Abstract

Materials with versatile physical properties are the requirement of medern physical socisty,
mainly of those who present a strong coupling between spin, lattice, and charge. This by
far infact competency promizes a new paradiem-shift towards environmentally frendly
renewahle emerzy respurces. Therefore. the mvesnmtion of several functions info ons
material iz hiphly essemtial This thesis focnse: on the undersmnding of the physical
properties of thermoslecine and optoslectronic matenals to sugeest new. highly efficient
material: for thermoelactnc and photoveltaic device applications.

Besearch in the direction of thermoelecimic materials has already highlizhied perovskite
onides with potential applications. However, the semsiowity of oxides with crystal
chemistry and lattice distortions can modify and enginesr new matenals.

In this thesis, we presenf the first prnciple study of perovskite oxide properties within the
framework of density functional theery by using the Full-Potential Linsarized Augmented
Plane-wave method (FPFLAPW). Perovskite oxides ABO, (A Pr.La .. Cs Ba 51 B: 3-
d elemenfs) is imvestigated for the stachmal eleconic, mapnetc, opdcal, and
thermoelacic character. To deal with swongly correlated elecmon systems, the most
recently developed Modified Beck-Tohnson potenmal is used im our present waork. Firstly,
we used epmized stroctoral parameters to investgate physical properties. Secondly, the
mvestipation of elecironic response is made by compuing band steohre and density of
states, Opfical charactenistc is alse computed for each perovskite and discussed for thedr
rale m the precise direction. This thesis emphasizes on the apalysis of thermoelecmic
characteristics in the temperarure range 10:0-500 E.

Following the idea, we focos our caloulatons on the balk properties of potnfial materzals.
The am of working on the tolk perovskite oxides is to open a pathway for the downscaling
of oxides for the inteeration of thermo=leciric nanoparticles.

We calculate the electromic stucture, which comfirms the balf-memllic pamure of
Pr\V/Cr0,. mined half-metallic, and metallic nature i LaMn/Fel; and semiconducting
mture is revealed in Cs doped MivTa oxides. The origm and nature of ferroma poetism with
Co'WVMnFe doped owides have been shown m terms of exchange energies involved and
exchange constants. Soong p-d hybridization peoemtes mappetic moments at the sie of
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FEYERD atoms, in result reduced magnatic moments at B-sites. Bond length measarements
reveal Jabm-Teller distortion lifted d-site degeneracy in mansition metal oxides by splitmg
it into doublets e; and miplets’ 15, states. The influence of rare-earth elements (Pr, La) is
also smadied in electronic character.

For thermoeleciric nature, electmcal and thermal conductiviry, See-beck coefficient, power
factor, and thermal efficiency are caloulated and discussed in detail Thermodymamic
stability of materials is directly related to phonon disparsion curves, and pesitive frequency
curves confirm the studied owides are smble in prescribed phases. The network of pano-
scale orbital stadies provides a powerfil toal to increass the thermal efficiency of sadied
compounds. Hence, the evahation of materials based on of electronic and thermoeleciric
study reveals suitable materials for thermoeleciric applications.

The potential of stadied perowskite owides for several optical applications is also
mvestizated The verification of Penn’s model law between bandgap E, with the real part
of disleciric constant £ () confirms the accuracy of our caloulated results. CsTh/MbO: are
the potential candidates with the best optical response for photoveltaic devices. Absorption
coefficisnts are also taken inte accounts. Howewer, rare-earth-based owides are ot in the
best condition for dewice applications because of low cammier mobility. Thas, the solatdon
can be adopted by A-site and B-site cation dopmgz. This consideration has proven a way
for funure development in the sudy of perovskite owides as photovoltaic materials.

Funare wark of perovskites as thermoslectric materials shonld be accapted to compute this
wark of thermal efficiency presented in the current thesis wark.
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