
 
 

CONTENTS 

 

Description                               Page No. 

Abstract..................................................................................................................... ..............i 

Declaration..............................................................................................................................v 

Certificate of supervisor.........................................................................................................vi 

Preface...................................................................................................................................vii 

Acknowledgement.............................................................................................................. .viii 

List of abbreviations/acronyms/symbols used.......................................................................xi 

List of Tables.......................................................................................................................xiii 

List of Figures......................................................................................................................xiv 

List of Schemes....................................................................................................................xvi 

 

Chapter 1: Introduction  

 1.1 General introduction 2 

 1.2 Basic concepts - nanotechnology and nanomaterial  

       1.2.1 What is nanotechnology? 2 

       1.2.2 Size effects 4 

       1.2.3 Classification of nanomaterials 4 

       1.2.4 General characterization techniques 5 

 1.3 Synthesis of metal and metal oxide nanoparticles  

       1.3.1 Background 6 

       1.3.2 Vapor route   8 

               1.3.2.1 Physical vapor deposition 8 

               1.3.2.2 Chemical vapor deposition  8 

               1.3.2.3 Spray conversion processing  8 

        1.3.3 Liquid route  8 

               1.3.3.1 Sol-gel process 8 

               1.3.3.2 Wet chemical synthesis 9 

               1.3.3.3 Microemulsion techniques 10 

               1.3.3.4 Ultrasonication techniques  10 



 
 

                 1.3.3.5 Hydrothermal method  10 

        1.3.4 Solid route   

                 1.3.4.1 Mechanical ball-milling 11 

                 1.3.4.2 Mechano-chemical synthesis  12 

                 1.3.4.3 Microwave techniques 12 

 1.4 Synthesis of some specific nanomaterials  

       1.4.1 Synthesis of iron oxide nanoparticles 13 

       1.4.2 Synthesis of copper oxide nanoparticles 16 

       1.4.3 Synthesis of palladium nanoparticles 18 

 1.5 Application of metal oxide nanoparticles   

       1.5.1 Basic concepts of catalyst 20 

       1.5.2 Photocatalyst  22 

       1.5.3 Nanomaterials as adsorbents in water purification   

                1.5.3.1 Arsenic contamination in water and remedies 23 

                1.5.3.2 Lead contamination in water and remedies 25 

                1.5.3.3 Other heavy metal/non-metal contamination in  

                           water and remedies 

26 

                            1.5.3.3.1 Chromium in water 26 

                            1.5.3.3.2 Fluoride in water 27 

 1.6 Aims and objective of the thesis 28 

 References 30-39 

 

Chapter 2: 

 

Characterization Techniques Used 

 

 

 2.1 X-ray Diffraction (XRD) analysis 42 

 2.2 Scanning Electron Microscopy (SEM) analysis 42 

 2.3 Field Emission Scanning Electron Microscopy (FESEM) 

analysis 

 

42 

 2.4 Transmission Electron Microscopy (TEM) analysis 43 

 2.5 Energy Dispersive X-ray (EDX) analysis 43 

 2.6 Fourier Transform-Infra Red (FT-IR) analysis 43 

 2.7 Brunauer-Emmett-Teller (BET) surface area analysis 43 

 2.8 Atomic Absorption Spectroscopy (AAS) analysis 44 



 
 

 2.9 Nuclear Magnetic Resonance (NMR) Spectroscopy analysis 44 

 References 45 

 

Chapter 3: 

 

In water homocoupling of arylboronic acid using nano-rod 

shaped and reusable copper oxide(II) catalyst at room 

temperature 

 

 

 

 3.1 Introduction 48 

 3.2 Experimental section                                                                                              49 

 3.3 Results and discussion  

       3.3.1 Characterisation and homo-coupling reaction 49 

       3.3.2 Hot filtration test 55 

       3.3.3 Reusability of catalyst 55 

                                                                                                   3.4 Conclusions 57 

 References 58-61 

 

Chapter 4: 

 

Microwave irradiated and in-situ generated nano-Pd 

catalysed synthesis of cross-biphenyl cum desulfurization 

using aryl sulfonyl chlorides and phenyl boronic acids 

 

 

 

 4.1 Introduction  64 

 4.2 Results and Discussions  

       4.2.1 Characterization 66 

       4.2.2 Synthesis 68 

       4.2.3 Sheldon Test 74 

       4.2.4. Reusability of catalyst 75 

       4.2.5. Predicted mechanism 75 

 4.3 Conclusions 77 

 References 77-79 

   

Chapter 5: A highly active nano-copper(II) oxide catalyst for the 

synthesis of aromatic azo-compounds under mild conditions 

 

 5.1 Introduction 82 

 5.2 Experimental Section                                                                                               



 
 

       5.2.1 Preparation of CuO NPs 83 

       5.2.2 General reaction procedure 83 

 5.3 Results and discussion  

       5.3.1 Characterisation and optimization of reaction 84 

       5.3.2 Sheldon Test 93 

       5.3.3 Reusability of catalyst 93 

 5.4 Conclusions 95 

 References 95-97 

 

Chapter 6: 

 

Iron oxide hydroxide nanoflower assisted removal of 

arsenic from water 

 

 

 

 6.1 Introduction  100 

 6.2 Experimental Section  

       6.2.1 Materials  101 

       6.2.2 Synthesis 101 

       6.2.3 Characterization  102 

       6.2.4 Adsorption experiments 102 

 6.3 Results and Discussion  

       6.3.1 Analysis after characterization      103 

       6.3.2 Zero point charge (ZPC) determination 106 

       6.3.3 Effect of contact time  107 

       6.3.4 Effect of sorbent dosage 108 

       6.3.5 Effect of initial concentration 109 

       6.3.6 Influence of pH & mechanism of sorption  109 

       6.3.7 Effect of agitation speed of mechanical shaker on  

               Adsorption 

111 

       6.3.8 Influence of competing anions 112 

 6.4 Adsorption Kinetics 113 

       6.4.1 Intraparticle diffusion 114 

 6.5 Adsorption isotherms 116 

       6.5.1 Langmuir Isotherm 116 



 
 

       6.5.2. Freundlich Isotherm 117 

       6.5.3 Redlich–Peterson Isotherm 118 

       6.5.4 Temkin Isotherm 118 

 6.6 Arsenic desorption study 118 

 6.7 Conclusions 119 

 References 120-122 

 

Chapter 7: 

 

CuO nanorods: a potential and efficient adsorbent in water 

purification 

 

 

 

 7.1 Introduction    124 

 7.2 Experimental  

       7.2.1 Materials 125 

       7.2.2 Synthesis 125 

       7.2.3 Adsorption experiments 125 

       7.2.4 Characterization  126 

 7.3 Results and Discussion 126 

       7.3.1 Effect of sorbent dosage 129 

       7.3.2 Effect of contact time  130 

       7.3.3 Effect of initial concentration of adsorbate 130 

       7.3.4 Influence of pH and mechanism of sorption  131 

       7.3.5 Influence of competing anions 134 

       7.3.6 Temperature effect and thermodynamic study 135 

       7.3.7 Adsorption isotherms 136 

       7.3.8 Lead desorption study 137 

 7.4 Conclusions 138 

 References 139-140 

 

Chapter 8: Summary and Future Scope  

 8.1 Introduction 141 

 8.2 Contribution of present work 141 

 8.3 Future Scope of the Work 144 



 
 

 

Appendix I 

 

Supporting information for all the chapters 

 

145-202 

Appendix II 

 

Publications 

 

203-204 

 


