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OVERVIEW:

During 1999 the main activity of the Department has been gradually moved to ab initio calcu-
lations. For that we have used the approach of density functional theory with either local density
approximation (LDA) or generalized gradient approximation (GGA). This approach allows to find the
structure and dynamics of any system which can be represented by asupercell with periodic boundary
conditions. Our interests were limited to study of structure and dynamics of crystals. We have used
two different packages of software: CASTEP and VASP and the pseudopotentials delivered with these
programs. This method is parameter-free, which means that one needs to know only the physical
constants, like Planck constant, element masses and electron charge, in order to get a quantitative
result. We have concentrated our efforts around four subjects: calculation of phonon dispersion curves
for polar crystals with LO/TO splitting, calculations of lattice dynamics of chalcopyrites, calculations
of energy barriers in molecular crystals, and calculations of elastic properties and phase transitions in
geologically important materials.

We have calculated the phonon dispersion curves in ionic cubic MgO crystal. The phonon modes
at F point are split to LO and TO modes. We have proposed a method to calculate this splitting
by an elongated supercell. The results agree very well with the coherent inelastic neutron scattering
data. Similar effects have been considered in hexagonal GaN, rhombohedral LiNbOz, and tetragonal
5nC>2- In the two last crystals soft modes, responsible for the phase transitions, were found.

Intensive calculations were carried out for tetragonal chalcopyrites structure. Each unit cell con-
tains 16 atoms. By using enlarged supercell of 2x2x1 size with 64 atoms we could obtain valid
phonon dispersion curves for CulnSe2, AgGaSei, AgGaTe2, which agree with neutron data and
Raman scattering results.
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Studies of the molecular motion in KSCN crystal were continued. The rotational barrier for
SCN ion has been calculated from first-principles. The barrier height crucially depends on the way
of relaxation used in the calculations. A special method of ionic relaxation was proposed for that.
This methods requires to relax also the internal degrees of freedom of the molecule, since the strong
binding contributes a lot to the energy barrier.

We have started to work on geological important materials like GeO2, olivine Mg^SiOi, MgSiO^
and CaSiOs. The aim is to establish the phase diagrams under high pressure, and to provide the
elastic constants for these materials. The elastic properties are crucial for interpreting the seismic
data. The phase transition are suspected to be responsible for the observed anomalies of propagation
of seismic wave at 410 and 650 km in the Earths mantle.

Finally, it is worth to mention that we have developed and handled a theoretical tool to derive
quantitatively structural and dynamical properties of simple and medium complex crystallographic
materials. This method does not need any fitting parameters. In many cases our calculated phonon
dispersion curves have been obtained for the first time by the ab initio method (GaN, LiNbO^
CuInSe2, SnO2, GeO-2 and MgSiOz). The results of calculations can be compared with diffrac-
tion measurements, coherent and incoherent inelastic neutron scattering, Raman scattering, infrared
absorption, nuclear inelastic absorption measured at the synchrotron, heat capacity, and many oth-
ers experimental methods. We hope that the mentioned method will be able to predict material's
properties prior to the experiment.
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The GaN crystal is currently being actively investigated in view of its potential application for
short-wavelength electro-luminescence devices and high-temperature, high-power, and high-frequency
electronics. The GaN is a basic material for realization of light-emitting diodes and lasers in blue
and UV region. The knowledge of lattice dynamics and phonon characteristics helps to understand
the mechanism of the photon emission process used in design of an efficient photonic material. The
2H-GaN crystallizes in the hexagonal wurtzite structure with the space group P63111C (CQV). Several
attempts have been made to calculate the phonon dispersion curves for 2H-GaN. Phenomenological
models report results determined by fitting model parameters to experimental data. Up to now the
ab initio phonon calculations are available only for zone-center P wave vector. To our best knowledge
ab initio calculations of the phonon dispersion relations for 2H-GaN have not yet been performed.
Moreover, this information is also not provided by inelastic neutron scattering measurements because
of the absence of sufficiently large GaN single crystals.

We performed the ab initio calculations of 2H-GaN [1] using the pseudopotential method within the
local-density approximation, as implemented in the VASP package [2], and with ultrasoft pseudopo-
tentials provided with VASP. The pseudopotentials for Ga and N atoms are representing dws2p1f° and


