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MAIN SCIENTIFIC INTERESTS

1) Theoretical  Solid State Physics

2) Computational Physics

3) Surface Physics
My current scientifical activities are partly connected with ab initio studies of ferroelectric material  surfaces. For example, we performed ab initio calculations of SrTiO3 (100) surface relaxation and rumpling with two different terminations (SrO and TiO2). 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 CaF2 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  CaF2 (111), (110), and (100) surfaces. Our calculated surface energies confirm that the CaF2 (111) surface is the most stable one, in agreement with the experiment. The characterization of F centers in CaF2 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 CaF2.

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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