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WUTTHIGRAI SAILUAM : FIRST PRINCIPLES STUDY OF SELECTED
METAL OXIDES: POLYMORPHS OF LiAlO; AND LiGaO; AND
CATALYTIC PROPERTIES OF Fe AND Ni- DOPED BaTi0;. THESIS

ADVISOR : PROF. SUKIT LIMPIJUMNONG, Ph.D. 184 PP.

PHASE TRANSFORMATION/ENTHALPY/CATALIZE ACTIVITY/AB INITIO

In this thesis, properties of three oxides have been investigated using ab initio
calculations. The homogeneous structural phase transition between the natural and
high-pressure forms of LiAlO; and LiGaO, have been determined, and the catalytic
activity of modified BaTiO; was analyzed.The phase transition between y - Li1AlO;
and § - LiAlQ, was calculated on two levels of theory, using the Perdew - Burke-
Ernzerhof (PBE) generalized-gradient approximation (GGA) functional and the Heyd
- Scuseria - Ernzerhof (HSE) hybrid functional. Our calculations predict equilibrium
phase pressures in reasonable agreement with experiment. Band structures and partial
density of states of both y - LiAlO; and ¢ - LiAlO, at ambient pressure are reported.
Phase transformations of the natural £ - LiGaO> (Pna2;) structure under different
pressure conditions were also studied. We found that various LiGaO; structures can
be stabilized under specific stress conditions, some of which had not been previously
reported (oP16, [41/amd, and P4,2,2). It 1s found that the rocksalt - like structures of
LiGa0O; can be stabilized under sufficiently high hydrostatic pressure, whereas
uniaxial stress stabilizes either the tetragonal or the orthorhombic structure depending
on the applied direction. The mechanisms of the phase transitions have been

characterized by calculating the enthalpy surfaces in the crystal parameter space and
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the barriers between each local minimum. Stresses and directions that lead to new
phases ot LiGaO, are presented and discussed. In the final part of this thesis, the
catalytic activity of BaTiO; for the oxygen evolution reaction (OER) has been
investigated. Fe and Ni doping is found to improve the electrical conductivity and
reduce the overpotential required for water oxidation over BaTiO;. Based on
computed Pourbaix diagrams and pH/potential - dependent surface phase diagrams, it
1s further shown that BaTiOj; is very stable under reactive conditions but insensitive
with respect to poisoning by reaction intermediates and hydrogen adsorption. This
proof of concept demonstrates that even minor compositional modifications of

existing materials may greatly improve their catalytic activity.
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