole miniband states possible.

In order to reduce the natural tensile strain of the
InAs layer on GaSb, it is well known that intentional
insertion of highly-strained (e=6.3%) InSb layer in
each SPSL's period has to be considered [4] for the
fabrication of high quality samples.

In the present work the electronic band-structure
and optical gain of InAs/GaSb/InSb short-period
superlattice laser diode on GaSb substrate are
numerically investigated with an accurate 8x8 Kk.p
model. By using a realistic graded and asymmetric
interface  profile  based on  experimental
measurements, we obtain a good agreement on band
gap energy with the experimental data extracted from
laser emission performed on laser diode. The optical
performance in term of optical gain is then calculated
for the laser structure and we demonstrate the utility
of interface design to model short-period superlattice
structures.
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Abstract

Surface functionalization is a useful technique to
modify materials properties such as wettability,
biocompatibility, adhesion, flame resistance, optical
response, surface conductivity, tribology and
catalytic activity, while maintaining bulk properties
of functionalized substrates.

Low temperature plasma treatment of polymeric
materials brings about several effects on their
surfaces, such as cleaning, chain scission,
volatilization of smaller polymer fragments and
formation of radicals, which may lead to
crosslinking, chemical incorporation and formation
of oxidized species upon re-exposure of the treated
material to atmosphere.

Chlorophosphazenes are compounds of general
formula (NPCI2)n, existing both as high molecular
weight linear polymers (n=10,000-15,000) and as
cyclic oligomers (n=3,4). P-Cl units of these
compounds can react with a great variety of
nucleophiles, e.g. alcohols, phenols, and primary or
secondary amines, leading to the formation of strong
covalent P-OR, P-NR2 or P-NHR bonds,
respectively.

In the present work a general three-step strategy
was devised for the surface functionalization of high
density polyethylene (HDPE) plates, by exploiting
chlorophosphazenes as coupling agents. The
polymeric substrate is first treated with low pressure
cold Ar plasma and subsequently exposed to the
atmosphere to form oxidized species (e.g. OH, OR,
COOH, COOR, etc.) on the surface. Hydroxy groups
thus formed were then reacted in the second step
with  hexachlorocyclophosphazene (HCCP) or,
alternatively, with polydichlorophosphazene
(PDCP), by simple immersion of the plasma-treated
HDPE samples in solutions of HCCP and PDCP.

oPI2

During reaction, only part of the chlorines of the
phosphazenes were utilized to graft the molecules
onto the HDPE plates surface. The remaining P-Cl
moieties were exploited in the third step of the
procedure, where they were reacted with 2,22-
trifluoroethanol or 1,1-H-heptadecafluorononanol
according to classic phosphazene chemistry[3], again
by immersion of the substrates in solutions of the
alcoholates of fluorinated nucleophiles. The obtained
materials were characterized by ATR-IR, contact
angle, XPS and SEM techniques. They present
potentially interesting applications as biocompatible
materials.

It is worth stressing that the character of the
presented procedure leading to the modification of
surface properties of the samples is completely
general. Thanks to the versatility of phosphazene
chemistry, in fact, the introduction of an almost
unlimited variety of nucleophiles onto the substrate
surface can be achieved, granting a series of different
properties to be obtained. Moreover, surface
activation through plasma can be in principle
extended to other substrates, thus opening even wider
perspectives for the proposed surface
functionalization strategy.
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Red blood cells (RBCs) occupy approximately
45% of the total blood volume, whereas other blood
corpuscles including white cells compose less than
1%. The remaining blood volume consists of plasma.
RBCs are the most common type of blood cells
found in vertebrate organisms. Their main function is
to transport oxygen from the lungs to bodily tissues
via the microcirculatory system (the arterioles and
capillaries).

To date blood flow has been described by means
of phenomenological continuum models that require
many assumptions which are difficult both to justify
and to validate. Furthermore, the modern view of
complex fluids has highlighted the intimate coupling
between the dynamics of the microscopic suspended
entities (RBCs in the example of blood) and the flow
at the global scale. This implies that the macroscopic
law of blood flow should carry information on the
microscopic scale, such as the orientation of the
cells, their individual and collective dynamics, their
local concentration (hematocrit), and so on...

I will discuss questions pertaining to blood cells
dynamics. The first focus will be directed towards
blood flow. Several types of methods are used: (i)
analytical, (ii) boundary integral formulation, (iii)
level set and phase field, and (vi) Lattice Boltzmann
methods. We present results of a single cell under
shear flow, and then under a parabolic flow (this type
of flow is relevant to blood flow). Under shear flow
cells may undergo a variety of dynamics (tank-
treading, vacillating-breathing, tumbling,
kayaking...), and these dynamics have a direct
impact on the overall blood flow properties
(rheology). We will then address the question of
why do red blood cells adopt a non symmetric shape
(called a slipper shape) even in a symmetric flow ?
The adoption of this shape is shown to result from
instability of the symmetric shape. It will further be
shown that by adopting a slipper shape the red cell
acquires a better flow efficiency. In addition the
slipper favors mixing of the internal fluid, and may
thus help blood flow transport and oxygen delivery.

In the second part I will address the notion of cell
motility assisted by actin-driven polymerization
(actin is a protein found in the cell cytoplasm). It will
be shown that the cell can undergo a spontaneous
symmetry breaking leading to polarization (Figure

2). Some biomimetic experiments will be
presented showing that even a bead on which actin
polymerization can take place may undergo a
spontaneous symmetry breaking and acquires a
motion. I will show how these kinds of biological
simplifications offer a fruitful terrain for building a
firm basis on elementary processes that are decisive

in real life.
BC

Parachute-like shape of a REC

Slipper-kke shape of 2 K

Figure 6: Top: slipper shape. Bottom parachute shape
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Figure 2 : In red actin gel growing on bead (white)
and undergoing spontaneous symmetry breaking
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Some metal ions are essential for living cells as
co-factors for metalloproteins; but, they are also
potentially toxic. Therefore, some proteins in the cell
act as metal transporters and metal chaperons.
Copper is one of these essential metals whose
damage should also be avoided by copper
chaperones. Saccharomyces cerevisiae is the yeast
that has been commonly studied to determine the
complex pathways of copper trafficking. One of
these pathways includes Atx1l protein, copper
chaperon for Ccc2 which is a P-type ATPase cation
transporter. Atxl copper chaperone’s functional
homologues were identified in organisms varying
from bacteria to humans. These polypeptides are
small, consisting of approximately 70 amino acids
and have a common MXCXXC motif, where M is
methionine, C is cysteine and X is any amino acid.
Atx1 is thought to bind copper via the two cysteine
residues.

In this part, the structure of MXCXXC motif
will be investigated by computational methods.
HyperChem software will be used for computations.
Initially, threonine is chosen for the first X residue
and small amino acids (i.e. glycine) for the other X
residues. In the following step, small amino acids
will be used in different combinations for the three X
residues. Thus, it is aimed to clarify if these X
residues may provide selectivity for copper binding.
We will also focus on the understanding of the exact
mechanism of copper binding. The calculations will
be repeated with quantum mechanics by using the
Density Functional Theory methods (DFT) methods
implemented in Gaussian series of programs.

A plasma membrane protein complex consisting
of a multicopper ferroxidase enzyme and a ferric iron
permease is responsible for high affinity iron uptake
in fungi. In S.s cerevisiae, Ftrlp is the permease
component of the high affinity iron-uptake complex,
namely Fet3p—Ftrlp complex. Ftrl is considered to
be a multi-pass transmembrane protein with seven
transmembrane segments, which contain two
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REXLE sequence motifs that are essential for ferric
iron (Fe3+) binding and uptake. In this part, we will
investigate the binding site, REXLE motif, using
molecular mechanics (CHARMM). Seven different
amino acids (G, L, V, A, C, S and T) are used for X,
and comparative conformational analyses will be
performed in the presence or absence of Fe3+.
Furthermore, same analysis will be carried out for
REXXE motif using the same seven amino acids.
The preliminary comparative results indicated that
the most possible two sequences playing role in iron
binding were REGLE and RECLE.

X ¥

MTCGTC with 2 Cu**

MTCATC with 2 Cu**

MTCATC with 2 Cu®

Figure 7: Some structures obtained for MXCXXC-
Cu interactions

This work is supported by TUBITAK Grant No:
109T616 as part of the COST Action CM0902
“Molecular machineries for ion translocation across
biomembranes”.
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Introduction: The natural energy resources are
diminishing, and their continued use has become
more harmful for the environment. Therefore, efforts
to develop alternative energy resources and fuels
have become major goals for the scientific
community. Dihydrogen is one of the future fuels
that causes no deleterious products for the
environment. Efficient production of dihydrogen in
good yield has become a challenge, and there has
been much research aimed at overcoming this
challenge. Biomimetic catalysts are based on the
active site of [FeFe]-hydrogenases.” >  Recently,
diiron complexes containing diselenolato ligands
have been prepared and substituted. More recently,
we prepare a series of model complexes containing
dithiolato, diselenolato, ditellerrolato and mixed
chalcogenio ligand. Spectroscopic and theoretical
investigation of these complexes are reported.’

Content: [FeFe]-hydrogenase-active-site models
containing larger chalcogens such as Se or Te have
exhibited greater electron richness at the metal
centers and smaller gas-phase ionization energies and
reorganization energies relative to molecules
containing S atoms. Diiron complexes related to the
much-studied molecule [Fe2(u-SC3H6S)(CO)6] (1)
have been prepared with one S atom replaced either
by one Se atom to give [Fe2(u-SC3H6Se)(CO)6] (2)
or by one Te atom to give [Fe2(u-SC3H6Te)(CO)6]
(3).*® The molecules have been characterized by use
of mass spectrometry and BC{'H} NMR,
7’Se{1H} NMR, IR, and photoelectron spectroscopic
techniques along with structure determination with
single-crystal X-ray diffraction, electrochemical
measurements, and DFT calculations. He 1
photoelectron spectra and DFT computations of 2
and 3 show a lowering of ionization energies relative
to those of the all-sulfur complex 1, indicating
increased electron richness at the metal centers that
favors electrocatalytic reduction of protons from
weak acids to produce H2. However, chalcogen
substitution from S to Se or Te also causes an
increase in the Fe—Fe bond length, which disfavors
the formation of a carbonyl-bridged “rotated”
structure, as also shown by the photoelectron spectra
and computations. This “rotated” structure is

believed to be important in the mechanism of H2
production. As a consequence of the competing
influences of increased electron richness at the
metals with less favorable “rotated” structures, the
catalytic efficiency of the Se and Te molecules 2 and
3 is found to be comparable to that of molecule 1.**
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Figure 8: Structure of Complexes
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Introduction:

Force-field-based atomistic ~ simulations of
host—guest supramolecular complexes between f-
cyclodextrin (B-CD) and two sorbitol esters have
been analyzed with respect to relative orientation and
interaction energies, explicitly considering solvent
(water) molecules. The guest molecules were sorbitol
esters of oleic acid (1) or stearic (2) . The studied
host-guest complexes are sketched in Figure 1. The
initial configuration of B-CD was obtained from the
crystal structure of a B-CD hydrate [1] whereas the
geometries of guest molecules were built with
Gausview software [2].

prevent molecules from being artificially split when
one of the atoms was inside and another was outside
the atom-based cutoff. The correct density of the
system was checked by performing a relaxation run
under  isobaric—isothermal  conditions at a
temperature of 298 K, which left the box size
unchanged.

Constant temperature MD simulations were
performed with a time step of 1 fs applying the
Verlet velocity algorithm. The overall simulation
time of a single run ranged from 1 to 10 ns. For the
whole simulation procedure the Amber10 suite of
program [3] were used using the general force field

a b

C d

1]

Figure 1. The different studied Host-Geust complexes formed by sorbitol ester (1) or (2) and one (two or

three) B-CDs

The molecular dynamics (MD) simulation
of a single host—guest complex in aqueous solution
was carried out in a parallelepiped box with periodic
boundary conditions in all directions. The simulation
box contain one (two or three) f-CDs and one guest
molecule, (1) or (2), and up to 2500 water molecules
corresponding to a density of 1 g/cm3, characteristic
of ambient temperature (298 K). The box was large
enough that any interactions between a molecule and
its periodic images was avoided, thus correctly
simulating an infinitely diluted solution. For the
nonbonding interactions, charge groups were used to

OPI6

parameters (GAFF) [ 4] and TIP3P water model [5].
Atomic charges for guest molecules were obtained
by the restrained electrostatic potential (RESP)
methodology, electrostatic potentials were generated
at DFT (B3LYP) level with 631G* basis set. For [-
CD the charges were taken from reference [6] . The
DFT calculations were performed with Gaussian03
software [7]. The obtained MD trajectories were used
to estimate the binding free energies (AGy,q) of the
Host:Guest complexes using the molecular
mechanics Poisson Boltzmann surface area (MM-
PBSA) method.
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For both sorbitol esters, the calculations revealed
different stable orientations within one or more [-
CDs. In addition, the binding free energies
calculation indicates that the the apolar contributions
(AeyawtAGponporar) are the driving forces for binding
in theses complexes. The results show also that
inclusion complexes formed by (2) and B-CDs are
more stable due to the presence of more flexible
chains. The higher rotational degrees of freedom of
(2) leads to a more favorable complexation entropy,
where more of the hydrophobic chains can fit
properly into the B-CD cavity.
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Abstract: Many physical properties of materials,
concerning for example the transport, are directly
connected to theirs electronic band structures and are
mainly controlled by the behavior of electronic states
located in the vicinity of the Fermi level. Exotic
phenomena about the behavior of electrons inside the
solid were a long time ago predicted by the quantum
mechanic  physics and are only recently
experimentally proved, in particular for systems of
extremely reduced dimensions. Perhaps on can refer
to the superconductivity as the most prestigious
phenomenon thoroughly investigated over the last
decades in order to draw a clear
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picture of the underlying physics. Much interest has
also been devoted to the behavior of the surface
states, which were successfully used as a model
system to explore many-body-effect through
different electronic interactions in the solid (electron-
electron, electron-phonon and electron-defect) and
have also recently opened up the way for new
spintronic developments. Here, I will give an
overview of recent experimental observations of
fundamental effect concerning spectroscopic
properties of low energy electronic states close to the
Fermi level studied by angle resolved photoemission
and band structure calculations.
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As part of our starting project on the interaction
of iron atom and iron clusters with polycyclic
aromatic hydrocarbons (PAHSs), a theoretical study
the Fey(benzene) system have been conducted using
density functional method with various combinations
of exchange and correlation functionals.

Three types of coordination modes were used as
starting point for geometry optimisation, namely an
n° and n* coordination mode (perpendicular) and a
parallel configuration. Spin states ranging from
singlet (S=0; open shell) to S=4 have been
characterized. For all spin state the perpendicular
configuration is more stable than the parallel one (see
Table 1). The ground state structure corresponds to
an M° coordination mode with a septet (S=3) spin
multiplicity with all used combination of functionals
(see Figure 1 and Table 2). The calculated
vibrational spectra of the obtained lowest energy
structure agrees well with that observed by Ball et al.
[1] in argon matrix. Comparison is made with a very
recent theoretical study of Parker [2] and Valencia et
al. [3].

Figure 9: h® coordination mode of Fe,-benzene
complex.

Table 1: Calculated bonding energies (eV) of
different coordination mode and spin states of n° Fe,-
Benzene complexes

Spin state perpendicular parallel
singlet -0.77 -
triplet -0.73 +0.33
quintet -0.25 +0.09
septet -0.85 -0.46
nonet -0.17 0.07

Table 2: Calculated relative energies (eV) of
different spin states of n° Fe,-Benzene complexes.

Spin state MPWIPWI1 B3LYP
singlet 0.08 0.09
triplet 0.12 0.19
quintet 0.60 0.64
septet 0.00 0.00
nonet 0.69 dissociates
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Simulation of complex particle systems, such as
biomolecular or soft matter systems, by means of
classical force field methods is a very demanding
task. Due to the presence of a variety of time scales
ranging from femto- to micro-seconds or longer, all-
atom simulations of solvated molecules are restricted
to relatively small scales, both in time and length.

Considering classical force fields one can
nevertheless optimise the methods and algorithms in
such a way that the computational complexity
becomes optimal, i.e. O(N). Furthermore one can try
to perform a seperation of time scales, e.g. intra- vs
intermolecular motions or hydrodynamic modes.
Finally, parallelization is often key to tackle
problems on extended scales.

OP20

In the talk, several optimal methods for
intermolecular interactions, including methods

for short- and long range interactions, such as
optimised list techniques or hierarchical methods for
electrostatics are presented. Also methods based on
time scale seperation are discussed, including the
coupling between microscopic and mesoscopic
medium  descriptions, leading to mesoscopic
hydrodynamics, which can be modelled e.g. by
stochastic particle collisions.

Finally, parallelisation of particle simulation
methods is addressed and it is demonstrated, which
gain may be achieved by using supercomputers for
the simulation of complex systems.
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Abstract:

n°cyclopentadienyl(tricarbonyl)methylmolybden
um(Il) (1) is oxidized by tert-butylhydroperoxide
(TBHP) to yield in the first step m’-
cyclopentadienyl(dioxo)methyl molybdenum(VT)
(2). This compound further reacts with excess of
TBHP to form n°-cyclopentadienyl(oxo)-
(peroxo)methyl molybdenum(VI) (3). The solid state
structure of this compound has been determined by
X-ray crystallography. Compounds 2 and 3 are
unable to epoxidize olefins when wused in
stoichiometric amounts in the absence of TBHP, and
decompose, but addition of TBHP leads, in both
cases, to olefin epoxidation. The conversion of
compound 2 to 3 competes with the formation of an
active species C, able to catalyze the olefin
epoxidation. Compound 3

also leads to an active species I, which is, however,
less active than that formed from compound 2. DFT
calculations indicate that intermediates C and I both
display end-on bound alkyl peroxo ligands, and
activation.
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Computational Insight: Oral Phosphodiesterase 5 Inhibitors
for Erectile Dysfunction
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The talk will highlight the mechanisms by which
different phosphodiesterase 5 inhibitors interact with
the enzyme and the shortcomings of some current co-
crystallized proteins with the inhibitors.

In view of the docking and in vitro binding
studies of novel tadalafil analogues a plausible
explanation of the steric and stereochemical aspects

involved in the interaction and new potential types of

interaction will be revealed and discussed.

Figure 1: Docked pose of a new active compound
(orange) in the cavity of lUDU superimposed on
tadalafil (white) featuring van-der-Waals spheres on
the chlorine atoms
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Abstract:

A new variational impact parameter
approach to the process of direct electronic excitation
of atoms by impact of ions at intermediate velocities
regimes was shown to be very successful in
predicting the saturation of cross sections when the
projectile charge is increased. In our approach, this
new procedure is based on the fractional form of the
Schwinger variational principle and applied to study
K-shell excitation of Ca'®" (1s) ions impinging at 8.6
MeV/amu on various gases (H,, He, N,, O,, Ne, Ar,
Kr, Xe). The excitation cross sections are compared
with the Glauber and the Plane wave Born
approximation. All obtained results stay in good
agreement with experimental data of Xiang-Yuan et

al [1].

In the present study, the target propagator
G+
T
spectrum of the target and the contribution of the
continuum has been taken into account using an
analytical continuation which consists to evaluate the
part close to ionisation threshold [2-5].
Initially, the excitation of Ca'**(1s?) to the
levels (1s, nl) was made with a set of 5 orbitals : B;
= B, ={ls, ns, npy, np+1, np.1} where n =2, 3. This
procedure was called the Schw55. In our new
approach, and in order to refine this varaiational
procedure, the calculations are performed and the

has been expanded on the whole discrete

wave functions ‘ l//; > and ‘W}> are expended on

fourteen-states basis set as B; = B,={1s , 2s , 2py ,
2p1 s Zp-l 93S ) 3p09 3p19 3p»17 3d09 3d19 3d»17 3d29 3d-2}
which is called Schw1414 [2,5].

Experimentally, the excitation cross sections
were determined from coincidence measurements
between projectile K x-ray and the projectile charge
state fraction which had not undergone charge
exchange in passage through the target. [1].

The total excitation cross sections of the
level (1s,n]) of Ca'®'(1s%) by various gases of nuclear

charges Zp, are plotted as function of Zp. Finally, it
should be noted that an good agreement

is observed between the present calculation (Schw55,
Schw1414) and the experimental data of Xiang-Yuan
etal [1].
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Figure: Excitation Cross sections of the n=2 level of
Ca'" (1s%) impinging at an energy 8.6 MeV/u on
various target of nuclear charge Zp indicated in the
abscise
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Abstract

One of the most important properties of supercritical
fluids (SCF) is the density inhomogeneity (the radial
and mutual orientation distributions of molecules
when approaching the critical point). From the
microscopic point of view the formation of
inhomogeneities in the fluid is associated with the
compressibility behavior which increases drastically
near the critical point. As a consequence, the
properties of supercritical fluids can be varied
continuously and markedly from gas-like to liquid-
like values with a small change in pressure or/and
temperature. This feature makes SCF attractive
alternatives to liquid solvents for the use in the
developments of new chemical processes. In several
previously reported experimental and theoretical
studies the importance of density inhomogeneity
distribution in the determination of SCF properties

has been clearly underlined.
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In this contribution, we offer a new method to
analyze the inhomogeneity distributions of particles
in sub and supercritical conditions. This method
combines numerical methods and data mining
approaches. The probability distributions of
molecules are evaluated using algorithm relaying on
the density based clustering. When this algorithm is
used to calculate the probability distribution of
domains, one is faced with the choice of the
minimum number of atoms in the density-domains
and the spatial extent of these density-domains. In
principal the choice of these parameters is arbitrary.
However, in order to rationalize the choice of these
parameters, we propose to use the radial nearest
neighbors approach which allows to determine the
two input parameters based on the value of the
average density for the calculation of the probability
distribution of the number of density-domains and

the number of particles in each density-domain.
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Motivations: The 4th generation is troubled by the
electroweak precision test (EWPT) S parameter. How-
ever, this severe constraint is softened when one allows
some t'—b" mass splitting that contributes to T parame-
ter. With the LHC, we finally have a machine that can
discover or rule out the 4th generation once and for all
by direct search [1]. There is in fact renewed interest at
the Tevatron. CDF has searched for t' and I, setting the
95% C.L. limits of my > 311 GeV and my > 325 GeV,
respectively.

Moreover, 4th generation could enhance the invariant
CPV measure of Jarlskog by a factor of 10 [2], and
perhaps could satisty the CPV part of the Sakharov con-
ditions for baryogenesis in the early Universe.

Motivated by the BSM source of CPV, and with
heightened direct search activity, we ask: What can the
direct discovery of the ¥ and ' quarks do for the quest
of CPV? We find the best case to be Havor changing
neutral current (FCNC) b — s decays, with b around
and above the tW threshold (see Fig. 1).

Mechanism of CPV: CPV requires two interfer-
ing amplitudes M = M; + M3, and the CP asymmetry
is

_ 2| My || Mz |sin ésin ¢ (1)
T IML? M2 4 2|M || M| cosdcos ¢

Acp

which vanishes unless both the weak and “strong” phase
differences ¢ = ¢o — ¢ and & = d; — 6; are nonzero.
The w quark effect in Fig. 1 is suppressed by a tiny
Vo Vs, Alternatively, ¢ = ¢, u are effectively massless,
and provide a GIM subtraction to the t and ¢’ amplitudes

via Vi Ve + VitVip + Vi Ve = 0, giving
Mi—s = VeV A(t,0) + VI Ve A, 0), (2)

with Aa, b) = f(ma) — f(ms), and f the loop function.

Let us consider the C'P conserving phase difference
& between A(t,0) and A(t',0). Having both ¢/, &', and
even the top rather heavy, enriches the strong phase
difference sind in Eq. (2). For &' below tW (hence t'W)
threshold, both the ¢ and t' effects are dispersive, the

Fig. 1: " — s loop transition, where the cut is for ¢ and £.
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Fig. 2: Contour plots of Acp for b’ — 57 (left) and b — s+

(right) in me—| Vi Virw | plane, with me = mee +50 GeV, with
\ e " 3 = i

arg(— Vi, Viw ) = 70°, and ViV = —0.01 1 Vi =01
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strong phase difference between GIM-subtracted ¢ and
t' contributions are subdued. But as the {W threshold
(illustrated by the eut in Fig. 1) is approached, the
dispersive ¢ amplitude gets affected, and sind starts
to grow. Above tW threshold, the behavior of sind
depends on my, e.g. whether it is correlated with g
due to electroweak constraints. It also depends on the
process. Note that the processes b’ — b, the t' — £, ¢,
and the t — ¢ transitions all turn out to be dominated
by a single amplitude, and, according to Eq. (1), cannot
generate much Acp.

From Eq. (2), we see that ¥ — s transitions are
controlled by Vi V.

CPV in ' — s Transitions The contours of Acp in
the plane of myp and |V} Vies| is plotted in Fig. 2 for
b — sZ and b — sy decays, with my = my + 50 GeV.
One sees clearly that the largest Acp occurs around
tW threshold, and for |Vyi Vi| approaching ViiViy in
strength. We see from Fig. 2 that maximal Acp occurs

for |V Vi | not far from |ViVew|, as can be understood

from Eq. (1).

We see that Acp(b' — sZ) can in principle go up to
more than 70%, especially if my, my = 350 GeV or so
(and mp > me would be better). Larger asymmetries
are possible for ' — sv, and extending to high my .
Conclusion In conclusion, the best scenario for CPV
studies at high energy collider is for » — s decays.
One would first have to discover the 4th generation,
preferably around 300 GeV or so. After sorting out the
dominant decays, one would have to identify ¥ — sZ or
B — s+ channels, and then tag the other b’
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Abstract: Due to its unique properties, laser light
can be used in wide range of different applications.
All biomedical laser applications are based on the
interaction of laser light with biological substances,
such interaction causes a broad spectrum of effects.
In the simplest case, low intensity laser light is
absorbed, reflected or reradiated as fluorescence by
the substance without any change, such interactions
form the basis of laser diagnostics in biology and
medicine, both for diagnosis at the atomic or
molecular level (micro-diagnosis) and at the level of
cells and organs (macro-diagnosis).In the other hand
laser light can interact with bio-maters through
photothermal,photoablation and  photochemical
effects which find practical applications in photo-
medicine and surgery. In this review we will discuss
the effects of lasers on biosubstances and their
applications in biology and medicine as diagnostic,
therapeutic and surgical tool.

Keywords: laser, bio-medicine, biosubstance,
effect, applications .
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Résumé :

Ces derniéres années, plusieurs équipes explorent
différentes stratégies pour augmenter la température
de fonctionnement des transistors a un électron
(Single Electron Transistors: SETs) compatibles
avec la technologie CMOS. Dans ces dispositifs qui
utilisent le mécanisme de blocage de Coulomb, la
condition de fonctionnement repose sur 1’énergie de
charge d’un I'flot conducteur ou semi-conducteur
placé entre la source et le drain qui doit étre bien
supérieure a 1’énergie thermique. La problématique
étant d’augmenter 1’énergie de charge Ec = ¢%/C., ol
C représente la capacité totale vue par I’1lot du SET,
il s’agit d’étudier les moyens technologiques de
réduire cette derniére.

Indépendamment du caractére métallique ou semi-
conducteur de I’ilot, la réduction de la capacité C
passe soit par la réduction de la taille de I’1lot, soit
par la réduction de toutes les capacités de liaison
avec les électrodes de source, de drain, de grille et de
substrat. Le cas idéal consistant a réduire a la fois la
dimension de [I’flot et toutes les capacités
ilot/¢électrodes. Nous présentons ici une revue des
résultats les plus marquants publiés récemment [1-4]
qui répondent aux mémes critéres: (i)
reproductibilité, (ii) compatibilit¢ avec un procédé
CMOS et (iii) fonctionnement a haute température.

Réf. Volume Ilot Co Ec Controle

[1] 2nm-Sidot (4.2nm§) 0.42 aF 0.377 eV Oxydation

[2] 10nm-Au dot (523 nm?) 4.42 aF 0.037 eV Fonctionnalisation
[3,4 Ti-2x10x60 (1200 nm’) 0.35aF 0.455eV CMP

]

L’analyse des résultats obtenus dans les différentes
approches montre que 1’utilisation d’ilots métalliques
permet de «relaxer » la dimension de ces derniers
sans forcément dégrader la capacité totale. Dans ce
cas, il semble que la forme de I’ilot et par suite les
surfaces des jonctions tunnel sont plus importantes
que le volume total. Ceci explique comment il est
possible d’obtenir de trés grandes énergies de charge,
et par suite, un fonctionnement a hautes
températures.

Apres avoir présenté les avantages et inconvénients
de chaque approche technologique en fonction des
applications visées (Mémoire et/ou Logique), nous
présenterons les principaux critéres qui permettent de
faire un choix : vitesse de commutation, sensibilité
aux charges parasites, effets des interconnexions,
effets du couplage aux couches CMOS, souplesse
des mode¢les compacts pour la conception.
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Carbon nanotubes (CNT) are representative of
nanosystemes. Regardless of their chirality, which
affects their electrical properties, their diameters are
measured in nanometers and thus allow to confine
molecules in their interior. They are composites by
inclusion noted molecule@CNT. Carbon nanotubes
may be sufficient, as a simple role of material carrier
in particular the anticancer drug carboplatin. This
role involves a diameter much larger than that of the
free molecule to prevent any chemical interaction
between the molecule and the nanotube. However, In
other situations, weak interactions between the
substrate and the nanotube are hoped to reveal a new

behavior as in the case of controlling the
conformation of the molecule TIBO, an anti-HIV, to
follow the mutation virus and reverse the effects of
drug resistance that severely limit the effectiveness
of the drug.

In the case where the energy of encapsulation is
important, so containment replaces an increase in
temperature or pressure. Finally, if the atoms of the
molecule are chemically bonded to carbon atoms of
the nanotube, new coordinators have stabilized and
opening the way for a new chapter in chemistry.
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Extensive studies of the reactions of carbocations
and Michael acceptors with n-, @, and o-
nucleophiles have shown that the rates of these
reactions can be described by eq. 1, where
electrophiles are characterized by one parameter (E),
while nucleophiles are characterized by the solvent-
dependent nucleophilicity parameter N and the slope-
parameter s [1]

lg k20°C = s(E+N) (1)
This type of reaction is involved in many

organocatalytic reaction cycles, e. g., the iminium-
catalyzed reactions depicted in Scheme 1.

Figure 1: Iminium catalysis in nucleophilic additions
to unsaturated aldehydes

By studying the kinetics of the reactions of iminium ions
with ketene acetals (reference nucleophiles), we have
determined the E parameters of the iminium ions
depicted in Scheme 2. In this contribution, we will show
how these data can be employed for analyzing scope and
selectivities of iminium-catalyzed reactions [2, 3].

0 P@ P@)- &
mr ST

Figure 2: Cinnamaldehyde-derived iminium ions.

COZ

Applications of the reactivity parameters N, s, and E to
analyze mechanistic aspects of enamine catalysis [3]
and Baylis-Hillman type reactions will be discussed
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A numerical matrix method relative to the
propagation of ultrasonic guided waves in
functionally graded piezoelectric material is given in
order to make a comparative study with the
respective performances of analytical methods
proposed in literature. The preliminary obtained
results show a good agreement, however numerical
approach has the advantage of conceptual simplicity
and flexibility brought about by the stiffness matrix
method. The propagation behaviour of Love waves
in a functionally graded piezoelectric material
(FGPM) is investigated in this article. It involves a
thin FGPM layer bonded perfectly to an elastic
substrate. The inhomogeneous FGPM hetero
structure has been stratified along the depth
direction, hence each layer can be considered as
homogeneous and the ordinary differential equation
method is applied.

OP30

The obtained solutions are used to study the effect of
an exponential gradient applied to physical
properties. Such numerical approach allows applying
different gradient variation for mechanical and
electrical properties. For this case, the obtained
results reveal opposite effects. The dispersive curves
and phase velocities of the Love wave propagation in
the layered piezoelectric film are obtained for
electrical open and short cases on the free surface,
respectively. The effect of gradient coefficients on
coupled electromechanical factor, on the stress fields,
the electrical potential and the mechanical
displacement are discussed, respectively. Illustration
is achieved on the well known hetero structure PZT-
5H/Si102, the obtained results are especially useful in
the design of high-performance acoustic surface
devices and accurately prediction of the Love wave
propagation behaviour.
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Abstract: we present an optical channel drop
filter based dual ring on photonic crystal ring
resonators. Its spectral information including
intensity, dropped efficiency affected by different
physical parameters were numerically analyzed with
2D finite-difference time domain technique

Introduction: The optical add-drop filter (ADF)
is one of the fundamental building blocks for optical
add-drop multiplexers (OADMSs), reconfigurable
OADMs, optical modulators, and optical switches
needed for silicon photonics, photonic integrated
circuits (PICs), and wavelengthdivision multiplexed
(WDM) optical communication systems. Significant
progress has been made on ADF based devices in the
areas of compactness, high spectral selectivity, wide
spectral tunability, fast switching, and low-power
switching. One of the most promising designs for
waveguided ADFs is the strip-based (or rib-based)
micro-ring resonator, wherein a circulating mode in
the ring is excited by the coupling of the forward
propagating wave in a nearby bus waveguide. Very
high spectral selectivity can be achieved due to the
high resonator quality factor Q and the ring’s
intrinsic single mode nature.

Dual-ring photonic crystal ring resonators

A B
D C
Figure 10: Dual-ring photonic crystal ring resonators
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Figure 3: Electric filed intensity of the dual ring
resonator’s resonant wavelength
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Abstract: in the present paper, we present a
complete analysis of channel filter based on
photonic crystals ring resonator. The normalized
transmission spectra have been investigated by
using the two-dimensional finite-difference time-
domain (FDTD) technique in a square lattice
dielectric-rod photonic crystal structure. With the
introduction of four scatters at the corners of quasi-
square ring, high wavelength selectivity and close to
100% drop efficiency can be obtained. We
investigate parameters which affects resonant
frequency in this channel filter. Theses parameters
include dielectric constant of coupling rods and
whole rods of the structure as well as radius of the
coupling rods and scatter rods.

Introduction: Photonic crystal structures are
considered for using in integrated nanophotonic
circuits. One of the most important devices for ultra-
dense integrated circuits is channel-drop filter
(CDF). CDFs, which extract one channel from
wavelength multiplexed signals and pass through
other channels undisturbed, are useful and essential
elements for photonic integrated circuits. Various
CDFs exist, such as fiber Bragg gratings, Fabry-
Perot filters, and arrayed waveguide gratings.
Resonant CDFs, which involve waveguide—cavity
interaction, are other attractive applicants for this
intention. In this paper, such a CDF is devised in
two-dimensional photonic crystal with a ring
resonator instead of point-defect cavity, where the
ring used realizes channel drop operation.

Illllc:::::::>lllll
IIIIOO:::::::wIIlII

Figure 11: Channel drop-filter based on photonic
crystals ring resonator
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Figure 3: Electric filed intensity of the ring
resonator’s resonant wavelength at 1500 nm
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Abstract: The High Pressure Scanning Electron
Microscope (HPSEM) is a SEM instrument able to
operate at several thousand Pa in it’s specimen
chamber. The collision of the electron beam with the
gas atoms or molecules generates positive ions which
neutralize the negative surface charge, thereby
facilitating the observation of non conductive
materials. Various gases can be used (air, nitrogen,
helium, water vapour). However, the electron beam
profile is modified by the presence of the gas so that
only a fraction of the beam remains unscattered,
leading to a beam spreading also called “skirt”.
[Danilatos, Kadoun, Mathieu]. The aim of this work
is to compare the behaviour of the electron beam in
CO,, H, and H,O respectively. To do this, we
implemented Monte Carlo calculations based upon
the modelling of electron-gas interactions. As it can
be seen in Figs 1 and 2, helium, gas appears to be the
best one since the unscattered fraction of the electron
beam remains quite high and the skirt is
approximately independent of pressure and remains
low. However in special cases, one should need the
use of CO, or H,0. CO, seems
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Figure 1: Non scattered fraction of the electron beam
versus the chamber pressure

to be less favorable and the pressure effect is more
pronounced for this gas than for water vapor.
However for pressures below 100 Pa (Fig.2), the
skirt is drastically reduced for CO,. Consequently
CO, gas could be used in variable pressure SEM
(VPSEM) where working distance is usually as high
as 1,5 cm and where the pressure can be
consequently lowered to small values.
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Figure 2: Skirt radius versus the chamber pressure
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Abstract: we demonstrate a new type of two-
dimensional photonic crystal wavelength division
demultiplexers based on ring resonators that can be
applicable to photonic integrated circuits. The
proposed structure mechanism is performed based on
coupling between a waveguide and a ring resonator.
FDTD method concludes output efficiency close to
100%.

Introduction:  Photonic crystals (PCs) have
inspired great interest recently because of their
potential ability to control light wave propagation.
Wavelength multiplexers are essential components in
wavelength division multiplexing for use in point-to-
point core networks. Dense-WDM (DWDM) systems
require highly accurate wavelength control of the
WDM light source and the wavelength multiplexer—
demultiplexer.

WAVELENGTH DIVISION DEMULTIPLEXER

. N :
Coon il

Figure 12: A fundamental element of WDM
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Figure 2: Normalized transmission spectra
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Figure 3: Electric filed intensity of the ring
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Figure 4: Electric filed intensity of the ring
resonator’s switching wavelength at 1550nm
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Abstract: We present ab initio density
functional theory calculations for the electronic and
magnetic structure of Mn-containing CuGaS,
chalcopyrite semiconductors. We find that the
substitution of Ga sites results in the formation half-
metallic ferromagnetic band, resulting from
hybridization of Mn-3d and nearest-neighboring S-
3p orbitals. These materials offer a potential for
spintronic applications at room temperature.

1. Introductiont: Semiconductor spintronics,
i.e., the use of electron spin as an additional degree
of freedom in electronic devices, is emerging as an
exciting new class of electronics with novel
functionality [1]. Specifically, much recent work has
focused on dilute magnetic semiconductors (DMS),
where a magnetic element is introduced into a non-
magnetic semiconductor. By far the best studied
DMS is MnxGal-xAs [2], but many other binary
semiconductor-based DMS have been investigated
both experimentally and theoretically [3]. Ternary
AB"XY" chalcopyrite compounds, which crystallize
in the chalcopyrite type structure (s.g.I-42d), were
proposed as a new class of ferromagnetic
semiconductors [4]. By ab initio calculations it was
found, that the ferromagnetic state is strongly
favoured. Curie temperatures of 100-150 K and
~160 K [5] were predicted for CuGaSe2 and CuGaS2
substituted with Mn on the Ga-site. Also the Curie
temperature should be higher by employing other
materials with smaller lattice constant. Calculations
on CuAll-xMnxS2 estimated Tc are 10% or more
higher than that of Culn; ,Mn,Se2 [6].

2. Details of calculations: The equilibrium
structural parameters were calculated using the
Vienna package WIEN2K [7]. This is an
implementation of a hybrid full-potential (linear)
augmented plane-wave plus local orbitals
(L/APW+lo) method within the density-functional
theory [8]. We use 64-atom supercells, (16Cu, 15Ga,
IMn and 16S atoms) placing one Mn in various
lattice positions. All atomic positions and lattice
constants are relaxed by minimizing the total energy.

3. Results and discussion: Fig.1 and 2 show
respectively the spin-dependent total and partial (3d
of Mn) density of states of (DOS) of CuGaMnS,
systems at its equilibrium lattice constant.
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Figure 13: spin-dependéﬁ{mt&él density of states of
(DOS) of CuGaMnS,
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Figure 2: spin-dependentE partlal density of states of
(DOS) of CuGaMnS, (Mn-3d)

Fig.1 shows the spin-dependent total density of states
(DOS). It is clear that there is a large exchange
splitting between the majority spin (spin-up) DOS
and the minority spin (spin-down) DOS around the
Fermi level and the majority spin electrons are
metallic while there is an energy gap at the Fermi
energy in the bands of the minority spin electrons.

We note from Fig.2 that the upper valence band
complex has Mn-d character, which differ widely for
spin up and spin down, i.e. the majority-spin DOS
around the Fermi level (EF) mainly originates from
the Mn-d. Near the Fermi level, however, the
majority-spin channel has a narrow band, while the
minority-spin channel exhibits a clean band gap.
Such an electronic structure is a typical signature of a
half-metallic ferromagnetic semiconductor.
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Abstract:

We present a molecular dynamics study of
structural and thermodynamic properties of SrO in
the rock-salt structure.

Based on a three-body potential, our results are in
agreement with experimental measurements and ab
initio calculations. The transferability of this
potential model is tested by simulating the Rock-salt
phase of SrO for varying temperature.

Various thermodynamic properties including the
Debye temperature, heat capacity, linear thermal
coefficient and melting point are predicted.
Calculations are extended to simulate also the liquid
phase in the rock-salt phase.
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Introduction : In semiconductors alloys the band

gap value and the lattice parameter are among the
most important physical parameters, since these
parameters control the band offset and the
mismatching in the different devices.
To further enhance our understanding of the
electronic properties of ZnS,Se, ternary alloy for
device application we have carried out an empirical
tight binding (TB) band structure on this alloy
coupled with an improved virtual crystal
approximation (VCA).. We introduce an empirical
correction factor in the VCA in order to take into
account the non-linear dependence with the
concentration.

Method : The TB method describe quite well the
dispersion of the valence bands of the binary
compounds, as well as the lower conduction band
edge in the high symmetry point after the inclusion
of the s* state (Vogl (1983)). For the ternary alloy
AB,C\., the TB parameters are calculating using the
VCA and are given by the weighted averages of the
corresponding end-point parameters :

Euv = XEﬁ’\E3 +(1- X)ES\? Where

Eﬂw (n,v= S,p3 ,5*) are TBPs of the j compound

(=AB,AC).

Then assuming that for ternary alloys the non linear
behaviour of Eg(x) comes from the biggest shift of
the conduction bands, compared with the
corresponding valence band edge and from the fact
that the s-on site parameters locate in energy the
conduction band minimum at I, D. Olguin et al.
(1999) Suggest a correction to the VCA expression
for the s on-site TBPs.

- - - without disorder
— with disorder
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> S rL
3 _

2
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Figure 1: Energy band gap of ZnS,Se; 4

In this new model we substitute the VCA expression
for the s on-site TBPs with an expression that include
an empirical bowing parameter :

Esv (x,b) = Esv (x)+byx(1-x)
Where the Esv (x) is the corresponding VCA

v=a,c

average for the s on-site TBPs and bv the empirical

bowing parameter and is given by :

A
AB AC
E sv. E Y%

by =tk T— 50
Vss _Vss

The sign + (-) is used for the cation (anion)
substitution. A and k are free parameters used to fit
Eg(x). For the ternary alloy ZnS,Se, x we use A = 1.0
and k=1.04. the results obtaining are shown on figure
1 for the energy band gap and figure 2 for the band
structure of ZnS)sSeq s .The bowing factor obtained
by (TBM) when including the correction term (ba= -
2.83) is br = 0.46. This value of the bowing
parameter of direct band gap is in good agreement
with the experimental result .
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ABSTRACT

First-principles  calculations of the electronic
structure and magnetic interaction of substitutional
europium rare-earth impurity in cubic GaN have
been performed using density functional theory
within the LSDA approach (local spin density
approximation). The Ga;,Gd,N is shown to be
semiconductors, where the filled f states are located
at the top of the valence bands and the empty ones at
the bottom of the conduction bands. The magnetic
interaction of the rare-earth ion with the host states at
the valence and conduction band edges has been
investigated and found to be weak in comparison
with Mn impurities.

PACS number (s): 71.27.+a, 71.55.Eq, 75.50. Pp.
Keywords: Rare-earth; GaN; ferromagnetism.

1. Introduction

Nitride semiconductors such as GaN and AIN have
emerged as new materials for light-emitting and laser
diodes and now prevailed as most important
semiconductors in optoelectronics . Recently,
ferromagnetic behaviours at well above room
temperature have been reported for Gd doped GaN
[1-3], offering a new stage for interactions among
charge, spin, and light. Further, the colossal magnetic
moment of 4000 up per Gd atom has been observed
in epitaxial Gd-doped GaN, so the clarification of the
microscopic origins for the ferromagnetic state in
GaN is imperative.

In this work, the electronic structure and magnetic
interaction of gadolinium substituting in cubic AIN
are studied. We have reported the density of states
and have calculated the exchange splitting
parameters.

The present paper is organized as followed: Section 2
presents details of our calculations. Results and
discussion are presented in Sec. 3, and Sec. 4
summarizes our conclusion.

2. Calculation

The calculations are based on the density-functional
theory in the local spin-density approximation
(LSDA). The first-principles band-structure approach
applied in this work is the scalar relativistic full-
potential linear-augmented-plane-wave plus local

P8

orbital (FPLAPW+lo) method (Wien2k
implementation [4]). Basis functions were expanded
as combinations of spherical harmonic functions
inside non-overlapping spheres around the atomic
sites (muffin-tin spheres) and in Fourier series in the
interstitial region. In the muffin-tin (MT) spheres, the
I-expansion of the non-spherical potential and charge
density was carried out up to /,,=10. In order to
achieve energy eingenvalues convergence, the
wavefunctions in the interstitial region were
expanded in plane waves with a cutoff of ki, =
7/Rye (Where Ry is the average radius of the MT
spheres). Our calculations were performed in the
zinc-blende ferromagnetic phase, at the concentration
x = 0.25. The Brillouin-zone integration were
performed using 2 x 2 x 2 Mokhorst-Pack special k-
points [5].

2. Results and discussion

For GaGdN alloys, we have calculated the total and
partial density of states (DOS) at the equilibrium
lattice constant. The spin direction (1 and |) is taken
as the direction of the rare-earth spin (majority 7 and
minority spin | direction).

The partial densities of states shown in fig. 1 for
Gay75Gdg,sN are given for Gd-4f, Gd-5d, and N-2p
states. For majority spin, we note a peak
corresponding to the filled f-states located at the top
of valence band. For minority spin, the Gd-4f states
are unoccupied and located for the CBM. For
majority spin, Gd-4f states at the valence band
maximum (VBM) hybridize with the N-2p and Gd-
5d states. For minority spin, the VBM shows a
highest contribution of the N-2p states, which
hybridize with Gd-5d states. The latter are high in
energy in the conduction band, and thus are fully
unoccupied for both spin directions.

To study the magnetic interaction of the rare-earth
with the host band states, we have calculated the
exchange splitting of the band states at the VBM and
CBM. The sign of the spin-splitting at the top of the
valence band is positive and is estimated to 0.03 eV,
so the VBM states tend to align with gadolinium
spin. At the conduction band minimum, the spin-
splitting has been estimated to -0.11 eV.

The spin-splitting at the VBM obtained in the present
work for gadolinium is smaller in comparison to
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those of Mn in GaN [6]. Theoretical studies [7, 8]
have reported also a weak magnetic interaction of Gd
ion with the host states at the valence and conduction
band edges in comparison with Mn-doped GaN [6].
Experimental [2] and theoretical [7] results strongly
suggest that defects play an important role in
ferromagnetism in GaN:Gd. Liu ef al. [9], using the
FP-LAPW method, reported that most of the
measured magnetic moment of GaN:Gd must come
from holes present in the GaN host, such as Ga
vacancies. This model was argued to be unlikely, by
Mitra and Lambrecht [10], because Ga vacancies
have a high energy of formation in the neutral charge
state that carries magnetic moment. They propose
that interstitial nitrogen and oxygen in octahedral
sites support magnetic moments and ferromagnetic
coupling in semi-insulating conditions.

3. Conclusion
The electronic structure and magnetic interaction in
cubic GaN:Gd have been investigated. In this work,

we conclude that for GaN:Gd it is unlikely that the
gadolinium dopant by itself may induce room
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temperature ferromagnetism. The role of the
interaction of the rare-earth with other defects must
be investigated.

Figure 1: Total and partial spin-polarized density of

states of Ga;_Gd,N with x =0.25. The zero of energy
is placed at the VBM.
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Abstract

Structural, electronic and bonding properties of
BeB, and CaB, were studied using the full-
potential linearized augmented plane-wave (FP-
LAPW) method, based on the density functional
theory, implemented in the Wien2K code and are
compared with those of the isostructural
superconductor MgB,. The exchange and
correlation potential energies are treated using the
local density approximation (LDA); the results are
compared with available theoretical and
experimental data. Our results are found in good
agreement with the experiment. We also evaluate
the electronic structure of BeB, in order to obtain
further insight into its surprising difference from
the superconducting MgB, and therefore attempt
to predict the nature of CaB,, one of the interesting
candidates for the higher T..

Keywords: DFT, FP-LAPW, LDA, Electronic
structure.
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ABSTRACT

First-principles calculations of the electronic
structure of substitutional gadolinium rare-earth
impurity in cubic AIN have been performed using
density functional theory within the LSDA approach
(local spin density approximation). The Al ,Gd,N is
shown to be semiconductors, where the filled f states
are located at the top of the valence bands and the
empty ones at the bottom of the conduction bands.
The magnetic interaction of the rare-earth ion with
the host states at the valence and conduction band
edges has been investigated and found to be
relatively weak in comparison with Mn impurities.

PACS number (s): 71.27.+a, 71.55.Eq, 75.50. Pp.

Keywords: Rare-carth; AIN; magnetism.

1. Introduction

In the past few years, considerable research activity
has taken place in the field of doping of wide gap
semiconductors with magnetic impurities. They are
expected to be room temperature ferromagnetic
materials for spin electronics and luminescent
materials for optoelectronic applications. Rare-earth
(RE) ions are unique dopants, because they are
magnetically and optically active in the
semiconductor host crystals. Ferromagnetism has
been observed in Ga;.,Gd,N, with Curie temperature
larger than 400 K [1-3], and at room temperature in
Al;,Gd,N [4]. Further, photoluminescence in the
visible has been observed in RE-doped GaN [5-7]
and RE-doped AIN [8-10], and several light
emissions used as primary colors in screen displays
[11-13].

In this work, the electronic structure and magnetic
interaction of gadolinium substituting in cubic AIN
are studied. We have reported the density of states
and have calculated the exchange splitting
parameters.

The present paper is organized as followed:
Section 2 presents details of our
calculations. Results and discussion are
presented in Sec. 3, and Sec. 4 summarizes
our conclusion. 2. Calculation

The calculations are based on the density-functional
theory in the local spin-density approximation
(LSDA). The first-principles band-structure approach
applied in this work is the scalar relativistic full-
potential linear-augmented-plane-wave plus local
orbital (FPLAPW+lo) method (Wien2k
implementation [14]). Basis functions were expanded
as combinations of spherical harmonic functions
inside non-overlapping spheres around the atomic
sites (muffin-tin spheres) and in Fourier series in the
interstitial region. In the muffin-tin (MT) spheres, the
l-expansion of the non-spherical potential and charge
density was carried out up to /,,=10. In order to
achieve energy eingenvalues convergence, the
wavefunctions in the interstitial region were
expanded in plane waves with a cutoff of ky., =
7/Rye (Where Ry is the average radius of the MT
spheres). Our calculations were performed in the
zinc-blende ferromagnetic phase, at the concentration
x = 0.25. The Brillouin-zone integration were
performed using 2 x 2 x 2 Mokhorst-Pack special k-
points [15].

2. Results and discussion

For AIGdN alloys, we have calculated the total and
partial density of states (DOS) at the equilibrium
lattice constant. The spin direction (1 and |) is taken
as the direction of the rare-earth spin (majority T and
minority spin | direction).

The partial densities of states shown in fig. 1 for
Aly75GdsN are given for Gd-4f, Gd-5d, and N-2p
states. For majority spin, we note a peak
corresponding to the filled f-states located at the top
of valence band. For minority spin, the Gd-4f states
are unoccupied and located for the CBM. For
majority spin, Gd-4f states at the valence band
maximum (VBM) hybridize with the N-2p and Gd-
5d states. For minority spin, the VBM shows a
highest contribution of the N-2p states, which
hybridize with Gd-5d states. The latter are high in
energy in the conduction band, and thus are fully
unoccupied for both spin directions.

To study the magnetic interaction of the rare-earth
with the host band states, we have calculated the
exchange splitting of the band states at the VBM and
CBM. The sign of the spin-splitting at the top of the
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valence band is positive and is estimated to 0.04 eV,
so the VBM states tend to align with gadolinium
spin. At the conduction band minimum, the spin-
splitting has been estimated to -0.46 eV.

The spin-splittings obtained in the present work for
gadolinium are weak in comparison to those of Mn-
doped GaN [16]. So, for AIN:Gd, it is unlikely that
the rare-earth dopant by itself may induce room
temperature ferromagnetism, perhaps by introducing
defects as the case of GaN:Gd in which high
temperature ferromagnetism and giant magnetization
amplifications have been observed.

3. Conclusion

First-principles study of the magnetism in cubic
AIN:Gd has been investigated. For majority spin, the
filled f states are located at the top of the valence
bands, and for minority spin the empty ones are
located at the bottom of the conduction bands. The
magnetic behaviour of Gd in AIN appears to be
different from that of Mn: the effect of the exchange
interaction of the gadolinium ion with the host states
at the valence band maximum and conduction band
minimum is weaker.
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Abstract:

Bi,0; oxidic compound is characterised by
significant values of refractive index, polarizability
of Bi3+ cation [Gobrecht (1969), Dolocan et al.
(1981), Clapham et al. (1967), Nikolov et al.(1975),
Leontie (1998)], and a remarkable photosensitivity.
Also, its energy gap is close to that of CdS, which is
considered an outstanding candidate for solar cells
Luonite (1998).

We have carried out a first-principles total
energy calculations of the structural and the
electronic properties of Bi,Os in its tetragonal phase.
We have applied the full-potential linearized
augmented plane waves (FP-LAPW) method based
on the density functional theory (DFT) using the
local-density approximation (LDA) Blaha et al.
(2001).

For the first time through the quasi-harmonic Debye
model Blanco et al. (2004), in which the phononic
effects are considered, the dependences of relative
volume V/V, on pressure P, cell volume V on
temperature T, and Debye temperature 6 and specific
heat Cy on pressure P are successfully obtained. The
variation of the thermal expansion o with
temperature and pressure is investigated, which
shows the temperature has hardly any effect on the
thermal expansion o at higher pressure.

Keywords: Bi,0;, FP-LAPW, quasi-harmonic
Debye Model.
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Abstract:

We report structural and electronic properties of
the compounds known as Nowotny chimney-ladder
(CL) phases RuAl2, RuGa2 and OsAl2 using the full
potential linearized augmented plane wave ( FP-
LAPW ) method. For treating the exchange-
correlation potential term, we have chosen the
generalized gradient approximation (GGA). The total
energy approach is used to determine the equilibrium
volume. The energy gap is found to be indirect for all
our compounds. Results on electronic properties such
as band structures, density of states and electronic
charge densities are presented and interpreted.

Keywords: DFT, FP-LAPW, LDA, Electronic

structure of semiconducting.

P14

live.fr

References:

Lars-Erik Edshammar - Acta Chemica Scandinavica
20.427-431. 1966.

Mat. Ress. Bull. Vol.19, pp. 1177-1180. Printed In
the USA. (1984). Michael Springborgy and Riidiger
Fischerz - J. Phys.: Condens. Matter 10 701-716.
Printed in the UK. (1998).

M. Weinert and R. E. Waston. Vol 58, Number 15.
Physical Review B, 9732 - 9740. (1998).

Serdar Ogiit and Karin M. Rabe. Vol 54, Number 12.
Physical Review B. 8297 - 8300. (1996).

Y.Imai , A ,Watanabe . Intermetallics 13. 233-241.

(2005).



North African Conference on Computational Physics and Chemistry 2010

NAC-CPC'10

Polishing effect of samples on WDS microanalysis X

K. Sail', G. Bassou!

'Microscopy Microanalysis and Molecular Spectroscopy laboratory L2MSM, Physics Department,
Faculty of Science, Djilalli Liabes University of Sidi Bel Abbes, ALGERIA
B.P.89, Sidi Bel Abbes, 22000, ALGERIA
Sailkari7@yahoo.com

Abstract :

The Scanning Electron Microscope (SEM) is an
essential tool for characterization in most scientific
laboratories and particularly when it is equipped with
an X-ray detector. The apparatus on which we
carried out our investigations is a SX100, a Cameca
mark SEM, coupled to four wavelength dispersion
spectrometers. The sample studied in this paper is
ores. It is calcic apatite would also contain oolites
and coprolithes. Analyzes on these polished and
nonpolished samples were carried out in order to
highlight the role of polishing

Metallographic preparation

The operation of polishing requires a
preparation which consists in coating the ore
powders some in an epoxy resin appearing itself as
two liquids characterized by a very good fluidity as
well as a very good hardness and a good chemical
resistance to solvents and acids. After polymerization
at a temperature about 80°C mechanical polishing is
carried out in three stages as indicated on table 1

polishing Preé- Fine Finition
polishi
ng
Support paper self-adhesive | Polyurétane
cloths, cloths
compressed,
metal

Abrasives, | SiC Diament de 45 | SiO,

Compositi a 0.25um | 0.05pm
on, size aérosol,
suspension ou
pate
Lubrifiant | water Alcool water
Base huileuse
speed 300 150 a 250 150 a250
Trs/mn and +

Table 1 : Polish stages.

The last stage is the cleaning which is obtained by a
washing with alcohol then with water plus liquid

soap using an ultrasound tank and finally a rinsing
and drying with the compressed air.

Results

The comparison between spectra of the polished and
no polished samples shows clearly the relative
increase in x-emission in the case as of polished
samples. The figurel represents an example of this
increase.

(a)

(b)

| Ll 4L |
| (B USAE .Il i (i

Fig. 2: Ores spectra (a) polish (b) no polish
References:

J.L.Pouchou (2008), Les méthodes de quantification
en microanalyse X, Microscopie électronique a
balayage et microanalyses. P 465-467.

J.Ruste, (2008) la microanalyse quantitative en WDS
des éléments trés 1égers. Microscopie électronique a
balayage et microanalyses. p 473-474.

R. Wilmotte, J. Benezech " (1975),Pratique et Théorie
des Traitement des Surfaces : tome 1 Décapage et
Dégraissage" ,: Editions B. P. J.

P15



North African Conference on Computational Physics and Chemistry 2010

NAC-CPC'10

Energy (eV)

Electronic Band structure of Ga,ln_,As

N. Tayebi Larbi', K. Benkabou'

'Faculté des Sciences, Laboratory of Applied materials, Université Djillali Liabes de Sidi Bel Abbés, B.P.89,
Sidi Bel Abbes, 22000, ALGERIA
Tayebinadjia@yahoo.fr

Introduction:

The Ga,ln;,As is a key component in the active
regions of high speed electronic devices , infrared
lasres , and long-wavelength quantum cascade lasers.
The II-V ternary alloy semiconductor Ga,In; (As is
a very interesting terahertz -radiation material system
. It is expected to exhibits properties physically
related to both binary systems InAs and GaAs.
Moreover, the bad gap of GasIn; As can be tuned
from 0.36 to 1.42 eV by variation of the Ga mole
fraction x from O to 1 .

Method: In this communication, we present a
theoretical study of band structure of ternary alloy
Ga,In;_,As based on tight binding method and virtual
crystal approximation. The result obtained are shown
on figure 1 for band structure of GaygslngssAs and
figure 2 for GaIn; As (0<x<0.64).The results agree
well with the

wave vector

Figure 1: band structure of Gag g4Ing 36As

Plé6

experimental data of reference 4 when we introduce
a correction to the VCA using Lee et al. formalism .
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Introduction:In

this paper, we will give the principle of the EBIC
(Electron Beam Induced Current) method as well as
the characterization of bipolar transistors. The
micrographs carried out in EBIC mode, were
exploited quantitatively. Measures of the minority
carrier diffusion length on the base were thus carried
out.

EBIC mode:

In EBIC mode, the sample is such a detector or
‘collector’ of carriers. Thus, the charge carriers
generated by the electron beam can move under the
influence of the electric field and produce a
measurable signal being able to be detected in an
external circuit. This current constitutes the EBIC
signal and can be used for the formation of an image.
Currently, the EBIC remains a technique valid for
the characterization and the analysis of the defects in
materials and devices semiconductors.

Measurements EBIC and application to the
junction base/emitter of a transistor

Current EBIC is measured by an external circuit
where a Faraday cage is used for the collect of the
electron beam. Theoretically, all the electrons of the
beam will be collected and constitutes thus a
reference.

We present an investigation on bipolar transistor
pnp not encapsulated (realized at ENIE company in
Sidi-Bel-Abbes (Algeria)), in order to use this
technique in this configuration.

Secondary electron image (SEI) of the bipolar
structure is shown in fig.1, where we see micro
welding of the base and the emitter. Under the same
conditions, we carried out an image in EBIC mode of
the structure given by Fig.2.

From the curve given in fig.3, it was possible to
deduce the diffusion length in the base from the
transistor which is about 1.2 pm. For the same type
of transistor, C.H.-Wang and S.E.Swirhun give value
diffusion length Lp = 0.90-3 pm.

Fig.2: EBIC micrograph of the transistor with
connection of the junction base-emitter

A

e

Courant collecté(u.a.)

10

v

Fig.3 EBIC line scan above junction E-B
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Introduction:

In order to expand and study the dynamics of
instabilities in fluid mechanics from a numerical
point of view and especially between two coaxial
cylinders, which’s the inner cylinder, rotates and the
outer one kept fixed, our choice is focused on code
calculation called Fluent. We will structure the
Taylor Couette flow and study the various changes
produced by the effect of the geometry and setting
system speeds.

Layout:

To study the effect of radial confinement on the
outbreak of the first instability in cylindrical Couette
Taylor flow has been proposed several structures of
the flow system for different values of radial
clearance & was chosen more than three
configurations thin intermediate and large values of
radial clearance 6 follows: 0.15, 0.25, 0.35, 0.40. The
procedure followed in fluent is to vary the angular
velocity of a quasi-static instability characterize the
first start with low speed until the appearance of the
axial wave. The exploitation of results is made by the
representation of the contours of axial velocity and
static pressure in the vicinity of the axial wave Tcl
(Figure 1). We note from these results that the case
was thin-checked the critical value of the first
theoretical instability evaluated by
A. Bouabdallah [1], and that the appearance of the
axial wave is delayed with the increasing value of
radial clearance &

We compared our results obtained by numerical
simulation of various gaps &: 0.10 to 0.40 with the
results of A. Recktenwald et al. [2] And M. E. Ali
[3] they proved very successful in the graph in
Figure 2, it demonstrated the correlation between the
three results. The error on the present results with the
results mentioned above is 0.6%. We note that the
size of Taylor cell for fixed & does not change along
the annulus in the vicinity of the wave for different
axial annular space. The evolution of the axial wave
number in function of the gap 6 shows us that
whenever we increase the value of radial clearance,
the axial wave number n decreases.

P18

Figure 14: Representation of the axial velocity in
Taylor Couette flow for different values of radial
clearance (Ta, d) near the critical state Tc,
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Figure 2: Evolution of the Reynolds number Re as a
function of gap J in the vicinity of the onset of the
first instability Ta = Tc,
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Abstract: In this work, we present a theoretical
study of electronic and optoelectronic properties of
II-VI wide band gap semiconductor ZnO,MgO and
CdO materials and their nano-heterosystems ZnO/
Mg,Zn,,O and ZnO/Cd,Zn,,O. These materials and
nanostructures are very interesting because of their
potential  applications in  optoélectronics as
semiconductor based Lasers emitting in the visible
(green) to Ultra-violet range.

This study is based on numerical computations
performed jointly through ab-initio and k.P theories
[1]. We study structural and energy band parameters
of these two different materials: binary end materials
Zn0O, MgO et CdO, as well as their ternary alloys
Mg,Zn, 0O et Cd,Zn; 0.

In this work we choose to combine ab-initio theory
with the k. P method. The ab-initio calculations were
performed with the help of a Wien-2k software
package 2009 version, and kP theory computations
were performed with the help of computer programs
written under matlab and fortran languages by
ourselves at LEMOP Laboratory.

The ab-initio simulations give us the possibility to
determine structural, energy band, optical, and other
parameters of ZnO/MgO/CdO nanosystems. The k.P
theory computations allow to study fine properties
around energy band extrema directly involved in
electron transport and optical transitions of bulk as
well as low dimensional ZnO/ZnMgO and
ZnO/ZnCdO nanostructures used as optoelectronic
light emitting devices.

We show that the interest of combining these two
kind of theoretical approches the ab-initio theory
with kP computational method lies in their
complementarity. Structural and energy band
parameters which are determined by ab-initio method
are readily injected into the k. P. computations so that
it is possible to avoid in this way the use of empiric
and less accurate paramétrisation.

In both cases, we compare our results with other
similar calculations and with experimental results
available in literature.

Particular attention is paid here of some very special
effects characterizing the hexagonal Wiirtzite crystal
structure of this ZnO materials family, namely,
polarisation effects [2] and built-in strain effects,
which have dramatic influence on optoelectronic
devices based on these ZnO/ Mg,Zn;, O and
Zn0/Cd,Zn, 0.

Key words: ab-initio, k.P, nanosystems, ZnO,
MgO, CdO, Mg,Zn,; O, Cd,Zn; O, ZnO/MgO,
ZnO/CdO, Visible-UV Lasers.
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Electronic structure of RuGaz; and OsGas with
the crystal structures belonging to the space group of
P42/mnm (No. 136), which is usually referred to as
the FeGaj;-type structure, have been calculated using
a full potential linearized augmented plane wave (
FP-LAPW ) method based on the density-functional
theory within the local density approximation
(LDA) and with the generalized gradient correction
(GGA). The total energy approach is used to
determine the equilibrium volume. Results on
electronic properties such as band structures, density
of states and electronic charge densities are
presented and interpreted.

The intermetallic compounds offer an interesting
alternative to modify optical or transport properties
of various devices and moreover their properties will
prove to lie in between those of metals and
traditional semiconductors. Notably, they will be
found to have small bands gaps and excellent
transport properties.

Keywords: DFT, FP-LAPW, LDA, Electronic
structure.
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Abstract:

We have performed calculations of intensity ratios
of lines due to 2p°3d —2p° 'S, and 2p°3s —2p° 'S,
transitions, emitted in the wavelength range 15-17A
by neon-like Fe'®" ions from Maxwellian hot
plasmas. The populations of the upper levels of the
considered lines required in the line intensity
calculations were determined by solving a set of rate
equations in the collisional-radiative model, where
89 levels of Fe'" were included, those originating
from the configurations 2s?2p°, 2s2p°3! (I=0-2),
2s2p°41 (1=0-3), 2s2p°31 (1=0-2), 2s2p°4l (I=0-3).
We have taken into account the collisional excitation
from the ground level as well as from the metastable
2p53s *P, and °P, levels, and radiative cascades in
calculating the level populations. Several line
intensity ratios have been computed as a function of
the electron temperature between 2 and 10x10° K
and for various values of the electron density in the
range 10" — 10" cm™. Comparisons have been
made with experimental results obtained by English
researchers on tokamak plasmas and temperature
diagnostics have been performed for these plasmas.
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Abstract:
Spectroscopic studies (infrared or Raman) allow to
obtain information on the conformation of amino
acids. The information obtained through the modes
of vibration whose intensity and the wave number
depends on their conformation.
These results provide a better interpretation of the
vibration of an amino acid and a better understanding
of its structure. In parallel with these experimental
studies (which involve modes of vibration), the
theoretical methods (ab initio, semi-empirical and
empirical) have continued to grow since the first
program "Gaussian" in 1970. The results of these
theoretical methods are encouraging and motivate
many authors to choose this line of research that may
be designated by "molecular modeling", which
allowed the determination of structural properties
with great precision.
In our work we have performed calculations of the
geometry optimization and harmonic force field of
GABA and taurine which are amino acid
neurotransmitters.
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For methods of ab initio calculations based on
DFT/B3LYP and close as possible to the theoretical
frequencies to experimental frequencies we used a
second program: Redongqui is based on a
transformation of the space constants in Cartesian
coordinates a space in internal coordinates.

To validate the theoretical level used, we compared
our results with those obtained by infrared
spectroscopy and Raman scattering.
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Introduction:

Transition metal nitrides constitute a diverse class
of materials with many technological applications.
Because of their great strength and durability, they
have been used traditionally at extreme conditions
of temperature and pressure. Their hardness has
given them applications in cutting tools, golf shoe
spikes, and snow tires. In ferrous alloys they are the
components responsible for the toughness of steels
[1]. However, they also have interesting optical,
electronic and magnetic properties and have been
used for optical coatings [2], electrical contacts [3]
and diffusion barriers [4].

For this, we are interested to the electronic and
elastic properties and some related properties of
AIN, GaN, InN, ScN and their hypothetical
semiconductor alloys Sc,Al;_.N, Sc,Ga, N and
Sc,In; N in their hypothetical zinc-blende
structure; using the empirical pseudo-potential
method (EPM) within the virtual crystal
approximation (VCA) combined with the Harrison
bond-orbital model. Elastic constants and sound
velocity were calculated as a function of the
scandium (Sc) concentration x. Agreement between
the present results and the available data has been
found. Our results for Sc,IIIA; N (IIIA= Al, Ga
and In) at 0 <x< 1 constitutes a predictions for a
future experimental investigation. In this abstract,
we give some preliminary results.

Elastic properties:

The dependences of the elastic constants C;; on the
Sc concentration x over the range 0-1, without
including the compositional disorder effect are
shown in figures 1.

We note that for Sc,4/;..N and Sc,Ga;..N the trend
in going from x= 0 to 1 (with a 0.1 steps) is the
decrease of C;; but for Sc.In;_.N, it increase.

The origin and the magnitude of the nonlinear
corrections to this parameter cannot be easily
explained in terms of the endpoint values of the
parameters peculiar to the binary compounds.
Hence, one can believe that the nonlinearity of the
C,;; value versus the Sc concentration x arises from
order effects which exist already in a fictitiously
periodic alloy.

300 = ScxAlixN |

= SexGaq.xN
280 - Scxlnq-xMN
280 :

CyqenGPa

0.0 0.z o.m 1.0

Co:'zn:\positinohn x

Figure 1 : Elastic constant Cy; of Sc,Al;_N,
Sc,Ga;_,N and Sc,In;_,N as a function
of the composition x
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Abstract:

In this work, we use the ab-initio Density Functional
Theory (DFT) and the k.P method in order to
determine various physical properties of these hybrid
quantum nanostructured systems consisting of the
combination of two different types of wide bandgap
semiconductor materials: the III-V nitride materials
as In,Ga; 4N and In,Al, N with the II-VI Oxydes as:
Mg,Zn;.,O. We perform this study in a wide range of
alloy compositions x-contents of In and y-contents of
Mg.

The ab-initio DFT calculations were based on the full
potential linearized and augmented plane waves
method (FP-LAPW) (Wien2k code, 2009 issue), and
we used two approximations: the generalized
gradient approximation (GGA) and the local density
approximation (LDA).

The k.P theory computations were made with the
help of our own made computer programming
softwares written under matlab and fortran systems.

The use of the ab-initio DFT theory allowed us to
determine various physical properties of these
compound semiconductor materials : structural,
optical and electronic properties in various phases
such as Wiirzite, Zinc-Blende and Rocksalt ones. We
are more particularly interested in the following
properties and their variations as a function of alloy
composition : the lattice a and ¢ parameters, internal
parameter u, the compressibility coefficient B, the
total energy E, the Fermi Energy Er and the total
and partial densities of states.

These parameters which are obtained through the ab-
initio DFT computations are of paramount
importance for our nanostrutures :

1. They give the possibility to determine in turn
some very important parameters of our quantum
nano-heterostructures In,Ga,.,N/Mg,Zn,.,O and
In,Al; \N/Mg,Zn,;_,O such as the energy band
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offsets at the interface and, consequently the
associated carrier quantum confinement effects.

2. They also give straightforward and accurate
determination of some very useful input parameters
for the kP computations of quantum confined
subband states which are otherwise taken from rough
semi-empirical interpolations.

Thanks to this accurate and fine study of physical
parameters of our In,Ga; N/Mg,Zn,.,O and In,Al,.
N/Mg,Zn, O nastructures, we were then able to
determine the behavior of the main optical
transitions, the Laser gain and the current threshold
densities as a function of alloy composition.

We finally perform a comparative study of Laser
performance of the two different types of
nanostructures, and we could find the selected range
of alloy compositions in each case.

Key words: ab-initio, DFT (FP-LAPW), k.P-
theory, III-V Nitrides, ZnMgQO, Lasers, Quantum
Well heterostructures.
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Abstract

A series of binary rare-earth metal germanides
RE5Ge3 (RE= La, Ce, Pr, Nd and Pm) adopting the
Mn5Si3-type hexagonal structure [Fig.1] was
investigated. Recently these intermetallic phases
show a complex magnetic behavior [1]. The
electronic and magnetic properties of RES5Ge3
compounds have been studied by using local-density
approximation (LSDA) [2]. The spin orbit coupling
was treated using a scalar relativistic basis and the
second variational method (LSDA+U+SOC) [3, 4].
The magnetic stabilities; bonding characters; total
and partial densities of state and band structures were
analyzed and compared with experiments. The effect
of the Hubbard correction and the spin-orbit
interaction are investigated and are found to be a
necessary requirement for the accurate description of
correct state of these compounds. We confirm the
results of recently synthesized intermetallic
compounds RE5Ge3 [Phy. Rev. B 79, 014425
(2009)].

Keywords: Intermetallics compounds, magnetic
properties, FP- LAPW method, LDA+U-+SOC.

Fig.1. RE (Yellow sphere) and Ge (purple sphere)
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Abstract: The FeAl alloys are interesting
materials for structural application. In particular, as
these materials are sensitive to quench-in vacancies,
the interaction of hydrogen atom with vacancies has
not been fully addressed and is of a particular
interest.

It is well known that the concentration of certain
point defects (vacancies, interstitials, impurities,
etc.,) affect the behavior of dislocations in crystals,
and hence their mechanical properties. The vacancy
is one of the simplest defects in crystal structure and
so represents a benchmark for experimental and
theoretical understanding.

The B2 FeAl phase has CICs structure and has
three types of interstitial sites, one tetrahedral (T)
and two octahedral (O™, O™). All tetrahedral are
equivalents with the same chemical environment
around the site. The O is an octahedral formed by
four iron atoms in its base capped with two
aluminum atoms, while the O™ has four aluminum
atoms in its base capped with two iron atoms. In
elementary cell we found 12 tetrahedral sites, 3
octahedral Fe and 3 octahedral Al, and then the T
sites have a smaller size then the O sites. This size
effect stimulate that the T sites was the most
favorable then another ones.

In this work we propose to study the effects of
hydrogen in bulk FeAl and the interaction effect
with different defect sites using the Density
Functional Theory (DFT) implemented in the
pseudo-potential plane wave self-consistent field
(PWSCF) ab initio package. The generalized-
gradient approximation (GGA) functional of
Perdew, Burke and Ernzerhof (PBE) was employed
in spin-polarized scheme (SP). The ultra soft
pseudo-potentials (USPP) of Vanderbilt are used
with non-linear core corrections.
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Figure 1: (a) The FegAlg supercell used in the
calculations of bulk structure. (b) and (c) the
interstitial sites in a bec lattice.
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Figure 2: Hydrogen positions in different interstitials
sites in FegAlg bulk before and after relaxation.
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Abstract

First principles calculations results of a new RE-
based half-Heusler REPtBi (RE=Rare Earth Element)
were presented. The calculations are based on the
density functional theory (DFT) within local spin
density approximation (LSDA) [1]. The spin orbit
coupling was treated using (LSDA+U+SOC) [2, 3]
method. The electronic character of the compound is
determined by the 4f electronic states of rare earth
atoms. f-states of bismuth atom were also included in
calculations although it has no distinct effect on
electronic structure. Here, we predict that REPtBi are
possible half-Heusler with an energy gap in the
minority spin and a completely spin polarization at
the Fermi level. We discuss and compare [4] in the
present study the electronic and magnetic properties
of these materials which may provide a rich platform
for novel quantum phenomena.

Keywords: Half-Heusler; magnetic properties;
FP- LAPW method; LDA+U+SOC.
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Figures: Crystal structure of half-Heusler com-pound
REPtBIi in the F-43 m space group.
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Introduction:I
in the few last decades, ABO; perovskites oxides
were intensively investigated for their interesting
physical properties. The most important is the
spontaneous polarisation which appears below Curie
temperature. Barium titanate BaTiO; is a
prototypical ferroelectric perovskite. It undergoes a
structural transition from a paraelectric cubic phase
to ferroelectric tetragonal phase at Tc=408 K. This
property is largely used to carry out new generation
of ferroectric memories FeRAM (Setter et al.).
Integration of this kind of ternary oxides for this new
component requires reaching a nanometre scale of
these multilayered systems. At this stage,
ferroelctricty is very sensitive to interface quality
(Junquera and Ghosez). The surface is the first
interface between a given material and ambient, it
can be extended to few monolayers and present
properties different than the bulk material  ( /les et
al).

Along the three equivalent (001) directions, the
paraelectric BaTiO; surface can have two possible
terminations BaO or TiO,. For the ferroelectric
surface, two different orientations are possible. The
first one, along the polar axis (001) and the second
along the non polar axis (100) with BaO and TiO,
termination displaying atomic displacements of Ti
and O atoms of the tetragonale structure (see Fig. 1).
Which one of these surfaces is the most stable, a
necessary question that needs to be answered
because it can have consequences on molecules
adsorption on this kind of surfaces ( Rakotovelo ;
Wang ).

0
L\

¢ Ba o2 a2

{} TiO, (8010)

¢c) BaO (100) (b) THO: (100)

Figure 15: Topmost surface layer for ferroelectric
BaTiO; (a)TiO, termination along the polar axis
(001), (b) TiO, and (c) BaO termination for the non
polar (100) surfaces.
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In this theoretical work, we used ab initio
calculations, in the framework of the Density
Functional Theory (DFT), in order to study the
thermodynamic stability of the paraelectric and
ferroelectric (001) and (100) BaTiO; surfaces. The
surface free energy of our surfaces is calculated as a
function of the excess in Oxygen to be closer to the
experimental annealing conditions. The polar (001)
is the most stable surface compared to the non polar
(100) and the cubic surface (See fig. 2). This result
can have important implications on molecular
species adsorption on such polar surfaces.
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Figure 2: Surface free energy with respect to the
oxygen excess, for the cubic and tetragonal (T) (001)
and (100) surface terminations.
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Introduction:

In the methods of transfer, the Graétz heat exchanger
is a key to operate the control and energy
management. It is established that a large proportion
(90%) of thermal energy used in industrial processes
passes at least once by a heat exchanger of this type,
both in the processes themselves as in recovery
systems thermal energy. It is found mainly in the
process industries (steel, plastic materials and energy
production), it is accepted that to have a suitable and
properly sized heat exchanger achieves a significant
performance gain.

In particular, it proposes to undertake the
study of the heat exchanger of Graétz with parallel
plans (Figure 1) submitted to the simultaneous
influence of the temperature and magnetic fields to
assess the performance of heat transfer in the
conditions imposed which are close to the industrial
reality.

v

|
|

L

V.

Figure 1: Graétz heat exchanger description

A viscous, incompressible and electrically
conducting fluid or liquid metal flows through a long
two parallel-plate channel with laminar regime. We
are interested in the part of the heat exchanger for
which the flow is fully developed. The velocity
profile component in the axial direction x for this
flow is the well-known Hartmann profile:

2U,.(y) 2 (ch(Ha)-ch(Han))

ut =3 _3[ch(Ha)_(WJ]

The channel walls are maintained at temperature T
for x <0 and T for x > 0 (as shown in Figure 1).

All fluid properties are assumed to be constant. The
free convection caused by the temperature difference
is negligible.

In this study, we solve the equation governing the
temperature field 6 coupled with the influence of a
uniform magnetic field imposed transverse to the
parallel plates and direction of flow. Using a
variational technique, the Galerkin method, we are
led to establish an eigenvalues problem for
connecting the flow sensitive parameters, the
Brinkman number, the Hartmann number and the
Peclet number, depending on the characteristics of
the fluid (p, v, o, p etc. ...) and geometry considered
and estimating the local and global Nusselt number
Nu provides interesting information on the
performance and effectiveness of this type of heat
exchanger.
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Abstract
The InGaN alloy has a great potential in the
manufacture of the photovoltaic devices.
A simple optimized junction InGaN can reach an
conversion efficiency from > 20%, comparable with
that reached by the best cells of die CISGS. Because
the band gap of InGaN can be modified from 0,7 eV
to 3,4 eV by increasing the gallium content with
multi-junction cells, it is theoretically possible to
achieve the record performance (70% ) with this only
material system, whereas the theoretical record in
technology GaAs multi-junctions is less than 50%.
To study a solar cell single-junction, containing the
alloy InGaN, it is significant to know the physical
properties of this material and in particular the
evolution of its last according to the stoichiometric
coefficient x.

Eg (eV)
>
(0]
jO)
=4

0,0 072 Uj4 X 075 Uja 170
Figure 1: Evbolution of Eg to the x [1]

We present in this work the variations of certain
parameters like the energy of the band gap (Fig.1),
the absorption coefficient o (Fig.2), the mobility p,
the effective mass m,

etc...., according to the stoichiometric coefficient x.
The interest is in the choice of x that gives us the best
photovoltaic parameters for achieving the best
possible conversion efficiency.
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Figure 2: Evolution of o to the A for different
values of x

The best conversion efficiency m is obtained for

x=0.6 and values 24.3 % for a simple junction
(Figure.3).
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Figure 3: Evolution of m to the x
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Abstract:

We have performed an ab initio calculation in order
to investigate the structural, the electronic, the
lattice-dynamical ~and  the  thermodynamical
properties of zinc blend thallium-V compounds:
TlAs, TIP and TIN. The ground-state parameters, i.e.,
lattice constant and the bulk modulus and the
electronic structure are calculated using the plane
wave pseudopotential approach to the density
functional theory within local density approximation.
Phonon dispersion spectra are derived from linear-
response to density-functional theory.
Thermodynamical properties are also reported by
using the quasi harmonic approximation.

The structural properties including the lattice
parameter and the bulk modulus are calculated using
the pseudopotential approach to the density
functional theory within local density approximation
in a plane wave basis. The core—valence electron
interaction is described by Vanderbilt ultrasoft
pseudopotentials', as implemented in the PWscf
code’, with Perdew—Zunger (PZ)’, for the exchange—
correlation functionals. Integration in Brillouin zone
are performed using a 8x8x8 k-point mesh for the
zinc blende phase. The phonon frequencies are
calculated within the framework of the selfconsistent
density-functional perturbation theory DFPT* which
allows the calculation of the Born effective charge
tensor Zg and the dielectric constant, in polar
semiconductors and insulators, for each inequivalent
atom in the unit cell.

In particular, eight dynamical matrices were
calculated for a 4x4x4 k-points mesh of Monkhorst
and Pack’. These matrices were then Fourier
interpolated to obtain the phonon dispersion curves.
The results for the ground state and the electronic
properties are in good agreement with available
theoretical studies. We have highlighted the main
features of the predicted phonon dispersion curves of
these materials compared with the other III-V
compounds. We have also reported thermodynamical
results (the specific heats and entropies) concerning
the Thallium-V compound considered.
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Content:

The effects of various gas environment used in
high pressure SEM inside the specimen chamber
were investigated using Monte Carlo simulation [1],
[2].In order to improve the signal to noise ratio for
the electron detection, we suggest using helium gas-
based mixture. The Helium gas is well known to
reduce the skirt effect due to its low elastic scattering
cross-section [3], [4]. The addition of an ionizing gas
such as hydrogen or nitrogen is proposed to increase
the inelastic scattering cross section which is mainly
responsible for the ionization process taking place
during the beam-gas interactions.

Results:

In order to compare the influence of the gas
environment, we have plotted the skirt radius rog vs.
the pressure (Figs.1 and 2). It appears that for He, the
variation of the skirt radius does not depend on the
pressure in the investigated range from 1 to 100 Pa at
5kV (Figs.1).
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Figure 16: Variation of the skirt radius vs. the
pressure

Figs.2 show that for all the mixtures (except He-
Argon), the skirt is slightly modified with the
increase of the pressure. For the BSE detection, the
signal to noise can remain high and gives a good
contrast in imaging. Moreover, the presence of an
ionizing gas will favor the ionizing process which is
very important in beam-based electron detection. In
this case, an increase of the signal to noise ratio can
be expected.
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Figure 2: Variation of the skirt radius vs. the
pressure of gas mixtures constituted from 90% of
pure helium

Conclusion:

In order to improve the signal to noise ratio for
the electron detection, we suggest to use helium gas
based mixture. For all the mixtures (except He-
Argon), the main results show that the skirt is
slightly modified with the increase of the pressure.
For the BSE detection, the signal to noise can remain
high and gives a good contrast in imaging. Moreover,
the presence of an ionizing gas will favor the
ionizing process which is very important in beam—
based electron detection. In addition, the presence of
such ionizing gas leads to work at lower pressure,
which reduces the beam skirt phenomena. In this
case, an increase of the signal to noise ration can be
expected.
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Abstract: In recent years, chalcopyrites
semiconductors have attracted much attention
because of their potential application in non-linear
optics, photovoltaic and spintronics devices.

Our aim is to searching novel chalcopyrites
promising for these applications, in particular, we
treated the I,—II-1T1I-VI, and I-I,-1II-VI,; quaternary
compounds with (I=Cu, II=Fe, III=Al, VI=Se)
synthesized through cation cross substitution in
ternary [-III-VI, systems.

We investigated the structural and electronic
properties of quaternary chalcopyrites by means of a
first-principles  density functional total energy
calculation within the local density approximation
(LDA), using the all electron full-potential linear
augmented plane wave method (FP-LAPW). The
equilibrium lattice constants, bulk modulus, band
structures and density of states have been given in
detail, analyzed and compared with previous
calculations.

Introduction:

The compounds with ternary structures of the
chalcopyrite family Cu-III-Se, (III=Al, Ga, In) form
an wide group of semiconductor materials with
diverse optical and electrical properties. Recently,
the formation of some member with compositions
Cu-Fe-IlI-S; (x=1/2), Cu-Fe,-1lI-Sey (x=2/3) and
Cu,-Fe-III-Ses (x=1/3) have been reported. Much
attention has been focused on the fabrication of
nanoscale metal chalcogenide semiconductors, which
can exhibit fascinating chemical and physical
properties and have many potential applications.

Chalcogenide  compounds such as the
chalcopyrite, CuFeSe,, which belong to the I-11I-VI,
family, wusually exhibit chalcopyrite structure.
CuFeSe, is an antiferromagnetic semiconductor with
a very small band gap and exhibits novel electrical,
optical and magnetic properties. Because of both
ferromagnetism and the electronic transport
properties of magnetic semiconductors, they have
been used as suitable materials for spintronics
applications.

Calculation:
The calculations are based on the density-
functional theory in the local spin-density

approximation (LSDA) with additional Hubbard
correlation terms describing on-site electron—electron

repulsion associated with the 4f narrow bands
(LSDA+U approach). The crystal structure of the
chalcogenide compounds (Fig. 1), were characterized
using the X-ray powder diffraction data for both
compounds. Both compounds crystallize in the
tetragonal space group.

Chalcopyrite Structure

Figure 17: The CuFeSe, chalcopyrite structure.
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Abstract:

The intermetallic compounds, in particular the
Transition Metal Aluminides TM-Al [1], have
significant potentialities like materials at high
temperature. A certain number of their characteristics
(microstructural stability, creep, ductility...) are
directly related to their crystallographic structures
like with their electronic configurations and are thus
conditioned by the properties of distribution of their
atoms. However, their use remains currently very
limited because of their practically non-existent
intrinsic ductilities to ambient temperature [2].

Al
o Fe

Figure 1: Example of cubic cell of FeAl

This study has for main goal to predict the
mechanical properties of these materials in various
configurations: simple copounds the intermetallic
ones, structures in layers and alloys of substitutions.
With this intention, we used calculations ab- initio
with the technique of super-cell. Calculations are
carried out in the framework of the theory of the
functional calculus of density DFT and the
approximation of the pseudo-potentials. We used the
potentials of the ultrasoft type (of Vanderbilt)
included in code VASP [3].
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We considered the case of TiAl, FeAl, CoAl and
NiAl. 4Our calculations make it possible to conclude
that the solid solution Fex Til- x Al for x = 0.5 in the
B2 (CsCl) phase has best ductility, whereas the
structure in FeAl/CoAl layers has the highest

rigidity g
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Abstract

Theoretical investigations of the optical properties of
Cd, .Zn Se with zinc-blende crystal structure are

reported. The calculations are mainly based on the
pseudopotential framework within the virtual crystal
approximation in which the effect of compositional
disorder is involved. A meaningful agreement with
known data is only obtained when the disorder effect
is included in the calculation. The zinc concentration
dependence of the selected features of

Cd, .Zn Se, such as energy band gaps, and

refractive index, has been examined. All studied
quantities are found to vary monotonically with zinc
concentration X. The refractive index has been scaled
with the zinc concentration. Such scaling showed
that the variation of the refractive index versus Zinc
concentration exhibits a non-linear behavior.

Keywords: Optical properties; 1I-VI ternary
alloys; CdZnSe
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Abstract:

The a-ketophosphonates such as (RO),P(O)C(O)R’
possess interesting and varied biological activities[1].
Their corresponding a—hydroxyphosphonates
obtained by reduction are used in the constitution of
antibacterial, antiviral, and antibiotics [2]. The
biological activities of these o-ketophosphonates
depend on the conformation which they adopt when
they approach the active site. The aim of this work is
a determination of the most stable conformations of
the a- ketophosphonates such as
[(CH;0),P(O)C(O)R] with R=(Me, Et, Pr) [3]. The
energetic variation with varying the dihedral angle
Z£0,C,PO, was studied.

The quantum chemical calculations used are at HF/6-
31G*, B3LYP/6-31G* and MP2/6-31G* levels. The
obtained graphs reveal that the most stable
conformations are intermediate between the Cisoide
and the Transoide shape.
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Abstract: III-V nitrides (GaN, AIN, InN) are
semiconductor wide bandgap particularly attractive
for  applications in  optoelectronics  and
microelectronics.GaN alloys exhibit a direct gap
adjustable hence their use in photovoltaics. Among
these alloys nitrided, is interested in the InGaN, a
material that has great potential. The sensitivity of the
photovoltaic parameters such as current short-circuit
Icc, the conversion efficiency m, the open circuit
voltage Vo and the form factor FF and the spectral
response as a function of stoichiometric coefficient x
of the alloy IniGa (1) N has been studied by the
software Pc1D.

Introduction: The goal of achieving photovoltaic
conversion efficiencies of 50% or higher not only
attributes as a scientific achievement and aids
specialized applications, but can also reduce the cost
of large-scale solar electric generation. The
maximum reported photovoltaic efficiency of 39% at
236 suns is achieved by a triple-junction
GalnPGalnAs-Ge tandem solar cell [1]. While the
achievable efficiency of triple-junction tandem solar
cells is restricted to about 40%, modeling results
show that a tandem solar cell of five junctions or
greater, or an equivalent structure, is required to
achieve practical efficiencies of greater than 50%
under an AM1.5.

InGaN material system: The III-Nitride
semiconductor system, which includes AIN, GaN,
InN and its alloys provides all band gaps needed to
construct solar cells with response above 2.4 eV. The
nitrides also have high charge velocities and strong
light absorption. InGaN LEDs are relatively
insensitive to high dislocation densities and have
unusual polarization and piezoelectric properties
.The III-N material system has undergone
remarkable development due to the use of GaN and
InxGal-xN for blue LEDs and laser diodes [2].
MOCVD has emerged as the leading candidate for
commercial growth of high band gap InGaN due to
its large scale manufacturing potential. A major
challenge for the MOCVD growth of InGaN is to
reduce its band gap and achieve efficient light
emission in the blue green region. This material can
be used as the highest band gap material in a solar
cell with five-junctions or greater. InN and In-rich
low-band gap InGaN are commonly grown by MBE.
Recently the band gap of InN was shown to be lower
than previously thought;low band gap InGaN is a
subject of fundamental study.

Simulation resultas: The described model is
incorporated in the source-code of PCID. The
simulation results of a test structure (Figure 1) are

presented and discussed.
Device Schematic
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Figure 1: Schematic of simulated device.
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Introduction:

In general, ligand design is somewhat like a fine art,
requiring an individual, often intuitive approach for
each catalytic system. The right choice of a ligand
for a metal-catalyzed homogeneous reaction can be
as critical as the choice of the metal itself. "

Great interest has been devoted to transition metal
complexes containing the so-called hemilabile
ligands, with both soft and hard nucleophilic centers
within one molecule. Due to their potential
application as homogeneous catalysts, bis-phosphine
monoxides (BPMOs) of the general formula R1R2P-
Y-P(O)R3R4, where Y is a divalent spacer,
constitute an important class of hemilabile ligands.
The combination of a soft phosphino group with a
hard phosphoryl one in the same molecule enables
biphosphine monoxide ligands (BPMOs) to have
different coordination modes depending on the
transition metal involved and can stabilize various
transition metals in low and high oxidation states.
Also, BPMOs often form labile metal chelates which
can easily generate reactive, coordinatively
unsaturated species. Consequently, the weak BPMO
chelation provides low activation energy paths to
various transformations at the metal center, such as
ligand exchange, isomerization, oxidative addition,
migratory insertion, reductive elimination, and so
forth. The structural properties of those complexes
determined with theoretical methods are very
important due to there large applications and
expensive characterisation with classic methods.

The aim of our work consists in carrying out a
theoretical study of structural properties of the
complexes of Pd, Rh, Ru (Palladium, Rhodium,
Ruthenium) with hemilabile ligands (BPMOs) .
With this intention, we carried out optimizations of
geometry of some configurations of these complexes.
All calculations were performed with the Gaussian03
program packages. @ The density functional
calculations (DFT) with the B3LYP and B3PW91
functionals employed a basis set of double-{ quality,
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which is denoted LANL2DZ in Gaussian. For the
heavy elements (e.g. Pd,Rh and Ru) effective core
potentials (ECPs) with the corresponding basis set
were used while the light elements (C, H, O, Cl)
were described by a 6-31G* basis set. Geometries
were fully optimized
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The spinosyns, a novel family of insecticidal
macrocyclic lactones, are active on a wide variety of
insect pests, especially lepidopterans and dipterans.
The biological activity of a mixture of the two most
abundant spinosyns (spinosyns A and D) is an
unsaturated tetracyclic ester with two sugar
derivatives (forosamine and rhamnose sugars)
attached through ether
Linkages. against pest insects is on a par with that of
many pyrethroid insecticides [1]. The spinosyns also
exhibit a very favorable environmental and
toxicological profile, and possess a mode of action
that appears unique, with studies to date suggesting
that both nicotinic and gamma-aminobutryic acid
receptor functions are altered in a novel manner.
Being the two investigated spinosyns (spinosyns A
and D), many of their properties are strongly
dependent on the environment, i.e. the nature of the
solvent and the pH of the solution. Therefore, this
investigation has been extended to the forms
spinosyns A and spinosyns D and the effects of the
solvent have been taken into account. Despite the
numerous experimental works on spinosyns, only a

few theoretical studies have been reported to date on
spinosyns A and spinosyns D [2]. In this work, the
structural properties and chiralite of spinosyns A and
spinosyns D are studied with ab initio methods in
vacuum and in solution. Molecular structures have
been optimized with MP2, RI-MP2 and DFT using
different functionals and basis sets. Harmonic
vibrational frequency calculations have been
performed on the optimized structures to ensure that
geometries obtained were real minima. The frontier
molecular orbitals and the HOMO-LUMO gap of the
different geometries have been computed and their
changes have been thoroughly analyzed.
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Introduction: The theoretical study proposed
here is essentially limited to the nonlinear analysis of
the evolution of Taylor instability in the vicinity of
its occurrence. This domain of investigation has been
abandoned for 30 years. In 1920, Lord Rayleigh
attempted to conduct a study of linear stability in the
event of a perfect fluid [1]. G.I. Taylor took over the
problem in 1923, real fluid [2]. In 1958, J.T. Stuart
made the first non-linear theory in hydrodynamics
[3].

The question applies to a movement flow system
confined between coaxial cylinders. These
developments set the amplitude A(t) related to the
instability of Taylor. In particular, it examines how
the solution calculated from the linear theory to
determine the evolution of the amplitude Ae
equilibrium when the Taylor number Ta tends
towards the critical value corresponding to Tcl
appeared. For this purpose all this theoretical
approach based only on the data of steady laminar
movement 7 as a variable of the problem

considered. In general, the disturbance field (u, v, w)
and the perturbed average field ¥ will be considered

as a distortion of the entire flow from the basic
movement .

The movement considered applicable to a flow
system confined between coaxial cylinders whose
interior cylinder is rotating and the outer one is kept
fixed in an upright position (Figure 1). It is assumed
that the flow evolves infinity geometry such as
aspect ratio ' = H/ d is ' — oo. For our study, will
be selected, the system of cylindrical coordinates (r,
0, z) knowing that the radial positions r and z axial
flow are defined respectively in the field:

r [ [Ry, Ry] et 0< z <H in function of the velocity
components V (V=U, V=V, V,=W) respectively

along the radial direction r, azimuth 0, and axial z.
We started by the system of linear equations of

the instability of Taylor

C’—)(DD* =22

~(DD" - 2% -
12 r

D’ -2 yw=(DV
Bou c%ry cond1t10n v )v ¢ s
U= RQ et V=W=0

U=RQ, et V=W=0

a r=R

a r=R,
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Figure 18: Cylindrical coordinates of the Taylor-
Couette flow system

The expression of the average field in laminar
disruption is written as follows:

V(y) =7, +001, Rear 54" (7.06 10Ty - 277, +
6.667, —5.79337," +1.81427, —0.0327," —0.01947, )

Under these conditions proposed, and with the
application of the Galerkin method, it was able to
assess the evolution of the equilibrium amplitude Ae
from a calculation using the value of the mean field.
The representation of the equilibrium amplitude Ae
depending on variable factors o and 3 allowed us to
optimized and adapted to the times following the
theory, and experiment.

3
42 = L183107 1—[1.038ﬂ—0.508] L
Reg B, B T,

This new formulation shows a more general and
global instability of the approach and incorporated
the key to assessing the degree of disturbance and
disruption of the field and its distortion.
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Abstract: This work describes the design of
simulation software for photonic crystals modeling
and analysis using the two most popular methods,
FDTD and PWE. The software is implemented using
C++Builder and developed using object-oriented
scheme and modular approach, to enable code reuse
and ease of upgrade in future.

Photonic crystals, in which the refractive index
changes periodically, provide an exciting tool for the
manipulation of photons and have made substantial
progresses in recent years. Due to the complexity of
synthesis and design of photonic crystals as well as
the costs of systematic experimental analysis,
Simulation of such structures has become of
increasing importance. The FDTD (Finite Difference
Time Domain) gives the electromagnetic field
distribution inside the crystal and the PWE (Plane
Wave Expansion) is to calculate the band structure
and provide the dispersion diagram. Combining these
two powerful methods into one package with
Intuitive and flexible graphical user interface
produces a virtual laboratory for photonic band gap
materials investigations.

The figure below shows the basic modules of the
software package. Windows interface module is to
handle use interface, read and parse input data and
set up the data types and variables in the program.
The input module consists of graphical interfaces to
set parameters of mesh generation, boundary
conditions, excitation sources, media investigated
and a cad-based interface to represent the photonic
materials.

'
! ]
| FDTD Solver !

Windows Interface | .
! ]

Module \ PWE Solver |
[* T '

'

| ]

'
' Simulation Engine .
Input Module  Output Module | | '

Figure 19: Major software blocks

The simulation engine, through the two solvers and
the package of FDTD and PWE algorithms
implemented, is to execute the operations and give
back the results calculations. The output module is to
recover the results of the simulations and display
them graphically and numerically.

W) -—— - T
i

TR
iy

Figure 2: Graphical user interface view

Figure 3: Graphical Output samples

we have calculated the band structure of a 2D
photonic crystal based on LiNbO; material with air
holes in triangular lattice. The TM polarization and
the ratio r/a=0.43 were chosen. The result was the
same as the one calculated using “MPB”, the
standard developed by MIT.

Figure 4: Band Structure of 2D phc based on LiNbO;
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Introduction:

Alloys based on the Fe-Al phases matrix
represent a promising class of intermetallics with
great potential for substituting stainless steels for
applications at elevated temperatures. This is due to
their high strength, excellent resistance against
corrosion, low cost of the constituents and a lower
density compared to that of many other iron-based
materials. The principal shortcoming is their
pronounced brittleness at ambient temperature which
has been tried to be overcome by micro and macro
alloying. Among the elemental addition are Zr and
Nb that form intermetallics compounds named Laves
phases.

The aim of this is to use ab initio calculations
(with the (PP) Pseudopotential method) to give new
insights on structural and thermal properties of
binary and ternary C15-Laves Fe,(Zr,Nb) alloys. The
temperature effects have been obtained using the
quasi-harmonic Debye model exploiting the total
energy calculations of the PP method.

Cell Bulk Modulus B

Compund parameter (GPa)
ay(Bohr)

Fe,Zr 13.347 139.5
FCQ(ZI’O.75Nb0'25) 13.252 143.2
Fez(Zro‘5Nb0,5) 13.152 152.3
Fez(Zr0,25Nb0,75) 13.046 160.2
Fe,Nb 12.940 166.1
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The main results show that:

1) The structural properties obey to the Vegard’s
law, meaning that Fe,(Zr, Nb) are quite ordered
alloys independent of the Zr/Nb ratio.

2) The use of the quasi-harmonic Debye model was
successfully applied to determine the thermal
properties of the Fey(Zr, Nb) alloys in the 0-1000 K
temperature range. The effect of temperature on bulk
modulii and volume expansions is important in
Fe,Nb while lesser in Fe,Zr.
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Abstract: A series of static calculations and ab
initio molecular dynamics in high temperature and
high pressure have been undertaken to investigate the *
structural, electronic and optical properties of Si-O
systems namely quartz, cristobalite and stishovite.
In this context, density functional theory DFT
approach is used with different functional as the local
density approximation LDA and generalized gradient
GGA, based on the use of two types of
pseudopotentials, ie the pseudopotential Ultrasoft
and the standard norm-conserving.
Our study allowed us to determine from the
geometry optimization, the most stable structure of
these materials and their corresponding lattice s
parameters. Encrgy (cV)
Our study allowed us to determine from the
geometry optimization, the most stable structure of
these materials and their corresponding lattice

ini
1600°K

—273°K

Density of States (clectrons/eV)

Figure 1 : Densities of states DOS for quartz a.

parameters. e
The electronic properties such as densities of states,
band structures have been described. As for the ] | 273°K
optical properties we became interested in ] | ———1e00°K
determining the complex dielectric function that aims 124
primarily to calculate the dielectric constant of the 10+
material and the optical gap. § o
The results obtained are in good agreement obtained o |!
by other previous work. ol
Table 1: Structural parameters, energies and Z h LA > /
charges for silica polymorphs. H i I s i 5 6
Lattice Quartz Quartz Cristobalite Cristobalite Stishovite R
?:Z;' MELETS Alpha Beta -high -low Figure 2 : Radial distribution functions g( r ) for quartz o.
a 5014132 5.025651 7.328912  5.177410  4.180847
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Abstract

The study of rare earth intermetallic compounds
have received great attention of the scientific world
because of their unique mechanical properties, such
as high tensile strength, good ductility, high
corrosion resistance and thermal stability.

A new class of ductile intermetallic compounds
was recently discovered. These intermetallics are
made of equal atomic ratios of a rare-earth element
and late transition metal or early p-element. The
intermetallics have CsCl-type (B2) structure, of
which the primitive unit cell is cubic, with one sub-
lattice site occupying the corners of the cube and the
other occupying the center of the cube. These
intermetallics have high ductility and high fracture
toughness at room temperature, with several of them
exceeding a remarkable value of 21% tensile strain.
The reason for the high ductility and strength is not
entirely clear.

Studies indicate that the elastic behavior of these
materials is significantly more isotropic than
“‘typical’’ B2 intermetallics, and their bonding is less
covalent than, for example, NiAl which also has B2
structure.

To understand some of the physical properties of
these compounds we have investigated the structural,
elastic and thermal properties of intermetallic B2—
YX (X=Cu, Mg and Rh) compounds using the full-
potential augmented plane wave (FP-LAPW)
method,  within  the  generalized gradient
approximation. The calculated structural parameters,
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the bulk modulus and its pressure derivative are in
agreement with the available data. The independent
elastic constants and their related properties satisfy
the requirement of mechanical stability, indicating
that our compounds could be stable. Thermal effects
on some macroscopic properties of YCu, YMg and
YRh are predicted using the quasi-harmonic Debye
model in which the lattice vibrations are taken into
account. For the first time, the numerical estimation
of the thermal properties are performed for these
compounds and  still await experimental
confirmations.
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Introduction: Spectroscopic techniques for
mapping out localized-state distributions are of
fundamental importance for understanding of
electronic properties of amorphous semiconductors.
An experimental technique often used for this
purpose is that of transient photoconductivity (TPC).
A method for the determination of density of states
from TPC using Laplace transforms is described

Theory: The basic multiple trapping equations in
case of monomolecular recombination are then

dn dn. n

— =y —L——+n,(t), 1
dt Zdt A (t) M
%=a)l.n—5ini, )
dt

Theses equations can be solved using Laplace
transforms. If we start with the Laplace transforms

0

n@):jmnaﬂm, 3)
0
We obtain
n
ns)=——% - . )
s+ —+ g E) dE
z— 0 _1(87
s+ ve

Here, g(E) is the localized-state distribution of

amorphous semiconductors in question. With some
algebra methods, we arrived at the theoretical form

of g(E) as follows
1 d (1(0) _sl ®)
ovk,T | dns\ I(s)

Results The Laplace transform of [ (t) can be
carried out by simple numerical integration over
N sampling points

N-1 ~
16)=31.0e +10)e Ft
i=2

The localized-state distributions can be obtained
from Eq. (5). The physical quantities used in the
computation were

g(E)=

av:lo”cm;{;v:10%-l

We applied the LT method to the determination of
the localized-state distribution in a-Se (Amorphous
Selinium). The fig. 1 shows the TPC following flash
illumination of a coplanar sample of a-Se. Fig. 2
shows the calculated localized-state distribution in
some temperature.

T=213K
1E5q iy a-Se 4

)]

Fig. 1: Transient photocurrent of a coplanar sample
of a-Se.

peak 1 peak 2 T=213K
a-Se

o(E) (cm’eV")

D | ot ol o il s

02 03 04 En:rigy ; e\?]ﬁ 0.7 o8
Fig. 2: The localized-state distribution g(E) as
computed from the data in the Fig. 1
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Abstract

Data mining is predicted to be “one of the most
revolutionary developments of the next decade ” [2],
“ it is the process of discovering meaningful new
correlations, patterns and trends by sifting through
large amounts of data stored in repositories, using
pattern recognition technologies as well as statistical
and mathematical techniques. ” [1]

In this work we study the exchange and correlation
energy in density functional theory, using data
mining tools. As we know the exchange and
correlation energy is a key quantity in DFT, it is very
important in conception of new materials.
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Principal component analysis (ACP), and partial
least squares regression methods, computing
techniques, were used here to predict the exchange
and correlation energy of a 194 binary materials,
which prove that the regression PLS is a powerful
tool for prediction of materials.

Keywords: Exchange and correlation energy,
density functional theory, data mining, principal
component analysis, partial least squares regression.
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Abstract:
During the last decade, the metal/ceramic interface
has been widely studied, as well on the experimental
point of view as on the theoretical one, due to its
numerous applications in coating, heterogeneous
catalysis,  microelectronics, thermal  barriers,
corrosion, and fabrication of composite materials, etc

[5]

A particular case of metal/ceramic interface of
interest in this study is cermets interfaces, those
cermets consist of a ceramic material (such as
carbides or carbonitrides) with a metal binder. Most
of the time, the ceramic provides high hardness while
the metal provides the toughness. First-principles
density functional theory calculations have been used
to study the adhesion of the cermet interfaces, Dudiy
and Lundqvist [2-4] studied the Co/Ti(C,N)
interfaces and Christensen et al. [1] compared
Co/WC and Co/TiC interface adhesion. The present
work considers another important situation of cermet
interfaces, in particular the effect of Re alloying on
adhesion of Mo/ZrC cermet.

Although Mo did wet the refractory carbides ZrC
but for certain cermets, it is preferable to use additive
elements which can improve  wettability.
Microscopic examination of the metal/ceramic
interfaces showed that Mo-40%Re/ZrC has highly
desirable wetting and solubility characteristics for
making cermets [6].

In this work, we use first-principles density
functional pseudopotential calculations to study the
adhesion and the interfacial electronic structure of
Mo(110)/ZrC(100) interface.

The work of adhesion (W,4) was calculated for
two different stacking sequences with respect to the
ZrC surface structure and it was found that Mo atoms
prefer to bind above the C atoms and the interfacial
Mo and C atoms form strong covalent bonds. In
addition, we examine the effects of Re alloying
element at the interface, and find that Re atom
addition improves the adhesion, as shown in table 1,
the work of adhesion increases with 0.67 J/m2, but
does not affect the nature of the interface bonding.

Tablel: Change in W, and dy due to the
substitutional incorporation of Re at the Mo surface

Segregation atom | d0 (4) Wad (J/m2)

Mo/ZrC Clean 1.66 3.67
interface Re 1.63 4.34
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Abstract:

Luteolin (3°, 4°, 5, 7-tetrahydroxyfavone) is one of
the more common flavones. It is present in many
foods including parsley, celery, peppers, olive oil,
rosemary, lemons, and thyme. It play an important
role in the human body as an antioxidant, a free
radical scavenger, an anticancer, an agent in the
prevention of inflammation and an immune system
modulator.

Despite the numerous experimental works on
flavones, only a few theoretical studies have been
reported to date on luteolin [1-2]. To gain insight into
the structural and electronic properties of luteolin, we
report here a theoretical investigation of this system
in vacuo.

The structural properties of luteolin in vacuo are
studied with ab initio methods. Molecular structures
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have been optimized by MP2 and DFT using
different functionals and basis sets. The frontier
molecular orbitals and the HOMO-LUMO gap at the
different geometries of luteolin have been computed
and analyzed.
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Abstract: Charge-stabilized colloidal suspension
exhibit rich thermodynamic phase behaviour and
tuneable material properties that are the bases of
many industrial, technological and biological
applications. In this paper, we determine the radial
distribution function for charge-stabilised colloidal
suspensions for various volume fractions and various
salt concentrations by mean of Ornstein Zernick
Integral Equation Theories (IET) from a previous
knowledge of the interactions (Levin Y 2004)
between pair of particles. The pair potential is
calculated using the Derjaguin-Landau-Verwey-
Overbeek(DLVO) theory which reduces the original
multicomponent colloidal suspension (formed by
macroions -colloids-, microions -conterions and salt
ions in case of added electrolyte- and solvent
molecules) to an effective one formed by charged
macroions dressed by strongly correlated microions.
The DLVO theory (Derjaguin B and Verwey E J W)
is based on the Poisson-Boltzmann (PB) equation of
microions written in the framework of a given model
(Dobnirar. J) (Cell, Jellium or modified Jellium
model). The PB equation gives information on the
pair interactions between macroions and provides an
approximate equation of stat of the suspension.
Interaction potential utilised as input in the IET
scheme (Lomba. E) is effective (Trizac E 2002) and
depend on the renormalized charge and the effective
screening parameter. By neglecting the attractive part
of the DLVO potential (the case of highly charge
colloidal suspensions), the resulting interaction is
repulsive and takes the Yukawa form. Because the
interaction potential can be density-dependent, by
mean of the screening parameter, the use of IE
scheme must be applied using serious precautions. In
our case we utilise a self integral equation theory, the
so-called double Self Consistent Verlet Modified
closure (SC2VM) which was adopted for the first
time by us to solve the thermodynamic
consistency(Smain F 2010) problem of charge
colloidal suspensions. The SC2VM is a parametric
form of the Verlet Modified closure considered as
one of the most accurate closures for repulsive
systems. The use of this closure can be justified by
the important repulsions between highly charged
like-colloidal surfaces.

We find that in the salt free case, when the
screening is dominated by the counterions, the
interaction potential is density-dependent, The
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consistency criteria is fixed by comparing the
osmotic isothermal compressibility calculated both
from IET and from PB equation (Trizac E 2007). In
highly salt concentration, the screening is dominated
by the salt ions, therefore the density dependence of
the potential is week and the potential behaves like a
hard core potential, in this case the standard IET
scheme can directly be applied. The comparison of
the renormalized parameters with experimental data
show that the cell and the Jellium models reproduce
only qualitatively the dance and the dilute
suspensions, this is due to the fact that these imperial
models neglect the effect of the correlation of
macroions on the structure. In order to inject a good
pair potential which take into account colloidal
correlations in the IET we utilised the modified
Jellium model (Castafieda-Piegro R).

Keywords Charge colloidal  suspension,
Structure, Effective interactions, Integrals Equations
Theories.

References:

Castafieda-Piegro R, Rojas-Ochoa L F, Lobaskin, V
and Mixteco-Sanchez C. (2006), Phys, Rev, E 74,
051408,20006.

Derjaguin B V and Landau L. (1941), Acta
Physicochimica 14, 633.

Dobnirar. J, Castafieda-Piegro R, Griinberg H and
Trizac E. (2006). New. J. Phys 8, 277,2006.

Levin, Y. (2004) Brazilian Journal of Physics 34,
1158 (2004).

Lomba. E, Alvarez M, Lee LL and Almanza N G.
(1995) J. Chem. Phys 104, 41801995.

Smain F and Ould-Kaddour F. (2010) A macroion
correlation effect on the structure of charged
stabilized colloidal suspensions: A self integral
equation study. In press in Colloid and polym Scien.
Trizac E, Boquet L, Aubouy M. (2002) Phys. Rev.
Lett 89, 248301 17, 2002.

Trizac E, Dobnikar J, Belloni L, Von Griinberg H H
and Castafieda-Piegro R. (2007) Phys. Rev. E 75:
011401, 2007.

Verwey E J W and Overbeek J T G (1948) Theory
of the Stability of Lyophobic Colloids Elsevier,
Amsterdam.

P49



North African Conference on Computational Physics and Chemistry 2010

NAC-CPC'10

A Comparaison of Experimental and Theoretical Optical
Constants of the ZnxCd1-xO (x=1-0.6 - 0.4 - 0) Thin Films

H.Tabet-Derraz', M. Boukhalfa', N. Benramdane', J-M. Frigerio2

'laboratoire d’Elaboration et Caractérisation des Matériaux, Département d’Electronique, Université Djillali
Liabes, Sidi Bel Abbes, 22 000, BP. 89, ALGERIA
’Institut des Nano Sciences de Paris, Université Pierre et Marie Curie - Paris 6,
CNRS, UMR 7588, Campus Boucicaut, 140 rue de Lourmel, 75015 Paris, FRANCE
htabet@univ-sba.dz

htabet05@yahoo.fr

Abstract:
In this work, we expose the fact that when we mixed
two pure binary materials having different structure
we can obtain a new material, not an alloy but a
composite one. Those two pure binary materials are
the ZnO with an hexagonal wiirtzite structure and the
CdO with cubic (NaCl) structure. They are obtained
by the spray pyrolysis technique at a temperature of
deposition of 420°C by using respectively
Zn(NOs),.6H,0 and Cd(NO;),. 4H,O solutions at
0.1 Mol/l. To obtain the Zn,Cd,; O we mixed the
solution respectively at 40 and 60% to obtain the
Zny4CdpsO and ZngsCdy4O. Them spectral RX
diffraction indicate the co existence of the peacks of
the ZnO and CdO materials with the grain size
average of about 26.75 nm estimated from the
preferential orientations (002) and (200) respectively.
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The evolution of the optical parameters of the
Zn,Cd;_O can be calculated from the measurements
of the transmittance and the reflectance of the all
samples and by using just of the ZnO and CdO in a
model of the approximation of the effective medium
(Bruggeman). From the evaluation of the dielectric
function we can deduce the refractive index n around
1.7 and the extinction coefficient k and calculate
optical properties of the obtained films. The results
of the model are in agreement of the experimental
ones as the gaps of the materials which vary between
2.26 and 3.26 eV.
Keywords:

Spray pyrolysis, binary materials, composites, model
of Approximation of the Effective Medium, optical
parameters.
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The hydrogen energy system represents a major
challenge, scientific, environmental and economic.
Liquid hydrogen consists of 99.79% parahydrogen,
0.21% orthohydrogen. Liquid para-hydrogen (p-H,) is
a typical quantum liquid, which exhibits strong
quantum effects especially at low temperature. The
objective of this research is to review the reliability of
the method of molecular dynamics, namely the
correlation of different thermodynamic properties
calculated of para-hydrogen in liquid state at different
state points in the phase diagram. Several fundamental
transport properties (the radial distribution function, the
total energy, pressure, potential energy, enthalpy, the
diffusion coefficient and shear viscosity.) of liquid
para-hydrogen (p-H,) at different state points have been
numerically evaluated by means of the quantum
dynamics simulation called the Feynman-Hibbs
molecular dynamics (FHMD) [1].

For comparison, classical molecular dynamics (MD)
simulations have also been performed under the same
condition. In accordance with the previous path integral
simulations, the calculated static properties of the
liquid agree well with the experimental results [2]. For
the diffusion coefficient and shear viscosity, the FHMD
predicts the values closer to the experimental ones
though the classical MD results are far from the reality.
The agreement of the FHMD result with the
experimental one is especially good for the shear
viscosity with the difference less than 5%.
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Introduction: The actual aim of researchers is
focusing to performing the efficiency of silicon solar
cells based on amorphous materials. An important
design that must give a good performance is the
tandem solar cell (double or triple PIN
junction).Optical and electrical analysis of a
micromorph silicon solar cell is carried out using
numerical simulations with AMPS-1D software
intended for non crystalline materials simulation.We
investigated the influence of various parameters for
each layer top cell (a-Si: H) and bottom cell (pc-
Si:H) in particular the thickness, the doping level and
the Density of states (DOS).

The simulation analysis confirms that the
combination of an a-Si:H PIN top cell and a pc-Si:H
PIN bottom cell is the best structure to profit from a
large range of the solar spectrum with a significantly
higher stable efficiency compared to single a-Si:H
PIN and pc-Si:H PIN cell.

The performances of micromorph cell obtained from
simulation agree very well with the experimental
results and confirm the importance of the
combination a-Si/pc-Si as a double junction solar cell
[1].

Simulation results: During our simulation under
AMPS 1DJ[2], we have take fixed conditions of
illumination ‘One Sun’ with the standard AM1.5G
and the ambient temperature of 300 K. The model
DOS (density of states) is used for the modeling of
the amorphous materials which possess a strong
density of defects such as the amorphous silicon and
the microcrystalline silicon. We did not take into
account the defects at the interfaces between various
materials.

In tandem applications, we have chosen a-Si
top cell with following thickness layer:
= Thinner layer a-Si doped p (L = 10 nm)
= Intrinsic layer a-Si, the thickness is 250 nm
* Thinner layer a-Si :H doped n (L’ =20 nm)
The microcrystalline cell is mainly constituted
by:

= A film pc-Si doped p of thickness of the order

of 30 nm with Eg =14 eV

= An intrinsic pc-Si film with Eg=1.4 eV

= A material pc-Si doped n of thickness of 30 nm

approximately Eg = 1.4eV.
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In accord with the importance which must be
taken to the density of current in a tandem cell, in the
follow work of simulation we have taken 900 nm
thick intrinsic layer of the bottom cell.
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Figure1: Illuminated J-V characteristic of a-Si, pc-Si
and combination a-Si/pc-Si solar cell.

The corresponding performances are
mentioned in the following table:

Table 1: Photovoltaic parameters of a-Si,
pc-Si single junction and a-Si/pc-Si tandem solar
cell.

Structure PIN | a-Si:H pe-Si:H a-Si:H/pe-Si:H
Jsc (mA/en’) 11.675 20.436 12.58
Voc (V) 0.894 0.583 1.21
n(%) 5.968 6.244 9.85
FF (%) 57.2 52.4 64.75
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Abstract

Half-metallic ferromagnetisms(HFM), which have
only one spin channel for conduction at the Fermi
level, have attracted more and more attentions
because of their potential applications in spin-based
electronic devices.

The HMF has been found in many materials, for
example in ferromagnetic metalic oxides, dilute
magnetic semiconductors, binary transition metal
pnictides, calcogenies with zinc-blende structure and
Heusler compounds [1]. Since their first discovery by
de Groot et al[2]. Among them, half-metallic
Heusler alloys are exepted to play a key role in
realistic  applications du their high Curie
temperatures and their structural compatibility with
the widely used binary semiconductors cristallizing
in zing-blende structure.

Although the research on HMF is intense, half
metallic ferrimagnetic materials are much more
desirable than their ferromagnetic conterparts in
magneto-electronic applications. This is mostly du to
the fact that the small value of the total magnetic
moment in these systems provides additional
advantages, they do not give rise to strong stray
fields in devices ans are less affected by external
magnetic fields. Some perfect Heusler compounds
like FeMnSb and Mn2Val are predicted to present
half metallicity in conjunction with ferrimagnetis[3]

Using the first-principles plane wave pseudopotential
method based on density fonctional theory and
within the generalized gradient approximation
framwork, we have investigater the electronic and
magnetic structures L2; of the heusler alloyn
Mn2TiZ (Z=Al, As, Bi, Ga, Ge, Sb, Si, Sn) with high
ordered structure.

Table 1: The calculated equilibrium lattices of
ferrimagnetic phase and spin magnetic moments.

Compound a(A) UB

Mn2TiAl 5.967 3.06
Mn2TiAs 5.820 0.99
Mn2TiBi 6.201 3.06
Mn2TiGa 5.945 1.99
Mn2TiGe 5.875 1.02
Mn2TiSb 6.073 1.99
Mn2TiSi 5.782 2.05
Mn2TiSn 6.135 5.13
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Abstract: Based on first-principles FP-LAPW
calculations, we have investigated the electronic
structure of the tetragonal ternary iron arsenide
BaFe,As, in the non-magnetic state using the local
density approximation (LDA) and in the
ferromagnetic state using the local spin density
approximation (LSDA) and the LSDA+U (with
Hubbard-U corrections). The obtained results reveal
that from a structural point of view, the
ferromagnetic case studied using LSDA is similar to
the non-magnetic case. Using the LSDA+U, the Fe-
3d states are located in the valence bands for
majority spin, and around the Fermi level for
minority spin. The electronic structure is
characterized also by hybridization between Fe-3d
and As-4p states which is responsible for covalent
Fe-As bonding.

Introduction: The Superconductivity in iron-
based oxyarsenides has recently become a hot topic
in the condensed-matter physics community. The
discovery of high-temperature superconductivity in
oxypnictide phases, prototype LaFeAs(O,F) by Singh
has sparked widespread interest in establishing the
physical properties of these materials and especially
the mechanism for superconductivity. de Jong et al.
have presented high-resolution photoemission data
taken with hard x-ray and VUV photon beams on
single crystals of the undoped parent compound of
the electron- and hole-doped pnictide high-
temperature superconductor, BaFe,As,. From the line
shape of the core levels it could be deduced that the
near-EF electronic states are primarily of itinerant Fe
3d character.

Calculation: The calculations are based on the
density-functional theory in the local spin-density
approximation (LSDA) with additional Hubbard
correlation terms describing on-site electron—electron
repulsion associated with the 4f narrow bands
(LSDA+U approach).

We first calculate the total energy as a function of
the volume per formula unit for the ferromagnetic
and anti-ferromagnetic states of BaFe,As, compound
(Fig. 1). We find that for all systems the anti-
ferromagnetic phases have lower energies than the
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ferromagnetic phase. To find the ground state,
several initial spin configurations were tried. In all
cases, spin polarization of final configurations was
nonvanishing, which demonstrates the presence of
stable magnetic moments.
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Figure 20: Total energy versus volume for BaFe,As,
in different magnetic configurations.
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Dans ce papier nous exposons une ¢étude
numérique de la réponse spectrale d’un réseau de
nano-fils en Ag de dimension sub-longeur d’onde.
L’outil de modélisation numérique utilisé, est la
méthode différentielle avec sa nouvelle formulation
développée grace aux remarques de Li ainsi que
I’utilisation de I’algorithme ‘S-Matrix’ [1] et le
’Redheffer’s star product’ [2].

Ces calculs basés sur l’interaction de la
lumiére incidente avec un réseau de nano- fils, nous
ont permit de suivre [’évolution du spectre
d’extinction optique en transmission du réseau de
nano-fils métalliques en ajustant les paramétres
géométriques du réseau ainsi que I’indice du substrat.
Les paramétres géométriques considérés sont
similaires & ceux utilisés expérimentalement par
Schider et al [3].

Les résultats que nous avons obtenus numériquement
et qui tiennent compte du champ lointain ainsi que
du champ proche optique, se sont avérés en bonne
concordance avec ceux obtenus expérimentalement
par Schilder. Nous exposerons ensuite le diagramme
de rayonnement de ces structures nonométriques
dans différentes conditions.

M. Neviere et E. Popov, Light propagation in
periodic media: differential theory and design,
Marcel Dekker, New York, 2003.

J. Tervo et al, Optics Communications 198 (2001)
265-272.

[3] G. Schider et al, Optical properties of Ag and Au
nanowire gratings. Journal of applied physics
volume 90, number 8 (2001) 3825 - 3830.
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Abstract

The structural and electronic properties of f3-
ZINX (X = Cl, Br and I) have been investigated
using the full potential linearized augmented plane
wave (FP-LAPW) method within density functional
theory (DFT). We wused the local density
approximation (LDA) and the generalized gradient
approximation (GGA) that is based on exchange—
correlation energy optimization for calculating the
total energy. The plane wave cut off of Kmax =
7.0/RMT (RMT is the smallest muffin-tin radius) is
chosen for the expansion of the wave functions in the
interstitial region while the charge density was
Fourier expanded up to Gmax = 12, with special k-
points equal to 65.

The equilibrium lattice constant for B-ZrNX
(B-ZrNCl, B-ZrNBr and B-ZrNI) compounds agrees
well with the experimental and theatricals results.
We have investigated the lattice parameters, bulk
moduli, band structures, total and partial densities of
states, charge densities for B-ZrNCl, B-ZrNBr in the
SmSI structure and B-ZrNI in YOF structure are
presented. The results show that both ternary
compounds possess an indirect and larger. Note, that
Our results are in good agreement with theorical and

experimental values.
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Abstract

We present first-principals calculations
concerning structural and electronic properties of, -
MNCI (M = Ti,Zr and Hf), In is studied by means of
fully relativistic full-potential linearized augmented-
plane wave (FP-LAPW) calculations within the
formalism of the density functional theory(DFT) in
the local density approximation (L.D.A) and the
generalized gradient approximation (G.G.A) for the
exchange correlations functional., with WIEN 2k
package.

The equilibrium lattice constant for (j-
TiNCl, B-ZrNCl and B-HfNCl) compounds agrees
well with the experimental and theatricals results.
We have investigated the lattice parameters, bulk
modulus, band structures, total and partial densities
of states, charge densities for B-ZrNCl, B-ZrNBr and
B-ZrNI in the SmSI structure are presented. The
results show that both ternary compounds possess an
indirect and larger. Note that our results are in good
agreement with theorical and experimental values.

Keywords: metal nitride chlorides, DFT, FP-
LAPW, GGA, Electronic structure.
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Abstract: Porous silicon is studied in recent years
potential candidates for low-k applications. This paper
reports on micro-instrumented indentation of a porous
silicon structure obtained by anodisation of a p type
doped (100) silicon substrate in function of the current
density. Correlations between mechanical and
microstructural properties of the films are discussed.

Keywords: Microindentation, mechanical
properties, porous silicon

Experimentation: The porous silicon layers were
obtained by anodisation of a highly p-type doped (100)
silicon substrate (_ = 0.01_ cm). The electrolyte was
composed of HF (27%): H20 (38%) ethanol (35%)
during 2mn. The surface of porous silicon samples was
observed under a Scanning Electron Microscopy
(SEM), a Hitachi 2460N with variable pressure.
The measurements were performed with a
Fischerscope H100 XYp micro-indenter (maximum
load of 1 N, load resolution of 0.02 mN, depth
resolution of 2 nm). Indentation tests consists in
continuously applying a load to the specimen with a
sharp Vickers pyramid indenter of face angle 136° and
continuously monitoring the penetration depth in the
sample.

Results and discussion:
Figurel schows a micrographie picture of the top
surface of two porous silicon layer obtained with the
current density of 100 and 150mA/cm2. The
mechanical properties are strongly influenced by their
pore structures, such as porosity, pore size, pore
orientation and interconnections between the pores.
The SEM pictures allowed the size and density of
pores to be estimated [1]

Figurel: SEM micrograph of the top surface of PSEG

and PSE7
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Figure2,3, show the evolution of the reduce modulus of
elasticity , it increases gradually with the increasing of
the indentation depth and increasing applied load. It
dependent on the substrate's Young's modulus, because
elastic fields have longer ranges than plastic fields,

.

h t
Figure2: Evolution of the reduced Egz modulus on
the top surface of PSEG with the indentation depth

hmz:-;.

L]
Figure3: Evolution of the reduced Ex modulus on
the top surface of PSEG with the indentation load F.

which are localized [2]. The same results are obtained
for PSE7.

Conclusion:
Elastic modulus changes with the penetration depth.
The porosity, pores sizes and thickness affect the
mechanical properties of porous silicon. The substrate
influence on the elastic properties.
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Abstract: J\i“” ,EW
The reaction of claisen rearrangement is a o i ,«P\ _ I1_ e 7 N
sigmatropic reaction discovered in 1912 by Ludwig v e N//'LO, 0%y
Claisen 1. In this rearrangement there is migration of (A) () s e
o bond along a system n. This reaction is concerted J
where intervenes a state of transition from a cyclic J
structure to six links. oM

0
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Figure 1 : Model on the claisen rearrangement Figure 2:

The replacement of the basic heteroatom azanorbornene

oxygen (X=0) of a Claisen rearrangement by a

nitrogen atom defines the so-called aza-Claisen We calculated, in gas phase,

H -
[s} N
P
<¢«__ \N{

Me

The reaction of methyl isocyanate and

the geometrical

rearrangement. This reaction presents a great interest
in the organic chemistry 2.

We proposed to study the reaction del,3 diaza-
claisen between methyl isocyanate (A) and the
azanorbornene (B).

These two reagents lead to two products (C) and (D).
The compound (C) is the majority product and
results from a nucleophilic attack of nitrogen. The
product (D) results from a nucleophilic attack of
oxygen. (Figure 2)

properties and determined the reaction path for two
products using an ab initio calculation MP2/6-31G*.

Our calculations are in good agreement with the
experimental data.
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Abstract:

One of the more exciting research areas in
pharmaceutical and medicinal chemistry has been the
design and synthesis of so-called peptidomimetic
molecules. These latter are obtained by transforming
the information found in natural peptide into low-
molecular-weight nonpeptide  structure.  These
compounds are expected to have the same
therapeutic effects as natural peptide counterparts,
with an added advantage of enhanced metabolic
stability, a longer duration of action and high
selectivity. Of particular interest has been the
substitution in a given natural substrate of dipeptide
pattern with a constrained rigidified counterpart that
stimulates a so called pB-turn. On the many peptide
secondary structures, f—turns are at the centre of
interest in drug design since they have been
identified as bioactive conformations. Among
peptides backbone modifications, replacement of o-
carbon of an amino acid by a Nitrogen atom to give
Azapeptide seems to be a powerful tool to limit
conformational flexibility of the native peptide and
improve its biological activity.
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The Computational studies of For-AzaPro-NH2, Ace-
Pro-NHMe, Ace-AzaPro-NHMe, carried out by ab-initio
methods HF/3-21G*, HF/6-31G*, B3LYP/3-21G* and
B3LYP/3-21G* showed that substitution of (CH)a by a
nitrogen atom of proline induced very important local
structural changes. The o-nitrogen atom is at the center
of a sp3 pyramidal structure with a prochirality. The most
important result was obtained with a potential energy
surface E=f (o, y) study of For-AzaPro-NH2 with a 30°
step. This latter compound showed that unlike proline,
the Azaprolyl residue favors a BVI-turn with the residue
(i+1) preceding it.

In order to understand typical elements that influence
stabilization of B—turn in Azapeptide and since the 3D-
arrangement of amino acid side chain is essential for the
interaction with recognition receptor, the theoretical
studies of a set of  Azapeptide model
Ace-Xaa-AzaPro-NH2 with (Xaa= Gly, Ala, Phe, Cys)
using DFT as calculation method is investigated.

Keywords: Computational chemistry; -turn;
Azaproline; Ab-initio calculations.
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Abstract:

Pyrazolones constitute a group of organic
compounds that have been extensively studied due to
their properties and applications [1, 2]. A great deal
of attention has been paid to the analgesic and
antipyretic properties of these compounds. Although
the use of pyrazolones as drugs has warranted
significant attention, many more applications have
been devised for this group of molecules outside the
pharmaceutical field. For example, they have been
applied to the solvent extraction of metal ions and in
the preparation of colorants. In the present work, the
mechanism for the reaction of synthesis of new
derivative pyrazolones has been characterized in
detail by means of B3lyp/6-31g* method using
Gaussian 03 program, in gas phase and solution.
Calculations in ethanol were performed using PCM
model [3, 4]. Our study indicates that the reaction
can occur according to two approaches, leading to cis
and trans product respectively. Full optimization
using SCAN method first and followed by QST2
method is done for all the steps of the reaction in the

two approaches considered. Vibrational frequencies
were analyzed to determine the nature of the
stationary points. Our study indicates that the
approach 1 is kinetically and thermodynamically
favored. In the presented results we explain witch
isomer of the product is obtained, witch is impossible
to determine experimentally.

Keywords: reaction mechanism, DFT, pyrazolone.
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Abstract:

Esters of acrylic acid were widely used as monomers
for acrylic polymers, which are further used for
production of dyes, paper, textiles, glues, adhesives,
paints etc. More than half of the world production of
acrylic acid is used to synthesize various acrylic acid:
mainly methyl, ethyl, n-butyl, and 2- ethylhexyl
acrylates [1].

Introduction:
Extensive research, both experimental and
theoretical, has shown that acrylates exist
preferentially in two heavy planar structures (s-cis
and s-trans). The preferred molecular conformation
of these molecules may be of -considerable
significance in explaining and interpreting some of
the proprieties and applications of these compounds

[2].
Experimental:

2-ethylhexyl acrylate (purity greater than 99%) was
purchased from Sigma-Aldrich and it was used
without further purification. The FT-IR spectra of
liquid films placed between the NaCl windows were
registered within 4000-700 cm™ range using
“PERKIN-ELMER MODEL 2000 apparatus.

Computational:

Calculations of harmonic frequencies at fully
optimized geometries of planar s-cis and s-tans
rotamers at ground state have been performed with
Density Functional Theory using B3LYP functional
and extended basis sets 6-31G and 6-311+G™.
Scaled 6-311+G~  anharmonic frequencies and
potential energy distribution have been use as an aid
to the assignment of the experimental spectrum over
the region of 4000-700cm.
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A structural comparison is made between the 2-
ethylhexyl acrylate and methyl acrylate[3], it shows a
good agreement on heavy atoms.

The computed spectrum is in excellent agreement with
the experiment and confirms the co-existence of the two
planar rotamers (s-cis and s-trans) of nearly equal energy.
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Abstract:

Several organic substances have been used
extensively as a corrosion inhibitor for the past four
decades. Among the latter, the heterocyclic
compounds containing one or more nitrogen, oxygen
and sulfur can affect the inhibition of corrosion of
metals and alloys in acid solutions [1-2].
The inhibitory efficacy of a compound depends not
only on its structure but also the characteristics of the
environment in which it operates, the nature of metal
and other experimental conditions. Under certain
conditions, the electronic structure of organic
inhibitors has a major influence on the effectiveness
of corrosion inhibition vis-a-vis the material to be
protected. Recently, the quantitative relationship of
structure and activity (QRSA) has been a subject of
intense interest to many disciplines of chemistry. The
development of semi-empirical calculations give
quantum chemical approaches to interest scientists
involved in the selection of inhibitors by correlating
the experimental data with quantum chemical
properties.

The aim of this work is to establish a correlation
between inhibition efficiency and molecular
structures of the two tautomers of 2-mercapto 1-
methyl imidazole.

H

N \N
HS%} - S%}
L, b
MMI (1) MMI (2)

Figure 1: Molecular structures of 2-mercapto-1-

methylimidazole

Quantum-chemical indices, namely energy Epowmo,
ELumo energy, the difference AE=Eyomo - ELumo and
dipole moment were calculated. The reactivity of
different sites of the molecules was evaluated using
indices of Fukui.

The results obtained show that the difference in
energy band favors the thione tautomer relatively to
thiol, it indicates that the thione form of MMI
molecule can be easily transferred electrons to empty
d-orbitals of the metal. So a large values of Enomo
and dipole moment p facilitates the adsorption and
consequently the inhibition by influencing the
transport process in the adsorbed layer [3]. These
results were confirmed by the indices of Fukui.
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Abstract- Honey is the natural food produced
by the Apis mellifera bee from nectar flowers, and
which has long been used by humans for its
nutritional and therapeutic properties. The
objective of our work is to study the
physicochemical properties, pollen spectra, and
antimicrobial activity of some varieties of honeys
harvested in different parts of western and central
regions of Algeria. Th results of physicochemical
characteristics (p H, electrical conductivity,
moisture, optical rotation), show that the values
are consistent with international standards (Codex
Alimentarius, EU). The pollen spectra analyses
using light microscopy revealed that all samples
of honeys are multifloral type, and the number and
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vegetal species of pollen grains vary from honey
sample to another and this according to their floral
origin. The study of antimicrobial activity was
carried out on 4 different microorganisms (E. coli,
Candida albicans, Pseudomonas aeruginosa,
Bacillus cereus) at different concentrations of
honey (10%, 25%, 35%, 50%, 75% and 100%).
The results show that the E. coli species is the
most sensitive, while Candida albicans strain was
resistant to the antifungal activity’s of all honeys
samples tested whatever their botnical origin or
concentrations

Keywords: Honey, physicochemical analysis,
pollen spectra, antimicrobial activity.
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Introduction: The arid climates have always
selectioned a xerophytics plant species which
presents a morphological and physiological
variations permit to adopt a strategy survey against
water deperdition.

The aim of this study was to precise anatomical and
morphological features of the species Pistacia
atlantica Desf. ssp. atlantica with the help of current
microscopic techniques, those features being of
interest as valuable taxonomic characters. Typical
hairy structures were observed on all surfaces of the
aerial organs and their location, density and size
were specified. Both adaxial and abaxial leaf
surfaces are covered with trichomes. The leaf surface
contains two types of trichomes, covering hairs and
glandular hairs. The glandular trichomes are sparsely
distributed over the entire leaf surfaces. Unicellular
glandular trichomes were recorded in this study.
Moreover, we demonstrated the occurrence of
stellate trichomes in the leaf blades, these structures
were revealed for the first time for this species.
Keywords: Anatomy, morphology, scanning and
optic microscopies, stellate trichomes, Pistacia
atlantica Desf. ssp. atlantica.

Metcalf, C.R. Chalk, L. (1950) Anatomy of the
dicotyledons: Vol.1. Oxford University Press.
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Wiley-Liss. 1-10.

Figure 2: Stomatal type in the species Pistacia
atlantica studied
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Abstract:

Both Car Parrinello Molecular  Dynamics
calculations and a quantum theoretical model are
used in order to study the IR spectrum of the acetic
acid dimer and its deuterated in the gas phase. The
theoretical model is taking into account the strong
anharmonic coupling, Davydov coupling, multiple
Fermi resonances between the first harmonics of
some bending modes and the first excited state of the
symmetric combination of the two vo_ modes and
the quantum direct and indirect relaxation. The IR
spectra obtained from cpmd is compared with our
theoretical lineshape. Note that in a previous work
we have shown that our approach reproduces
satisfactorily the main futures of the IR experimental
lineshapes of the acetic acid dimer [1]
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Figure 22: Cyclic H-bond dimer: q;, q, are the
coordinates of the high frequency modes and Q,, Q,
corresponding to the low frequency modes
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Abstract:
Adaptation to both high and low temperatures
requires proteins with special properties. While
organisms living at or close to the boiling point of
water need to have proteins with increased stability,
other properties are required at temperatures close to
the freezing point of water.

In permanently cold habitats, low temperatures
have constrained psychrophilic or cold-adapted
organisms to develop enzymatic tools allowing
metabolic rates compatible to life and comparable to
those of temperate organisms at their respective
optimum temperatures (1,2).

Enzymes isolated from cold-adapted organisms
are generally characterized by higher -catalytic
efficiency (K../K,,) at low temperature in order to
cope with the reduction of metabolic fluxes and
chemical reaction rates (3).

A general theory for cold-adaptation has not yet
been formulated since different enzymatic families
can follow different evolutionary strategies (4,5).
Therefore, recently, the research community has
focused on comparative structural investigations of
homologous  proteins adapted to  different
temperature conditions (6). It turns out, however, that
a high intrinsic structural flexibility of cold-adapted
enzymes is generally accepted as the main adaptive
strategy at low temperatures.

In our study we investigate the role of structural
flexibility in cold adaptation of Endonuclease I from
psychrophilic Vibrio Salmonicida and mesophilic
Vibrio Cholerae. Molecular dynamics simulations
have been used to generate structural ensembles at
288 and 310K of the psychrophilic and mesophilic
Endonuclease I. we carried out simulations for 10 ns,

in the isobaric-isothermic NPT ensemble, applying
periodic boundary conditions.

Based on the simulated structures, we find that
very few salt-bridges are stable throughout the
simulations, and provide little
stabilization/destabilization of the proteins. In
addition, the hydrophobic core of the two enzymes is
almost identical, but the Vibrio Salmonicida
Endonuclease has a slightly lower number of internal
hydrogen bonds. this is likely to influence both the
catalytic activity and the stability of the protein.
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The UV-visible absorption bands for complexes of
some electron donors such as Phenylhydrazine,
diethyl amine, ethyl diamine, benzyl amine,
azobenzene and benzamide with Ferric Chloride
and iodine as electron acceptors were obtained and
studied in methanol solutions at 300.5 °K in
methanol at 25°C. The values of some parameters
such as: association constant K*P, molar extinction
coefficient €, and absorption band energy of the
complex, h ver were calculated.
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The ionization potentials of the electron donors, I”
were calculated from iodine complex band energies.
The free energy changes of the association reactions
were also calculated. Finally, the kinetics of the
above reactions were studied, from which the order
of reactions; their half-life periods t;, as well as
their rate constants were obtained.
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Abstract:

Cycloaddition reactions represent one of the most
powerful methods for the synthesis of cyclic and
heterocyclic structures with pharmacological interest
and for the preparation of natural products [1].
Cycloaddition reactions of ketene species (>C=C=0)
with diazadienes [2] can yield to either four-
membered or six-membered cycles (scheme 1). Our
aim in this work is to analyze the substitutent effects
on the reaction pathway of these cycloadditions by
means of various theoretical approaches, namely,
calculations of thermochemical quantities (AH, AG)
for the study of the thermodynamic control,
exploration and analysis of the potential energy
surface for the prediction of the kinetic control and
reaction mechanism.

The favored cyclization mode is predicted by the
calculation of activations energies and by the use of
DFT-based reactivity indices [3]. The calculations
were performed at the DFT/B3LYP/6-31G* and
ONIOM levels of theory using Gaussian 03W
package.

The atomic electronic populations were calculated
using Mulliken (MPA), natural (NPA) and
electrostatic (MK algorithm) population analyses.
The obtained results are in a good agreement with
experimental outcomes.

Keywords: [2+2]/[4+2] cycloadditions; Ketenes;
Reaction mechanism; Potential energy surface;
Regioselectivity; Conceptual DFT.
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K-Carrageenan is a sulphated linear galactan’
polysaccharides of D-galactose and 3,6-anhydro-D-
galactose extracted from red seaweeds. It has been
abundantly used in the food industry as thickening,
gelling” and more recently in the pharmaceutical
industry.’

Carrageenan structures are based on linear chains of
alternating 3-linked B-D-galactopyranosyl units, and
4-linked a-D-galactopyranosyl (or 3,6-anhydro-o -D-
galactopyranosyl) units, usually sulfated in different
positions.*”

The properties of these and other polysaccharides
depend on their conformations and molecular
flexibility, which is concentrated mostly on the
glycosidic linkages.*

In this work, we studied the structure and the energy
of one of the two repeating disaccharides constituting
kappa-carrabiose(4-O-sulphated-o-D-(1->3)-3,6-
anhydro-3-D-galactopyranose) shown in figure.1.
DFT calculations using the B3LYP functional and
the 6-31G(d) basis set were carried out on the
molecules of kappa-carrabiose, and performed with
the Gaussian 03 program. The results have been
explored using the Gaussview software. The maps
have been plotted using the Surfer software.

Relaxed isopotential maps, often called
Ramachandran plots, show where regions of low
energy occur in the ® and ¥ glycosidic bonds
tortional space.’

These energetic contour maps were performed in the
gas phase and then by simulating the presence of
water as solvent using the Onsager model. We have
considered the value of thedielectric constant 78.39
corresponding to polar solvent water.’ Only one
starting conformation has been considered to carry out
all the calculations.

The conformational maps have been built as suggested
by French and Dowd® by interpolating a set of data
comprising 144 energy values, which were generated
by varying each dihedral angle in increments of 30
deg. Once the set of the two specific values of ® and
Y angles fixed, they were kept frozen while
optimizing all of the other geometrical parameters.
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@
Fig.1: Kappa-carrabiose

Table 1: @ and y (in degrees) and relative energies
(Kcal/mole) in phase gas and in water.

Conformer Phase gas water
AE D, v AE D,y
A 0.00 85,113 0.00 61,-168
B 0.35 115,83 571 1,72

In each case we have obtained two minima
corresponding to the lower energy conformers. In
water the molecule is more stable and the energy is
lower. Intra-molecular hydrogen bonding is formed
and seems to contribute in the stability of the
molecule.
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Introduction:

In recent years an intense worldwide effort has
been focused on the design and development of
organic conjugated materials with large optical non-
linearities due to their potential applications in
various optical devices [1-5]. Materials with high
non-linear optical (NLO) activities are useful as
electro-optic switching elements for
telecommunication and  optical  information
processing.

We present here a comparative study of a
quantum-chemical analysis and X-ray diffraction
study of a new nonlinear optical material structure
that belongs to the family of thiazole. The molecular
optimized and experimental geometries are obtained
via B3LYP/6-31G (d, p) level and X-ray diffraction
respectively.  The  agreement between the
experimental and theoretical results such as: bond
distance and angle was satisfactory.

Figure below shows the molecule obtained from
X-ray diffraction study:

H1BC H1BA

Figure 1: Structure of the molecule
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Abstract:

Over the last past decades, many experimental
and theoretical investigations have been achieved
about creation of new materials serving for nonlinear
optics. These devices are intended to be employed in
several photonic and optical applications.

Materials are mainly classified upon their first
hyperpolarizability B, according to the following
equation:

W=+ a;E; + BijEiEx + vijaBiEE + ...

Where p” is the dipole moment of the
unperturbed molecule, o;; is the linear polarizability,
Bik and vy, are the first and second
hyperpolarizabilities, respectively.

Our work has been devoted to the study of a
family of push-pull molecules, where OH group
represents the donor extremity, and a series of
acceptor groups has been tested in the other
extremity, as well, a phenyl ring enhanced by an
alkyl chain (C=C), have been employed to ensure the
electronic delocalization between the two sides .

Generation of monomers has been established
from combination of these chromophores with
acryloyle chloride. Grafting of these compounds has
been done with methyl methacrylate, to form
copolymeric films.

Optimization, calculation of dipole moment and
dynamic first hyperpolarizability have been
performed using Gaussian03 program package,
through a DF study, where B3LYP functional and 6-
31G(d) basis set have been selected to carry out this
theoretical investigation.

Enhancement of alkyl chain improves gradually B
values for all the acceptor groups studied.
Results of first hyperpolarizability magnitudes found
for the monomers and the grafted copolymeric
oligomers confirm that these systems still have good
nonlinear optical properties.
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chain length.
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Hydroxy Schiff bases have been extensively
studied due to their biological, photochromic and
thermochromic properties [Garnovskii, A. D., and
al 1993]. They can be used as potential materials
for optical memory and switch devices [Zhao, L.,
and al 2007]. Proton transfer in these compounds
forms the basis for an explanation of the
mechanisms of various biological processes where
proton transfer is the rate-determining step [Lussier,
L. S., and al 1987].

In general, O-hydroxy Schiff bases exhibit two
possible tautomeric forms, the phenol-imine (or
benzenoid) and keto—amine (or quinoid) forms.
Depending on the tautomers, two types of intra-
molecular hydrogen bonds are possible : O-H- - ‘N
in benzenoid and N-H- - -O in quinoid tautomers.
Another form of the Schiff base compounds is also
their Zwitterionic form [Ogawa, K., and al 2003].
Zwitterions of Schiff bases have an ionic intra-
molecular hydrogen bond (N'—H: - -O) and their
N'—H bond lengths are longer than the standard
interatomic separations observed in neutral N-H
bonds (0.87 A).

The title Schiff base, C;sH;sNO,, display a
Zwitterionic form, the resulting iminium and
hydroxy groups are linked by an intramolecular N—
H...O hydrogen bond, and shows an E
configuration.. C—H...O interactions, link the
molecules into a tree-dimensional network. The
compond has the following structural properties :
Monoclinic, P2,/c, a=11.739 (2)A, b=12.107(2)A,
c=12.521(2)A, B=107.590 (14)°, and Z = 4.

Theoretical calculations using DFT method
reproduce the observed geometrical parameters and
confirm the zwitterionic form.

Density functional theory (DFT) calculations were
carried out using the Amsterdam Density
Functional (ADF). DFT calculations are carried out
without any symmetry constraints. A large HOMO-

LUMO gap of 2.54 eV calculated for () is in
agreement with the molecule stability.

The calculated N-H bond of the zwitterion form
equal to 1.113 A deviates slightly from the
experimental one by 0.093 A, which is longer than
the standard interatomic separations observed in
neutral N—H bonds (0.87 A).

An electrochemical study, by cyclic
voltammetry for the the compond, has been
achieved in aprotic medium, DMF-TBAHFB 0.1M,
on a platin electrode of 2 mm of diameter.

A cyclic sweep in the -1.8 to +1.8 V range show an
cathodic peak at -1570V and two anodic peaks at
1170 V and -665 V.

The molecular structure, showing the
atom-labelling  schema
References :

ADF 2007.01, Scientific Computing and Modelling
NV, Theoretical Chemistry (Vrije Universiteit:
Amsterdam , The Netherlands,
http://www.scm.com.
Garnovskii, A. D., Nivorozhkin, A. L., & Minkin,
V. 1. (1993). Coord. Chem. Rev, 126, 1-69.
Lussier, L. S., Sandorfy, C., Le-Thanh, H. &
Vocelle, D. (1987). J. Phys. Chem.
2282-2287,91.
Ogawa, K., Harada, J. (2003). J. Mol. Struct. 211—
216, 647.
Zhao, L., Hou, Q., Sui, D., Wang, Y., & Jiang, S.
(2007). Spectrochim. Acta A,
1120-1125, 67.

P73



North African Conference on Computational Physics and Chemistry 2010

NAC-CPC'10

Cys3 His-Zn2+ Interactions with SPC Water Molecules:
Computational Study using GROMOS96 Force Field

N. Drici', A. Krallafa'

' Faculté des Sciences, Laboratoire de Chimie Physique Macromoléculaire LCPM, Université d’Oran, B.P. 1524
El M’Naouer Es-Senia, Oran 31000 Algérie
dricinedjoua@univ-mosta.dz, dricinajwa@hotmail.fr

Abstract: A large number of protein domains
folds stably by binding a metal ion. In zinc activated
proteins the folding phenomenon depends solely on
the binding of Zn*" ion and can be studied
independently of the bulk protein. Metalloproteines
[3] and their metal binding sites are promising targets
for specific drug design. The theoretical and
computational description of this binding site is a
challenging task. A 5ns molecular dynamics
simulation is used to explore in detail the structural
stability and to gain deep insights on the cluster
structure of CCHC—Zn>" domain [4] with explicit
SPC water molecules [2]. Such goal is achieved by
employing the original structural parameter set and
partial charges of GROMOS96 force filed [4]
derived for the case of tree cysteinates Cys(-). Only
Van Der Waals and Coulomb terms involving the
zinc ion were included. The age of the simulation as
well as the temperature effect on the dynamical
behavior of this system is discussed through several
aspects. In terms of radial distribution function
(RDF), the divalent zinc ion [1] exerts a strong
influence on its hydration shell, leading to a
remarkable rearrangement from the initial CCHC
coordination to a less stable square planar complex
conformation that include SPC water molecules. The
lack of explicit polarizability and charge transfer in
the GROMOSO96 force field leads to poor accuracy.
However the results obtained here suggests that other
electrostatic  treatment methods available in
GROMACS package should be tried.

P74

¥ (3

o \ <

[ L
j’.}‘ '. 5 = ::GO- 8- ‘; -2
e (5] -] ﬁ'f"“? -

d° 8 i B 0%

W =

9 c{g y ",
Figure 24: CCHC—Zn configuration change from
tetrahedral to square planar complex conformation.
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Abstract: ab initio conformational maps for
lactulose in both the gas phase and in aqueous
solution using the Onsager model have been
constructed at the HF/6-31G(d,p) level of
calculation. Using quantum mechanical (QM)
methods, the energies were plotted against the ® and
Y dihedral angles, These plots were compared to
those obtained previously in the way of the usual 3D
contour maps, which relate the energy with the two
glycosidic angles (® and V).

The effects of aqueous salvation upon the lactulose
are investigated through comparison of the vacuum
and aqueous solution free-energy surfaces.

0
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¥
Figurel. Relaxed conformational map calculated
for lactulose at HF/6-31G(d,p)
(144 points) using in the successive steps.
Energies are in cal/mol

The results of the gas-phase ab initio calculations
allows us to conclude that a rigid conformational
map is able to predict the regions of the minima in
the potential energysurface of lactulose, in full
agreement with those found in the relaxed
conformational map. The solvation effects do not
give rise to locals minima in the potential energy
surface of lactulose.

Keywords: Lactulose; energetic relaxed maps; ab
initio  conformational map; HF; Lactulose
conformers.
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Figure2. Rigid conformational map calculated
for lactulose at BALYP/6-31G(d,p) level (144
points). The energy values are in kcal/mol
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Introduction:

Our work is to study the reaction of synthesis of
diazepines by action of aliphatic amines on the
pyrone ring, which presents very important
pharmacological and biological properties [1].
Calculations were carried out in gas phase by semi
empirical method PM3 [2] and DFT [3] method
with B3LYP functional and 6-31G** basis using
the chain of program G98 and G03. Above all, the
research of the stability of the compounds studied
and the results show that compound 2 is more
stable with a value of -229.82898 a.u. in DFT and
78.2 kcal/mol by PM3 method. Then, we studied
the reactivity of aliphatic diamines on DHA, using
for this purpose, different indices of responsiveness
in order to study, explain and identify the
intermediate states and transition states. The nature
of the reaction studied was identified by calculating
the energy gap between the frontier orbitals. The
study found that the electron transfer takes place
from compound 2 (or compound 3) to the
compound 1 with a value of chemical potential -
127.8 kcal / mol in DFT. With
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the indices of hardness and softness , we show that
aliphatic diamines are large relative hardness of the
pyrone ring is a compound with a soft character and
is the most electrophilicity index as found equal to
352.0 kcal / mol . The studied reaction is then hard
and soft character. We were interested in the study
of the stability of the tautomeric forms that are
reactional intermediate met in this reaction. The
results are in favour of way 1 of reaction path 1. We
gave the energy profile to make the synthesis of
diazepines [4].

The obtained results are in good agreement with
the experimental values.
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Abstract:
Nonlinear optical materials are largely investigated
by experiments and theorists as well because of their
technological applications. At the microscopic level
these nonlinear optical (NLO) properties are
governed by the tensors hyperpolarizabilities.

Among the different material types which are
candidate for the application in the field of nonlinear
optics, the polyconjugated organic materials have
attracted a particular interest. Due to the
donor/acceptor ends capped conjugated system, the
charges may move along the backbone and thus very
easy to be polarized. It has been shown in many
papers, that these materials always exhibit large
nonlinear optical properties .

The push-pull considered molecules are represented
in Chart 1. They are constituted of two rings:
Nmethyl-(  p-oxophenyl)-pyridine (PPP) and its
derivatives. These derivatives are obtained by
substituting a hydrogen atom in the positions Rj,
Ry, Ry7, and R g by methyl radicals, Figure 1.

Chart 1
Fio Rz Rig
= Riz @
: SN =

Fig

Ry Rig Rt

fragment] | fagmentd |

Molecule  R10 R11 RI7 R18

I H H H H

11 Me H H H

i H H e H

i e Me H H

W Me H Me H

VI e H H e

VII H H Me Me

VI Me Me e H

X Ile H Me Me

X Me Me Me Me
HI t-Bu tBu tBu tBu

Figure25: Structure of push-pull molecules used in
this letter

Dipole moment, vibrational and electronic isotropic
polarizabilities and first hyperpolarizabilities have
been determined for all the molecules under
consideration at the HF/6-31G level.

The vibrational contributions to the

(hyper)polarizabilities have been computed using the
formulation of Bishop and Kirtman. The study have
been mainly focused in the effect of the inter ring
twist angle upon these quantities and upon the inter
ring bond character and the BLA. It has been found
that tuning the twist angle affects substantially both
electronic and geometrical structures. The results
show that ground state dipole moment, electronic
(hyper)polarizabilities increases with the dihedral
inter ring angle however the vibrational quantities
Aa" and B’ show a maximum value at ~78°.The
calculations have been performed by using
GAUSSIANO3 package.
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Introduction:

Two quintet electronic states of N, are known,
namely the A'SZ; and the C'°I1,. They were widely
investigated theoretically and experimentally because
of the A”Y," involvement in the N, afterglow B’II, —
A%z, and because of the eventual perturbation of the
N, °I1, states by the C'"1,;. In addition, the C'"TI,; —
A'SZg+ system was predicted by Partridge et al. [1] to
be responsible for the Hermann Infrared bands
(HIR), which remained unassigned for more than
thirty years. Later, Huber and Vervloet confirmed
this theoretical prediction through the analysis of
their high resolution emission spectra relative to this
system [2,3].

In the literature, both theoretical and experimental
studies suggested the existence of couplings between
the close lying quintet and triplet electronic states via
spin-orbit interactions. There are, however, no ab
initio treatments of these non-diagonal couplings and
nothing is said about the eventual existence of other
bound quintet electronic states and of their influence
on the dynamics of the valence-Rydberg states of N,
(located well below the ionization threshold).
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In this theoretical contribution [4], we present the
potential energy curves of the quintets and other
spin-multiplicity electronic states of N,, which are
lying in the 0 - 110 x 10° cm™ energy range with
respect to N, (XIZQ). Using these highly correlated
wavefunctions, we deduce their spin-orbit coupling
evolutions. These curves and data are used later to
derive accurate spectroscopic terms and the lifetimes
of these quintets and to discuss their metastability.
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Abstract : Density functional theory has been
used to probe the electronic structure, coordination
number, optical properties and the vibration spectra
of monolanthanide trifluoromethane sulfonate
Ln(OTf)3 and perchlorate lanthanide Ln(ClO,);
complexes where Ln = La, Ce, Nd, Eu, Gd, Er, Yb
and Lu. The study reveals that the OTf and CIO,
groups are bonded to Ln as a bidentate ligand.
TDDFT calculations show that, for La(OTf);, MLTC
and HOMO-LUMO transitions in the UV-vis are
strongly bathochromically shifted compared to those
of Lu(OTf);.

Introduction: The trivalent lanthanide ions have
a wide range of coordination numbers (CN = 3-12).
The size of the ligand and the steric hindrance
determine mainly the geometry, the coordination
number and the ligand packing around the metal ions
in a way to minimize ligand-ligand repulsion. Lower
coordination numbers can be achieved with very
bulky ligands such as N(SiMes),, whereas the highest
coordination numbers are usually achieved with
chelating ligands, which have small angles such as
NOj". Furthermore, the ligand can bond the metal in
many ways; in particular, the triflate ligand [CF;SO5
= OTf] may adopt different coordination modes in
complexes (K, M, M3 or u 0, the non-coordinating
free anion);' for example, [M(OTD);(terpy),]
complexes where M is a lanthanide or a actinide are
monodentate,” whereas the [(U(OTf),(OPPhs)s)]
complexes contain one monodentate and one
bidentate [OTf-].*The same feature exists for the
perchlorate [ClO4-] group, which could act as a
monodentate and bidentate ligand.*

Lanthanide triflates Ln(OTf); are important in a wide
variety of applications such as organic synthesis.’
They are mild and selective catalysts, which have
been used widely in carbon—carbon and carbon—
heteroatom bond-forming reactions, including
Mukaiyama,6 Friedel-Crafts,” esterification, aromatic
nitration,® and Diels—Alder’ reactions. These
catalysts are regarded as environmentally safe
because of their low toxicity, ease of handling,

stability in water, no corrosiveness and their ability
to be reused.

In this paper we carry out a quantum
calculation based on the density functional theory
(DFT) of the lanthanide triflate and perchlorate (see
Fig. 1 and Fig. 2 respectively). Our aim is to study
the changes of the geometry with the variation of
coordination number between six (TP geometry) and
nine (TTP geometry), furthermore we report the
computational study on Ln(OTf); where Ln = La, Ce,
Nd, Eu, Gd, Er, Yb and Lu."
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Figure 26: Structure of the Ln(OTf); complex
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Figure 2: Structure of the Ln(ClO4); complex
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Introduction: The obvious main energy source
for renewable energy is coming from the sun. Dye-
Sensitized Solar Cells (DSSC) is considered as being
the most promising solution for harnessing the
energy of the sun and converting it into electrical
energy. Among phosphorescent metal complexes,
iridium (III) complexes appear to be the most
intensively explored owing to their easy syntheses
and excellent color tunability (Chang, C.-J and al.
Evans, RC and al.) They are attracting wide spread
interest because of their unique photophysical
properties and applications in organic light-emitting
diodes (OLEDs) (Lowry, M.S. and al.). Geometries,
electronic structures, and spectroscopic properties of
a novel series of neutral iridium (III) complexes with
cyclometalated ligands were investigated using
density functional theory (DFT).

The UV-Visible absorption and phosphorescence
spectra in CH,Cl, environment are simulated with
the TD-DFT level with IEFPCM models. The
calculated results are in good agreement with the

experimental ones.
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Figure 1 : O1-O2 = acetylacetone (acac)
N1-C1 =N1’-C1’ = 2-Methyl-3-PhenylPyrazine
(MPPZ) (D)
= 2-(2,4-DiFluoroPhenyl)-3
-MethylPyrazine (DFMPPZ) (1)
= 2- PhenylPyrimidine (PPM) (III)
= 2-(2,4-DifluoroPhenyl)-Pyrimidine
(DFPPM) (IV).

Content: In this work, we report a theoretical
study of the structures and the photophysicals
properties of new iridium (III) diazine complexes.
The first is the iridium (III) pyrazine complex and
the other is the iridium (III) pyrimidine with H and F
different substituents, respectively. These complexes
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are prepared and studied experimentally by Ge, G.
and al. and showed in figure 1.

The goal is to study the structure, the absorption
and emission spectra of the (OL),Ir (acac)
complexes. Density Functional Theory (DFT) and
Time Dependent DFT (TD-DFT) have used to
investigating and predicting electronic properties in
both the ground and excited states. The Polarized
Continuum Model (PCM) is used to simulate bulk
solvent effect. The combination of the DFT methods
with the PCM model, for inclusion of environmental
effect, leads to a reasonable agreement with the
experimental data.

Computational Details: All calculations were
carried out using the Gaussian03 package. To
calculate state geometries and excitation energies the
DFT and TDDFT were employed.

The geometries of the investigated complexes were
optimized using a Perdew-Burke-Enzerhof hybrid
Functional model (abbreviated PBE1PBE).

Both of the electronic properties and structural
optimizations calculation, for all atoms were
described by the valence double-§ basis set 6-31G (d,
p), excepted the Iridium ones that is described by the
pseudo-potential LANL2DZ basis set. In this work,
only the 40 lowest singlet-singlet excitations at the Sy
optimized geometries will be discussed. At the
optimized geometries we performed TD-DFT
calculations at the same level of theory with the same
basis set in gas phase and in Dichloromethane
(CH,Cl,) solvent by means of the [IEFPCM model.
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Abstract:

1,3-Dipolar cycloaddition (1,3-DC) are important
processes in synthetic chemistry and are widely used
for  obtaining five-membered  heterocyclic
compounds’. Reactions between nitrones and alkenes
leading to isoxazolidines are among the best known
processes of this kind,”as substituted isoxazolidines
have been found to exhibit antimicrobial activity',
numerous applications as enzymes inhibitors,’
intermediates in the synthesis of a variety of
compounds after cleavage of the N-O bond.* A
significant amount of theoretical and experimental
work has been devoted to the study of the
selectivities of 1,3-dipolar cycloaddition.

Piotrowska® found, experimentally that the 1,3-
DCs of C-diethoxyphosphoryl-N-methyl nitrone with
allyl alcohol and methyl acrylate were regiospecific
and stereoselective  (scheme) affording the
corresponding 1,5-trans-cycloadduct as the major
regio- and diastereoisomer (Table).

We have study theoretically the mechanism, the
regio- and stereoselectivity of these reactions using
DFT method at the B3LYP/6-31G(d,p) level of
theory. The FMO analysis and DFT based reactivity
indices confirmed the experimental ortho
rgioisomeric pathway. Potential energy surface
analysis shows that these 1,3-dipolar cycloaddition
reactions favored the formation of the ortho-trans
cycloadduct in both cases. Bond order and charge
analysis show that the studied reactions are
undergoing  through  concerted  synchronous
mechanism.

€]
Me ©.0 R .. Me -0 Me-0
j\l . ﬂ Toluene N...R + )\)<R
(Et0),0P 60°C (Et0),0P (E10),0P
R=CH,0H, CO,;Me major minor

Figure: 1,3-Dipolar cycloaddition of
C-diethoxyphosphoryl-N-methyl nitrone with
alkenes

Table: Experimental regio- and stereoselectivity
Ratios

Reaction R ortho:meta trans:cis
1 CH20H 100:0 62:38
2 CO2Me 100:0 90:10
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Abstract: The main objective of the study of gas
hydrates or clathrates is to determine the conditions
of pressure and melting temperature of these systems
in one of the already known crystal structures

(structures sl, sIT and structure and structure H) [ 1].

Structure sl Structure sII Structure H
However, the complexity of a mathematical model
and physical chemical does not allow easy
calculations for gas hydrates. In addition, the large
number of thermodynamic intensive variables,
independent, and therefore, different theoretical
models used to describe these systems, make
computer programming inevitable. Many models rely
on numerical methods due to the complex equations
of state included.

Computer programming is an essential means to
organize codes Modeling and Simulation dedicated
to physical phenomena such as gas hydrates.
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These codes of Bakker [2] are designed using
programming languages like C++ that allow you to
insert all sorts of data or formulas (equations,
chemical formulas, values ...) and create a database
used in the calculations.

The various results are established and recorded in a
file at the end of each calculation. The main
objective of our work is to study the structural and
thermodynamic properties in different conditions of
temperature and pressure of gas hydrates such as
methane, carbon dioxide, ethane and nitrogen.

Keywords: Gas Hydrates, Structure sI, Structure
sII, Structure H, Bakker codes, structural and
thermodynamic properties.
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Introduction: The phosphirines aroused the
interest of many researchers, because of their
applications in several fields: in chemistry of
coordination To study the hyper valence of
phosphorous'?, in chemistry containing organo-
phosphorous for their synthesis and their reactivity’
and too the homogenous catalysis while being used
as ligands stabilizing of the gold nanoparticules4,5.

The 2,4,6- triphenyl-A3-phosphinin belongs
to the family of A3-phosphabenzenene, homologous
with pyridines which are heterocyclic and planar
aromatic systems. The —CH fragment of the arylic
part of benzene is substituted by a phosphorous
atom (see figurl).

Our work consists to the theoretical study of
the fundamental state of the phosphirine and its
ion: the cation and the mono, di and tri anions in
order to highlight the chemical properties of each
structure.

For this study we used the density functional
theory DFT, because of the convincing results
which it gives. The calculations were carried out
using Gaussian (GW 03) to the level of hybrid
functionel B3lyp with 6-31(D,P) and 6-31+G (D,P).

Figurl: 2, 4,6-triphényl-A’-phosphinine

Key words:
Phosphorous.
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Summary

Honey is the only food on earth produced by insects
and consumed by humans. Given the therapeutic and
nutritional quality, we process to physic-chemical,
microbiological and sensory analyses of eight
samples, five of them are local honeys and three
others are imported honey.

The results obtained showed that all the honey
samples meet the required standards of Codex
Alimentarius (2001) and they are natural. In addition,
a diversity of values of viscosity, water content and
conductivity is observed.

The microbiological analyses have shown a total
absence of pathogen germs with the exception of the
sample from Mali origin.

Key words:

Honey, physic-chemical, microbiological, sensory
tests, pathogen germs.
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Introduction: In this work, we were interested in
a theoretical study of the electronic and molecular
structures for the k-carrabiose in both, vacuum and
solvent cases and of its complexes (interactions) with
alkali metal cations : Li *, Na ", and K ™ For this
goal, the calculations of quantum chemistry were
carried out with the Gaussian03 program.
Then geometry optimizations at the level of theory
B3LYP/6-31G(d) were performed with all the
conformers of lower energies.
Among the methods of quantum chemistry for the
evaluation of the macrocyclic ligands, the density
functional theory (DFT), with hybrid B3LYP has
certain advantages. It can be an appreciable tool by
providing a precise conformational analysis,*® and
has much less problems of convergence’ than those
usually met for pure methods DFT.
Moreover, the 6-31G(d) basic set reproduced the
experimental data often better than other several
basic sets '’
full optimizations of geometry of A and B
conformers, and all the complexes were carried out
on the level B3lyp/6-31G (d).

1.
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Figure 01: Optimized structure of the conformer
corresponding to A minimum of (k-carrabiose)
calculated at B3LYP/6-31G(d) in vacuum,
(¢,y) fixed [Li']ion

The first general result that one can draw from the
various tables is that the complexes k-carrabiose--Li"
form the shortest bonds compared to the complexes
with Na" and K" cations. This is due probably to the

small size of the ions Li" which can approach more
the k-carrabiose molecule.

Bond Length (A)
Conformer (p,v) fixed AE Alkali Ion -
O
[0)1 02
A (171,151) | 2,16 1.89 1.90
B (51, -178) - - -
C (-69, 91) 0,00 1.89 1.89
D (81,91) 1,82 1.90 1.89
E (-69, 151) 0,95 1.88 1.89

Table 01: Various local minima calculated at
B3LYP/6-31G(d) correspondent to k-carrabiose-ion
in the vacuum, AE in (kcal/mol).q

Concerning energies of the different conformers, we

note, such as one would have thought it a priori, that

the value of energy becomes increasingly low with

the increase in the size of the studied complex,
ot . +

energy of Li" until K.
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Introduction:

Since the synthesis in 1968 of the first complex
sandwich uranocéne (T]s-C8Hg)2U by Streitwezer and
Miiller-Westerhoff [1], many more compounds
derived reagents have been characterized. These
mono-sandwich structures (n"-C,H,) M (X) x (L) 4-x
(n =7, 8 and 9) [2] which are better organometallic
precursors for the synthesis of elements f such as
inverse sandwich shaped uranium L,U (n"-C,H,)
UL,(n=7,8)[3].

The chemistry of f elements currently raises an
increasing interest both experimental [4] and
theoretical [5]. Among these compounds, those
actinide 5f show interesting molecular properties
including a large structural flexibility and
responsiveness of single metal - ligand.

On a structural level, these particular molecules
are characterized by a coordination sphere of the
central ion more open and therefore more reactive.
Other COTANn"'Cp mixed sandwich complexes of
trivalent actinides were also synthesized in recent
years [6], and were more reactive than their
counterparts sandwich (m"-C.H,) 2An".
We offer a few examples fairly representative of this
class of compounds; theoretically study their
structural and electronic properties. Technically, we
implement the Theory of Density Functional
Relativistic [7] which has proved particularly
advantageous and well suited for calculating large
molecular systems. We will use the code ADF2009
(Amsterdam Density Functional) [7b], and the
relativistic ZORA basis (TZP) [7] coupled with
functional exchange and correlation BP86 whose
performance in the study of organometallic systems
of heavy elements is well established.

Figures:
=
U+ NRON ——————— [ * U—CN ][NR_,]
< )
oy (2) :R=Et
(2" : R="Bu
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Figure 27: cyanido cg)mplex bis (cyclooctatetraenyle
((n™-CsHy),U CN

Table: Optimization of molecular geometries and
linear bent

COT,

U"CcoT, U- C1-U- C1-U-
U-Cl  U-COT, CI-N -U-
CN COT: CoT, COT; CoT,
Coudée 2,56 2,06 2,06 1,18 104,15 104,23 151,60
Linéaire 438 1,96 1,96 1,18 92,34 92,44 175,16
X-Ray 2,62 2,03 2,03 1,16 102,50 104,20 153,30
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Introduction: «-Carrageenan is a linear
polyoside abundantly used as a texturing agent for
various applications in food, chemical, and
pharmaceutical industries, this is due to its physical
property to form thermoreversible gels® that are
related to its conformation. The structure of one of
the two repeating disaccharides constituting «-
carrageenan; the 4-O-sulfated-b-D-galactopyranosyl
(1,4) 3,6-anhydro-p-D-galactopyranose (see Fig. 1) is
studied in this work.

During these two last decades, many works
dealing with conformational studies of carbohydrates
have appeared; most of them used classical methods
to explore the structure of the conformers, such as
molecular mechanics.' . More recently, a number of
articles, using ab initio or density functional theory
(DFT) studies, have begun to appear.”

The B3LYP density function was used with the 6-
31G(d) basis set to perform relaxed energetic contour
maps of the charged form of k-carrabiose in the gas
phase and for the neutral form first in the gas phase
and then by simulating the presence of water as
solvent using the Onsager model. Only one starting
conformation has been considered to perform all the
calculations. Rigid energetic maps have been then
constructed either by addition of diffuse or
polarization functions to the basis set obtaining in
that way 6-311G(d)//6-31G(d), 6-311G(d,p)//6-
31G(d), and 6-31111G(d,p)//6-31G(d) energetic
maps that have been carefully examined. The
obtained structures corresponding to the lower
energy conformers have been then fully optimized
using different basis sets with the B3LYP method, a
reversion in term of energy has been observed for the
two first minima in the case of the charged
disaccharide in the gas phase, this was attributed to
the large grid of 30° that could lead to the exclusion
of an intermediate value corresponding to the real
minimum of energy. We thus suggest that after
establishing potential energy maps it is essential to
proceed to full optimizations of the lower energy
conformers. Calculations using the more accurate
correlated method MP2 with the 6-31G(d) basis set

have also been performed for conformers of the two
disaccharides in the gas phase.

Figure 1: Structure of k-carrabiose disaccharide,
dihedral angles @ and W around the glycosidic
linkage, and exocyclic angles of the hydroxymethyl
group and hydroxyls groups.
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Abstract:

We perform, at the DFT/B3LYP level, a
theoretical studies of different conformations of new
sandwich complex (GeC4Hs),Fe and compared them
to the ferrocene ones (figure 1) [1]. The results show
that the reaction of formation of the ligands GeC Hs
anion would be as favourable as CsHs Thel-
ferrogermene (GeC4Hs), Fe has four stables
structures (figure 2), Contrary to the ferrocene (1°-
H;Cs),Fe ones, so that we can obtain some possible
reactivities for the 1-ferrogermene. The IR spectra
shows a little resemblance with the ferrocene and the
(GeC4Hs), Feyppin structure. In the ferrocene IR
spectrum appear two vibrations, induced by iron-m
CPD cycle interactions, noted (p. —p
which not appear in the 1-ferrogemene. Whereas, in
the 1-ferrogermene spectra, appear some vibrations,
induced by sigma interaction from the Fe and the Ge
atoms and the hydrogen ones, respectively.

Figure 1: Eclipsed structure of ferrocene
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© (d)

Figure 2: Structures of (a) (GeC4Hs),Fe . rhex
(b) (GeC4Hs); Fey. ppin, (¢) (GeC4Hs), Fey and
(d) (GeC4H5)2 Fe1_3,, obtained at the B3LYP/6-
31G* level.

Keywords: ferrocene, 1-Ferrogermene, DFT.
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Prediction of New Solid Catalysts by the Technique of
Datamining

Z. Djelloul', HHAOURAG *

’LEPM, URMER, Department of Physics, University Abou Bakr Belkaid,
Tlemcen 13000, ALGERIA

Abstract:

The reasonable choice of solid catalysts for the
synthesis of various inorganic and organic
compounds at low cost is a challenge for decade’s
futures. Although empirical approaches are widely
used in the manufacture of catalysts, modeling
methods such as calculating the first principle should
be explored and developed.(1-5)

We present a new approach based on data
mining, for designing new materials for industrial
use as heterogeneous catalysts more efficient and this
by using the structural properties, thermodynamics
and elastic new transition metal alloys and other
metals of the periodic table bit exploited. The
principal component analysis (PCA) (6-9) and partial
least square regression (PLS) (10) , computer
techniques has been applied to predict new materials.

Trends of the hardness and ductility of these
materials are identified using physical and empirical
criteria, and validated with  experimental
observations. The B / G the shear modulus (G) and
compressibility (B) are used to evaluate the
behaviors: fragility and ductility of alloys of
transition metals.

Applying these trends to the selection of
materials to design more efficient catalysts shows
that this approach can be used not only to interpret
existing experimental observations, but it could also
be used to predict new materials with desired
properties .

Keywords: Physical properties;
catalysts, transition metal; Datamining

heterogeneous
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Le programme ADF (Amsterdam Density
Functional) est un programme de Fortran pour des
calculs sur des atomes et des molécules (dans la phase
gazeuse ou en solution), pour tous les éléments du
tableau périodique. 11 a été¢ développé a I’Université de
Vrije & Amsterdam par Baerends et collaborateurs [1].
Il peut étre employé dans la spectroscopie moléculaire,
la chimie organique et inorganique, la cristallographie
et la chimie pharmaceutique. Une BANDE séparée de
programme est disponible pour I'¢tude des systémes
périodiques: cristaux, surfaces, et polymeéres.

Le programme de COSMO-RS est employé pour
calculer les propriétés thermodynamiques des fluides.
Il se base sur I'approche de Kohn-Sham a la théorie de
la fonctionnelle de la densité(DFT).

Pour les systémes moléculaires contenant des éléments
lourds, des effets relativistes (ZORA et Spin-Orbite)
sont implémentées, en utilisant des orbitales de Slater
parfaitement adaptées pour le traitement de ces
composés.

Ce logiciel existe en plusieurs versions.

Dans le cas de notre travail, nous nous intéressons a
I’étude de réaction d’interconversion des clusters
organométalliques contenant des éléments du groupe
principal, & 8 PES de formule M4E,(CO);,. Nous
prenons M=Fe, et E= N.
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Le cluster Fe;N,(CO)y;, présente quatre isoméres de
squelette possibles ; la géométrie A(C,y,) correspond au
composé octaédrique closo, les géométries B(C,,) et
C(Cyy) correspondent aux composés nido avec soit la
rupture d’une liaison E-E, soit la rupture de la liaison
M-M et la structure octaédrique distordue D(C,).

Afin d’étudier la stabilité relative de ces clusters,
une optimisation de géométrie a été faite pour chaque
isomere suivi de calculs de fréquences des modes
normaux de vibration, en DFT/BP. Les deux composés
B(C,,) et D(C,) sont les plus stables par rapport aux

autres isomeres. De ce fait, nous avons envisagé
leur interconversion hypothétique.

Le chemin choisi est celui qui nécessite le
déplacement minimum des atomes. Un axe de symétrie
C, est conservé durant la transformation D(C,) —
B(C,,) qui implique une rotation et une ouverture de
vecteur N...N. Une courbe d’énergie sera déterminée.
La caractérisation d’un intermédiaire de réaction
nécessite un temps de calcul trés important.

Les résultats obtenus sont comparés aux données
trouvées dans la littérature.

Mots clé: ADF,
interconvertion.

clusters, DFT, stabilité,
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Abstract: Throughout this work we have reproduced
the vibrational spectrum of Rhamnose monohydrate
using the calculation of normal modes of vibration of
this monosaccharide in the crystalline state. A basis
adjustment of frequencies from the potential function
Urey-Bradley-Shimanouchi the principal enunciated
by T. Shimanouchi is confirmed.
Keywords: Rhamnose; Crystalline state; Urey-
Bradley - Shimanouchi.
Introduction: The method used to determine the
frequencies and normal modes of vibration is
adapted from the Wilson and al. GF method (E.
Wilson, J. Decius, 1958) and it uses the local
symmetry coordinates developed by Shimanouchi (T.
Shimanouchi, 1963)
The frequency calculation of the internal
intermolecular vibration has been accomplished
using the CVOA (Crystalline Vibrations Optically
Active) program. This program has been written by
Takeuchi (Takeuchi H, 1975).
Crystallographical data, infrared and Raman spectra
used in the normal mode analyse of the [-D-
Rhamnose in the crystalline state.
B -D-Rhamnose monohydrate crystallises in a
monoclinic system, the spatial group is then P2,
with number of cells is 25 and 2 molecules per cell.
The unit cell parameters are: a = 7.906, b =7.921 and
¢ = 6.673 Angstroms.

H23

H 0 H21

Figure 1: B-D-Rhamnose monohydrate and atomic
numbering used in calculations.
The initial set of parameters is derived from the
alpha-L-Fucopyranose forces field previously
established (Taleb Mokhtari I.N and al, 2003).
Results and discussion: The differences in the
values of force constants are mainly due to the
methyl group and the Hydrogen bonds. The
vibrational spectrum of Rhamnose monohydrate is
reproduced. A good agreement between calculated
and observed frequencies is achieved after fitting the
initial force field.

We shall now discuss the assignments for different
spectral regions:

The 3600-2500 cm™ range: These frequencies are
related to the contribution of the OH bonds of water
molecules, the liability of the hydroxyl groups in
solution and CH streching modes.

The 2800-1600 cm'range: Just one band is
observed and calculated in this range is due to
vibration of the molecule of water.

The 1700-1200 cm™'range: Topically, the infrared,
as well as the Raman, spectra of sugar molecules
exhibit many bands in this range. These bands are
due to the coupling of vibrations involving the
hydrogen atoms (HCH, CCH, HCO and COH).other
interesting band are observed in this range,
corresponding to the endocyclic hydroxyl-methyl
group.

The 1200-950 cm™ range: The interpretation of
results in this region is difficult because of strong
coupling between a lot of modes of ring bonds:
attractive and repulsive bending (COH, OCH, CCH,
and HCH) also stretching bands (C-O and C-C).

The 950-750 cm'range: Although few bands are
observed in this range, their coupling is an important
point to consider.

The 750-200 cm™'range: In this part of the spectrum,
the vibrational modes are generally tortional C-C, C-
O modes and CCO, CCC, OCO, COC bending
modes.

The range below 200 cm™:These bands are due to
the intramolecular vibrations as well as the lattice
vibrations.

Conclusion: The vibrational spectroscopic data of
the p-D-Rhamnose molecule have been well
reproduced from the modified Urey-Bradley-
Shimanouchi force field. So, the principle of
transferability is conserved since the initial force
field of Fucose was modified only for the groups for
which the geometry or the configuration is different.
This new parameters are needed for future
calculations on di and oligo-saccharides including
the Rhamnose as a unit.
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The characterization of the structural and dynamical
properties of biomolecules plays a central role in the
study of biological functions. NMR is a method of
choice not only because it enables the determination
of the 3D structure of biomacromolecules such as
proteins or nucleic acids, but also because it provides
unique tools to study the dynamical aspects of
molecular functions. The human transcriptional
regulator DEAF-1 is involved in embryonic
development and implicated in clinical depression
and suicidal behavior (Gross and McGinnis 1996;
Lemonde, Turecki et al. 2003). It contains a MYND
domain, a cysteine-rich region that is organized in a
C4-C2HC motif enabling the binding of two Zn ions.
Its transcription regulation activity is mediated
through interactions with co-repressors such as
NCoR and SMRT

We report the solution structure, dynamics and
ligand binding of the MYND domain of the human
transcriptional regulator DEAF-1. The structure
reveals a cross-brace topology for the C4C3H zinc
binding motif, common to other MYND domains as
expected from the high sequence similarity observed
among this protein family’. "N NMR relaxation data
and analytical ultracentrifugation data reveal an
oligomerization tendency at high micromolar
concentrations.

The binding to 10-residue peptides derived from
SMRT and NCoR co-repressors has been
characterized by NMR titrations. The binding site
mapped by the chemical shift perturbations agrees
well with the one reported for the ETO MYND
domain for related peptides. A dissociation constant
in the mM range was estimated from the NMR
titration. We show that DEAF-1 MYND domain also
behaves as a protein-protein interaction domain that
can recruit co-repressors, and thus confirmed its
transcriptional function.
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Figure 28: Ribbon representation of the DEAF-1
MYND domain. Side-chains of the residues
coordinating the zinc atoms are shown as sticks. Zinc
coordination geometry is highlighted in red dots and
reveals a perfect tetrahedron
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The effect of solvation on tautomeric equlibrium
of five member ring heterocyclic system has been
subject to many studies[1-4]. Through studies in the
tautomerization in different environment it has been
found that the environment is important for relative
stability of various tautomers. Results of several
study on compounds containing amidine group-NH-
C(R)=N- have been reported[5-12]. As natural of
those we have recently started a theoretical study of
the isoelectronic systems containing the -PH-
C(R)=N- group by replacing a single nitrogen atom
by phosphous atom[13,14]. The present work is a
continuation of this work by investigating system
containing -PH-C(R)=P-, group.

Different  isomers and  tautomers  of
methylphosphino-and  phenylphosphino-substituted
cyclic  azaphospholine,  oxaphospholine  and
thiaphospholine have been investigated theoretically
in gas and aqueous phases. Special emphasis is put
on the relative energies and on the changes in the
order of stability due to substitution or solvation. The
calculations were carried through wusing the
B3LYP/6-31+G(d,p) method. The calculations in the
aqueous media were done by considering two
different models, i.e. the PCM-SCRF and the
Microsolvated/SCRF model. The solvent affects
strongly the relative stability and the order of
stability of different tautomers and isomers.

H
R
N
P p~~ R
A |
X \p )\PH
Phosphino Phosphinidene

Figure 29: Structures isomers and tautomers of
methylphosphino-and  phenylphosphino-substituted
cyclic  azaphospholine,  oxaphospholine  and
thiaphospholine

References:

[1] Karelson, M. M. , Katritzky, A. R. , Szafran, M.
(1990) Zerner, M. C. , J. Chem. Soc. Perkin Trans.
2.1990, 195, 1990.

[2] Woodcock, S., Green, D. V. S. ; Vincent, M. A.
, Hillier, I. H. , Guest, M. F. , Sherwood, P. (1992)

J. Chem. Soc. Perkin Trans. 2. 1992, 2151, 1992.
[3] Luque, F. J., Lopez-Bes, J. M., Cemeli, J. ,
Aroztegui, M. , Orozco, M. (1997) Theor. Chem.
Acc. 96, 105, 1997.

[4] Nagy, P. I., Tejada, F. R. , Messer, Jr. , W. S.
(2005) J. Phys. Chem. B 109, 22588, 2005 .

[5] de Vries, A. H. , van Duijnen, P. Th.(1992)
Biophys. Chem. 43, 139, 1992.

[6] Raczynska, E. D., Taft, R. W.(1998) Polish J.
Chem. 72 , 1054, 1998.

[7] Caminiti, R. , Pieretti, A. , Bencivenni, L. ,
Ramondo, F. , Sanna, N.(1996) J. Phys. Chem. 100,
10928, 1996.

[8] Remko, M. ,Walsh, O. A. , Richards, W.
G.(2001) Chem. Phys. Lett. 336, 156, 2001 .

[9] Remko, M. , Walsh, O. A., Richards, W. G.
(2001) Phys. Chem. Chem. Phys. 3, 901, 2001.

[10] Marchand-Geneste, N. , Carpy, A. (1999) J.
Mol. Struct. Theochem 465, 209, 1999.

[11] Remko, M., Walsh, O. A., Richards, W.
G.(2001)J. Phys. Chem. A 105, 6926, 2001.

[12] Remko, M. , van Duijnen, P. Th. , Swart, M.
(2003) Struct. Chem. 14,271, 2003.

[13] Abdalla, S., Springborg, M. (2010) J. Phys.
Chem. A 114 ,5823,2010.

[14] Abdalla, S., Springborg, M., J. Mol. Struct.
(THEOCHEM) (2010)
doi:10.1016/j.theochem.2010.09.024.

P93



Author Index



Author Index

Abadi. A.H. OoP22 Benhelal. O. P5, P10, P14, P20, P56,
P57
Abdalla. S. P93 Benhalima. N. P71
Abdelghani. A. OP2 Benkabou. K. P7,P15
Abdelkrim. S. P59 Benkhedir. M.L. P45
Acar. N. OP14 Bekhti-Bensalem. | P91
N
Adamo. C. P80 Benmalti. M.A. P66
Aidaoui. K. P32 Benmansour. N.-H. | P21
Al-Ajlouni. A. OP21 Benosman. A. P22
Aliouat. H. P60 Benramdane. N. P50
Al-Jallal. N.A. OP5 Benrezkallah. D. P67
Al-Kahtani. A. OP5 Bensaid. O. P36
Allain. M. P73 Benseddik. N. P30, P37
Al-Soud. Y .A. OP6 Bentayeb. K. P51, P68
Al-Taiar. A.H. P68 Benyettou. M. P51
Amar. A. P76, P61 Benzair. A. P43
Amrani. OK. P64 Berrahoui. F. P69
Aoumeur-B. F.Z. P6 Berrekhchi. B.B.N | P70
Aouni. M. OP2 Bopp. Ph.A. PL1
Aourag. H. P34, P44, P46, P53 | Bouabdallah. A. P18, P29, P40
Arhrib. A OP25 Bouamoud. M. OP 23
Azza. F. P3 Bouarissa. N. P35
Ba. F. P83 Boubegra. N. P71
Baccar. H. OP2 Boucekkine. A. P86, OP3
Badawy. W.A. OP7 Bouchaour. T. P62
Baldrich. E. OP2 Bougeard. D. PL2
Bassou. G. P 15, P17, P55, Bougherara. K. P13
P65, P1, P2, P4
Becharef. R. P17 Bouhafs. B P8, P10, P11, P14, P19,
Belabbes. A. P31 Boukhalfa. M. P50
Belaidi. O. P62 Bourezig. Y. P52
Belaskri. G. P64 Bousmaha. L. P64
Belkhalfa. H. P13 Boutasta. A. P22
Belkhiri .L. P86 Bouterfas. M. P75, OP6
Bellatreche. R. P18, P40 Bouyacoub. A. P59
Ben Ghozlen .H.M. OP30 Bradai. D. P42
Ben Rejeb. S. OP10, P11 Brahimi. M. P80, P88
Benaffane. B. P56, P57 Bruyer. E. OP9
Benali. O. P 63 Cakar. Z.P. OP14
Benamara. Z. P30, P37, P52 Chahed. A. P5, P10, P14, P20, P56,
P57
Benathmane. H. P83 Chanajaree. R. PL1
Benbrahim. N. P36 Chatti. S. OP4
Bendaas. A. P73 Cheba. B.A. OP26
Bendahmane. M. P64, P83 Chekroun.M. Z. P1, P2, P4, P55
Bendimered. F.Z. P64 Cherif. W. OP1
Bendounan. A. OP18 Chermette. H. P79
Benharrats. F. P19, P24 Chouaih. A. P71

11




Author Index

Benhassaini. H. P64, P65 De Jaeger. R. OP12
Debbichi. M. OP10, OP11 Dekhira. A. P41

Del Campo. J. OP2 Kahlal. S. P90
Dergal.S. P23 Kahveci. M.U. OP14
Derrar. S.N. P72 Kaoua. R. P76
Desfeux. R. OP9 Kara. M. W. P35
Djedouani. A. P73 Karger. J. PLI
Djellal. A. P19, P24 Kellou. A. P26, P42
Djelloul. Z. P89 Keryvin. V. P58
Djermouni .M. P19, P24, P25 Khatir. R. P10, P14, P20
Djerourou. A. P80 Khorief.N. A. P80
Drici .N. P74 Kiselev. M. OP24
Dridi. Z. P8, P11, P54 Kolli. B. P76
Drir. M. P26 Kopruluoglu. C. OP14
Driss Khodja. K. P28 Koudache. F. P64
El-Azhary. A.A. OP5 Kricheldorf. HR. | OP4
Elhalouani. F. OP1 Laksari. S. P10, P20, P57
El-khateeb. M. OP15 Larabi. L. P63
Ellouze. M. OP1 Lasri. B. 0P23
Ephritikhine. M. P86, OP3 Lazreg. A. P8, P11
Faraoun. H.L. P34, P43, P47, P53 | Lecheheb. S. P29
Ferhat. M. P31 Lehlooh. A.F. OP1
Frigerio. J.M. P50 Litimein. F. P13
Fritzsche. S. PL1 Machut. C. OP16
Gafour. M.H. P75 Mansour. O. P3, P32
Gallouze. M. P26 Mascetti. J. OP19
Guechtouli. N. P90 Mathieu. C. P32
Guemra. K. P72 Mazari. H. P30, P37
Guennoun. Z. OP19 Mazouz. HM.A P31
Haddadi. Z. P61, P76 Mazzah. A. OP12
Hadj Ben Ali. M. P77 Mebsout. R. P10, P14
Hallouch. A. P19, P24, P27 Medina. S. P33
Hamdi. M. P61 Meghezzi. H. P61, P76, P90
Hammoutene. D. P78 Mejri. M.B. OP2
Hamzaoui. F. P71 Mekelleche. S M. | P63, P69
Hannachi. D. P79 Menuel. S. OP16
Hannachi. Y. OP19 Merad. A.E. P23
Hanssen. J. OP23 Merad. G. P43
Harb. M. OP15 Meskaldji. S. OP3
Helali. S. OP2 Messabih. S.M. P81
Hochlaf. M. P78 Messaoudi. B. P69
Idrissi. A. OP24 Méziane. S. P34

Iles. N. P28 Mezrag. F. P35

Inal. M.K. P21 Miloua. F. P13
Kacimi. S. P25.27 Misbah. C. OP13
Kadari. A. P80 Missaoui. D. P36
Kadoun. A. P3, P32 Mohammed-B. T. | P52
Kadri. A. P19, P24 Kateb. F. P92

12




Author Index

Mokadem. A. P56, P57 Tchouar. N. Tchouar. N.

Monflier. E. OP16 Terzioglu. E. OP14

Mostefaoui. M. P30, P37 Teyar. B. P86, OP3

Moussi. S. P82 Tires. M. P65

Muschke. U. P62 Vyalov. L. OP24

Naoui. M. P38 Youcef. M. M. P1, P2, P4, P55

Ndome. H. P78 Yousfi. N. P70, P84, P87

Ouadah. K. P39, P48 Zaater. S. P88

Ouali. M. P18, P40 Zaiter. A. OP3

Ouamerali. O. P41, P77, P82 Zaoui. A. P19, P24, P25, P27

Ouddai. N. P79 Zebentout. B. P52

Oughilas. A. P64, P83 Zenasni. H. P53

Ould-Kaddour. F. P49 Zendaoui. M.S. P73

Rabahi. L. P42 Zine El Kelma. R. | P54

Rached. D. P13 Zitouni. K. P19, P24

Rachedi. Y. P61 Zizi. M. P29

Rahmoun. K. P58 Zouchoune. B. P73

Rahmouni. A. P36, P38, P88 Zougagh. N. P30, P37

Reguieg. C. P84, P87 Zouikri. M. P60

Saal. A. P77 Terzioglu. E. OP14

Said. M. OP10, OP11 Teyar. B. P86, OP3

Sail. K. P65 Tires. M. P65

Saillard. J.Y. P90 Vyalov. 1. OP24

Salomon. L. P55 Youcef. M. M. P1, P2, P4, P55

Sayede. A. P70, P84, P87 Yousfi. N. P70, P84, P87

Sediki. H. P43 Zaater. S. P88

Sekkal. A. P43 Zaiter. A. OP3

Sekkal-Rahal. M. P70, P72, P75, Zaoui. A. P19, P24, P25, P27
P84, P87

Selcuki. C. OP14 Zebentout. B. P52

Semar. K. P61 Zenasni. H. P53

Serdouk. F. P45

Settouti. N. P46

Si Abdelkader. H. P47

Smail. K. P39

Smain. F. P49

Souar. Z. P17

Souifi. A. OP27

Spohr. E. PL4

Springborg. M. P87, PL5

Sutmann. G. OP20

Taalbi. A. P1, P2, P4, P55

Tabet-Derraz. H. P50

Taleb. I.N. P75, P84, P87

Tangour. B. OP28

Tayebi Larbi. N. P15

13




Acknowledgement

The organizing committee thanks all of the sponsors of this
Conference and particularly the main one:
The Alexander Von Humboldt-Stiftung,
Bonn, Germany
www.avh.de

Alexander von Humboldt
Stiftung/Foundation

nnnnnnnnnnnnnnnnnnnnn

L2 |l

Stiftund
Maghreb A5505iatlon )




