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ABSTRACT

The electronic, phase stability, epitaxia strain, and thermoelectric properties of cubic
(P3mm) and tetragonal (P4mm) structures of PTO and SnTO were investigated using
density functional theory (DFT). Cubic and tetragonal structures within the GGA-PBE
and GGA PBE-sol functiona were applied in a pseudo-potential plane wave using the
CASTEP computer code respectively. The results showed that the tetragonal PTO and
SnTO have the lowest cohesive energy of -39.320 eV and -39.523 eV respectively.
Cubic PTO has an indirect band gap of 1.691 eV and SnTO is 1.164 eV while in the
tetragona phase, the band gap value of PTO and SnTO is 1.703 eV and 1.016 eV,
respectively. In the PTO structure, the bond between Pb and O isionic in the tetragonal
state, while there is strong hybridization between Ti-3d and O-2p, which is significant
for ferroelectricity. It is shown that the tetragonal is the most stable structure since it
has the smallest cohesive energy compared to other structures. The out-of-plane c-axis
strain is shown to be largely oriented to PTO under large in-plane a-axis compressive
strain. The effect of epitaxial strain proved the surface compatibility in thin film
applications. It shows that PTO and SnTO are suitable for surface cleaving. The cubic
PbO terminated surface in PTO has a band gap of 1.572 eV gap which is almost
equivalent to the bulk structure which is 1.691 eV compared to the TiO2 terminated
surface which is 1.366 eV. Thetype-l surface of SnTO hasan indirect band gap of 1.159
eV, whereas the type-11 surface has a band gap of 1.196 eV. PTO has emerged as a
promising material for thermoelectric application. In this study, the underlying
mechanism to improve the thermoelectric efficiency of ATiO3 were determined. The
thermoelectric parameters of the designed surface structures have been obtained by
using the Boltzmann transport equation approximation in the WIEN2K computer code.
The properties of the structure, electronic, and thermoelectricity were calculated and
analyzed. The surface (001) modification through the AO termination layer has
increased the electrical conductivity, thus increasing the power factor. On the other
hand, increasing the Seebeck coefficient, lowering the thermal conductivity and
thermopower, improves the figure of merit. It is shown that the thermoelectric
performance of surface (001) cubic SnTO is higher as compared to PTO making it
interesting for lead-free materials in thin-film applications.



ACKNOWLEDGEMENT

In the Name of Allah, the Most Beneficent, the Most Merciful, al praises and thanks
be to Allah, | managed to complete my PhD research successfully. | would like to
express my sincere gratitude to my supervisors for giving me the opportunity to
undertake and complete this interesting research which is entitled First-Principles Study
on Structural, Electronic and Thermoelectric Properties of Bulk and Surface (001)
ATICb (A=Pb, Sn) Using Density Functional Theory. | am very much obliged to my
supervisors Assoc. Prof. Dr. Mohamad Fariz bin Mohamad Taib, Prof. Dr. Ab Malik
Marwan bin Ali and Prof. Dr. -Ing. Oskar Hasdinor bin Hassan for their guidance,

suggestions, critics, and comments throughout completing this research.

| wholeheartedly dedicate this thesis to my family, especialy my parents,
bin and aso my sister
who with love and effort has accompanied me in this process, without
hesitating at any moment of seeing my dreams come true. Their prayers for me were

what sustained me this far.

| am very grateful for the cooperation from dl lonic Materials and Devices (iIMADE)
members for their assistance and advice from al iIMADE members. | would like to
express my gratitude to Dr. Fadhlul Wafi and Dr. Nur Hamizah for their guidance on
this research. | would like to convey specia thanksto for

their endless support, encouragement, and help throughout my PhD journey.

Lastly, thank you to whoever has involved in my PhD research either directly or
indirectly. Without help from dl of you, it would be impossible for me to complete this

research. Thank you.



TABLE OF CONTENTS

CONFIRMATION BY PANEL OF EXAMINERS
AUTHOR'S DECLARATION

ABSTRACT

ACKNOWLEDGEMENT

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

CHAPTER ONE INTRODUCTION

11  Research Background

12  Problem Statements

13 Objectives

14  Significance of Study

15  Scope and Limitation of The Study
16  Thess Organization

CHAPTER TWO LITERATURE REVIEW
21  Introduction
2.2  Perovskite structure
23  Ferroelectric Materias
231 Lead-based element- Specia lone pair ns?
232 Lead-free element
24  Lead (Il) Titanate (PTO)
25  Tin (Il) Titanate (SNTO)
26  Surface Structure
2.6.1 Surface Lead (II) Titanate (PTO)
2.7  Thermoelectric Properties

Vi



2.8

Summary of Chapter

CHAPTER THREE RESEARCH METHODOLOGY

3.1
3.2
3.3
3.4
3.5
3.6

3.7
3.8
3.9

3.10
3.11
3.12
3.13

Introduction

First-Principles Study

Quantum Mechanics and Schrodinger Equation
Born-Oppenheimer Approximation

Hartree-Fock Theory

Density Functional Theory (DFT)

3.6.1 Hohenberg-Kohn (HK) Theorems

3.6.2 Kohn-Sham (KS) Theorems

3.6.3 Loca Density Approximation (LDA)

3.6.4 Generalized Gradient Approximation (GGA)
The Computational Material Science Software
Cambridge Serial Total Energy Package (CASTEP)
Computational Method Procedure

3.9.1 Modeling of Crystal Structures

3.9.2 Modd Refinement

3.9.3 Material Properties Calculation

394 Analysisof Test Properties of Materials
Electronic Band Structure

Density of States (DOS) and Chemica Bonding Charges Density
Thermoel ectric Properties Calculation

Summary of Chapter

41
41
41
42
43

45
45
46
49
49
50
51
53
53
57
58
59
59

63
65

CHAPTER FOUR STRUCTURAL, ELECTRONIC, AND INFLUENCE OF
EPITAXIAL STRAIN OF CUBIC AND TETRAGONAL BULK ATIO3 (A=PB,
SN): A COMPARATIVE STUDY

4.1
4.2

4.3

Introduction
Convergence Test
4.2.1 Cut-off Energy and k-point of Cubic PTO and SnTO

4.2.2 Cut-off Energy and k-point of Tetragonal PTO and SnTO

Structural Properties

Vil

66
66
66
66
69
70



