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MAIN SCIENTIFIC INTERESTS

During my MS study, my scientific interests have been connected with large-scale computer
simulations of the kinetics of the primary radiation defect recombination in ionic solids (KBr, KCl and
mixed AgBr,Cl; crystals). On graduating from the University in 1991, I continued this direction of
research during my PhD studies and I have defended my PhD thesis “Theoretical modeling of radiation-
induced Frenkel defects correlated annealing kinetics in AgBr; ,Cl,, KBr, KCI crystals” in 1994, under
supervision of Prof. Dr. E.A. Kotomin. During this research, I developed a theory of diffusion-controlled
recombination of two kinds of primary Frenkel defects in alkali halide crystals - pairs of neutral defects
(called F,H centers) and oppositely-charged (0, I) defects. In a kinetic model we took into account defect
diffusion and the elastic/Coulomb interactions between F,I and o, partners, respectively. We
demonstrated that the tunneling recombination play an essential role at low temperatures. All calculations
have been done using a code written by me.



After PhD studies, I switched my scientifical interests to the large-scale quantum chemical
simulations of static and dynamic properties of defects in ionic solids/semiconductors based on the semi-
empirical quantum chemical method of the Intermediate Neglect of Differential Overlap (INDO). Such
theoretical approach allowed us to study big quantum clusters (about 200-300 atoms) in technologically
important ceramic materials (MgO and Al,Os), complex defects (like dimer F, -centers), to optimize the
defect geometry, as well as to model theoretically the defect diffusion barriers, which is important for a
better understanding of many reactions in solids, including the process of colloid formation in oxides.

During the last years, I have focused my scientifical interests on ferroelectric perovskites. We
applied the INDO method to ferroelectric materials, which allowed us to treat considerably larger
supercells, (up to 270 atoms in the case of Li doped KTaO;) which, taking into account the enormous
computational efforts, is prohibited for a first-principles approach. We have demonstrated that the accuracy
of the INDO method is sufficient for adequately describing the small energy differences related to the
ferroelectric instability in KNbO;. The choice of INDO parameters has been done for the first time for a
system containing Nb and Ta. Based on the parametrization proposed, the electronic structure, equilibrium
ground state structure of the orthorhombic and rhombohedral phases, and -TO phonon frequencies in
cubic and rhombohedral phases of KNbO; were calculated and found to be in good agreement with the
experimental data and first principle calculations available. The INDO method also gave very good results
for non-ferroelectric KTaOs. Total-energy results for KTaO; as pure crystal (concentrating on frozen
phonon calculations) and that with Li impurities have been found in good agreement with the available
experimental data and first principle calculations. We have also used the INDO + LMTO method for a
study of defects (hole polarons + F centers) in perovskite-based ferroelectric KNbO; crystals. We
demonstrated that the F' center in KNbO; reminds much more electron defects in a partly-covalent SiO,
crystal, rather than usual F centers in ionic crystals like MgO and alkali halides.

My current scientifical activities are partly connected with ab initio studies of ferroelectric
material surfaces. For example, we performed ab initio calculations of SrTiO; (100) surface relaxation and
rumpling with two different terminations (SrO and TiO,). These are based on ab initio Hartree-Fock
method with electron correlation corrections and density functional theory calculations with different
exchange-correlation functionals, including hybrid exchange techniques. All methods agree well on surface
energies and on atomic displacements, as well as on considerable increase of covalency effects nearby the
surface.

Recently we demonstrated, that the best agreement with experiment for the CaF, optical band gap
(12.1 eV) can be obtained using a hybrid Hartree-Fock and density-functional theory exchange functionals,
using Beckes three-parameter method, combined with the nonlocal correlation functionals by Perdew and
Wang (10.96 eV). We also presented calculations of CaF, (111), (110), and (100) surfaces. Our calculated
surface energies confirm that the CaF, (111) surface is the most stable one, in agreement with the
experiment. The characterization of F centers in CaF, is still a question of debate. In order to understand
the behaviour of the material with respect to its optical properties, we performed ab initio calculations to
determine the electronic structure, atomic geometry, and formation energy of F center in CaF,.

Currently the lithium-ion batteries are the state of the art power sources for consumers electronics
operating mainly in the 4 V regime. One frequently discussed direction to improve the performance of such
batteries is the development of 5 V cathode materials. Based on the results of our ab initio calculations we
first in the world predicted the existence of 5 V battery.
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