TABLE OF CONTENTS

Title of Thesis

Certificates li-iv
Acknowledgements V-Vi
Dedication vii
Table of Contents viii-xi
List of Figures Xii-Xiv
List of Symbols/ Abbreviations XV-XVi
Preface XVii-XXi
Chapter 1 Introduction and Literature review 1-34
1.1 Introduction 1
1.2 Synthesis of Palladium nanoparticles and the role of stabilizers 4
1.3 Properties of Palladium nanoparticles 5
1.3.1 | Catalytic Activity 5
1.3.2 | Hydrogen Storage 5
1.3.3 | Electrical and Optical Properties 5
1.3.4 | Catalytic properties 6
1.3.4.1 | Surface Area 6
1.3.4.2 | Reactivity 6
1.3.4.3 | Adsorption 6
1.3.4.4 | Size-Dependent Catalysis 6
1.3.4.5 | Selectivity 6
1.3.4.6 | Stability 7
1.4 Synthesis and application of bimetallic analogues of palladium 7
nanoparticles
1.4.1 | Synthesis of Bimetallic Analogues of Palladium Nanoparticles 7
1.4.1.1 | Co-Reduction Method 7
1.4.1.2 | Galvanic Replacement Method
1.5 Applications of Bimetallic Analogues of Palladium Nanoparticles 7
1.5.1 | Catalysis 8
1.5.2 | Energy Storage 8
1.5.3 | Sensing 8

viii




1.5.4 | Environmental Remediation 9

1.6 Metal based Nanoparticles and heterogeneous catalyst 9
1.6.1 | Synthesis of Metal-Based Nanoparticles 9

1.6.1.1 Types of Metal-Based Nanoparticles 10

1.6.1.2 Properties of Metal-Based Nanoparticles 10

1.7 Applications of Metal-Based Nanoparticles in Catalysis 10
1.8 Heterogeneous Catalysis 11
1.9 Electrochemical water splitting 11
1.9.1 | Water- splitting at different pH and thermodynamic feasibility 13

19.11 Water-splitting at pH=7 (pure water) 13

19.1.2 Water-splitting in the presence of acid (pH lower 14

than 7)
1.9.1.3 Water-splitting in the presence of a base (pH higher 14
than 7)

1.10 | Oxygen evolution reaction (OER) 15
1.10.1 | OER in water splitting 15

1.11 Mechanism of OER 16
1.11.1 | Adsorbate evolution mechanism (AEM) 17

1.11.1.1 | Inan Acidic medium 17

1.11.1.2 | Inan alkaline medium 18

1.11.2 | Lattice-oxygen-mediated mechanism (LOM) 20

1.12 Importance of OER in other fields 22
1.12.1 | Metal-air batteries 22

1.12.2 | Fuel cell 25

1.13 Evaluating parameters for OER activity 27
1.13.1 | Electrode and electrolyte 28

1.13.2 | Onset/ Overpotential (1) 29

1.13.3 | Exchange current density (i0) and Tafel slope (b) 30

1.13.4 | Electroactive surface area (ECSA) 31

1.13.5 | Stability 32

1.14 | Scope of the work and objective of the thesis 32

Chapter 2 Materials and Instrumentation Methods 35-50

2.1 Materials 35
2.2 Synthesis 36
2.2.1 | Synthesis of Co-NTA 36




2.2.2 | Synthesis of Co@NC 36
2.2.3 | Synthesis of Pdnpsl 36
2.2.4 | Synthesis of Pdnps2 37
2.2.5 | Pdnps3 37
2.2.6 | Synthesis of CoPd-NTA1 37
2.2.7 | Synthesis of CoPd-NTA2 37
2.2.8 | Synthesis of CoOPd@NC-1 and CoPd@NC-2 38
2.2.9 | Fabrication of Co@Pdnps 38
2.3 Fabrication of nanocatalyst modified carbon cloth electrode 38
24 Characterizations 39
2.4.1 | X-ray Diffraction (XRD) 39
2.4.2 | Fourier transform infrared (FTIR) Spectroscopy 41
2.4.3 | Scanning Electron Microscopy (SEM) 42
2.4.4 | Transmission Electron Microscopy (TEM) 44
2.4.5 | Energy dispersive X-ray spectroscopy (EDX) 46
2.4.6 | X-ray photoelectron spectroscopy 46
2.4.7 | Surface Area Analysis: Brunauer-Emmett-Teller (BET) Theory 47
2.4.8 | Electrochemical Measurement 48
25 Conclusions 50

Chapter 3 | Synthesis and Properties of Organotrialkoxysilane | 51-68
Functionalized Palladium-Cobalt Heterogeneous Catalysts for
Oxygen Evolution Reaction

3.1 Introduction 51-55
3.2 Results and Discussions 55
3.2.1 | Synthesis and characterization of Co@Pdnps 55
3.2.2 | Electrochemistry of Co@NC and Co@Pdnps modified 64
electrodes
3.3 Conclusions 67-68

Chapter 4 | Studies on porous nanostructured Palladium-Cobalt-Silica as| 69-82
Heterogeneous Catalysts for Oxygen Evolution Reaction

4.1 Introduction 69
4.2 Results and Discussions 72
4.3 Electrochemistry of Co@NC and CoPd@NC modified electrodes 78
4.4 Conclusions 81-82




Chapter 5 | Summary and Future Scope 83-87
5.1 Summary 83
5.2 Scope for the future work 87

References 88-107

List of Publications 108

List of Conferences 109

Xi




