
                                                                                                                                                Table of Contents 

viii 
 

Table of Contents 

 
CERTIFICATE ....................................................................................................................... ii 

DECLARATION BY THE CANDIDATE .......................................................................... iii 

COPYRIGHT TRANSFER CERTIFICATE ..................................................................... iv 

COPYRIGHT TRANSFER .................................................................................................. iv 

ACKNOWLEDGMENT ........................................................................................................ v 

Table of Contents ................................................................................................................. viii 

List of Figures ........................................................................................................................ xii 

List of Tables ...................................................................................................................... xviii 

List of Abbreviations and Symbols .................................................................................... xix 

Preface ................................................................................................................................. xxiii 

1 Introduction and Literature Review .............................................................................. 1 

1.1 Carbon Nanomaterials ................................................................................................. 1 

1.1.1 Fullerene .............................................................................................................. 3 

1.1.2 Graphene .............................................................................................................. 4 

1.1.3 Carbon Nanotube ................................................................................................. 5 

1.2 Carbon Quantum Dots ................................................................................................. 8 

1.2.1 Synthesis Methods of CQDs ................................................................................ 9 

1.2.2 Properties of CQDs ............................................................................................ 16 

1.2.3 Application of CQDs ......................................................................................... 21 

Chapter-2 ............................................................................................................................... 32 

2 Methodology and Instrumentation .............................................................................. 32 

2.1 Materials Used for the Synthesis and Other Experiments of CQDs ......................... 32 

2.2 Preparation of CQDs ................................................................................................. 33 

2.2.1 Plumeria derived CQDs for Heavy Metal Ions Detection ................................. 33 

2.2.2 Plumeria derived CQDs for WLEDs Application ............................................. 34 

2.2.3 Preparation of plant extract and Nanoparticles .................................................. 35 

2.2.4 BN derived CQDs for detection of PNP ............................................................ 36 

2.3 Apparatus Used in the Experiments .......................................................................... 37 



                                                                                                                                                Table of Contents 

ix 
 

2.4 Experiments Related to CQDs as Detection and Bioimaging ................................... 38 

2.4.1 Selectivity and Sensitivity Measurements ......................................................... 38 

2.4.2 Sensing of Hg2+ and As3+ ions ........................................................................... 38 

2.4.3 In Vitro Cytotoxicity Assay ............................................................................... 40 

2.4.4 Ex-vivo Hemolysis Assay .................................................................................. 40 

2.4.5 Fluorescence based assay protocol: ................................................................... 41 

2.5 Experiments Related to WLEDs ............................................................................... 42 

2.5.1 WLEDs Demonstration ...................................................................................... 42 

2.6 Experiment Related to GNP as Tumor Regression ................................................... 43 

2.6.1 Cell Culture ........................................................................................................ 43 

2.6.2 Cell cytotoxicity assay ....................................................................................... 43 

2.6.3 Cellular uptake studies ....................................................................................... 44 

2.6.4 in vivo Evaluation of the Nano-formulation (T-Gold, V-Gold, and T+V-Gold) 
as metastatic Breast Cancer Therapeutic Agent. .............................................................. 45 

2.6.5 Histopathological Assessment of Liver section ................................................. 45 

2.6.6 Estimation of Nitric Oxide (NO) ....................................................................... 46 

2.6.7 Estimation of Superoxide dismutase (SOD) activity ......................................... 46 

2.6.8 Estimation of lactate dehydrogenase (LDH) release ......................................... 46 

2.6.9 Estimation of Glutathione s-transferase (GST) activity ..................................... 47 

2.6.10 Estimation of Reduced GSH activity ................................................................ 47 

2.6.11 Statistical Analysis ............................................................................................. 47 

Chapter-3 ............................................................................................................................... 48 

3 Biogenic Synthesis of Dual-emission Chlorophyll-rich Carbon Quantum Dots for 

Detection of Heavy Toxic Metal Ions – Hg (II) and As (III) in Water and Mouse 

Fibroblast Cell Line NIH-3T3.............................................................................................. 48 

3.1 Introduction ............................................................................................................... 48 

3.1.1 Source of Water Pollutant .................................................................................. 48 

3.1.2 Techniques for detection of heavy metals in water ........................................... 50 

3.1.3 Properties of CQDs ............................................................................................ 50 

3.2 Results and Discussion .............................................................................................. 52 

3.2.1 Optical Characterization of CQDs ..................................................................... 52 

3.2.2 Sensing of As3+and Hg2+ .................................................................................... 61 

3.2.3 Quenching and Enhancement Mechanisms ....................................................... 68 

3.2.4 Biocompatibility and Bioimaging of CQDs ...................................................... 76 



                                                                                                                                                Table of Contents 

x 
 

3.3 Conclusion ................................................................................................................. 79 

Chapter-4 ............................................................................................................................... 81 

4 Biogenic Synthesis of Gold Nanoparticles Using Dual Extract of Tulsi-Vinca for 

Breast Cancer Tumor Regression in Mice.......................................................................... 81 

4.1 Introduction ............................................................................................................... 81 

4.1.1 Threat about Triple-Negative Breast Cancer (TNBC) ....................................... 81 

4.1.2 Treatment of TNBC ........................................................................................... 81 

4.1.3 Meditational properties of Tulsi and Vinca ....................................................... 82 

4.2 Results ....................................................................................................................... 83 

4.2.1 Characterization of GNPs .................................................................................. 83 

4.2.2 Fourier-transform infrared (FTIR) and XPS Analysis ....................................... 85 

4.2.3 XPS Analysis of GNPs ...................................................................................... 86 

4.2.4 Free Radical Scavenging Analysis..................................................................... 87 

4.2.5 in vitro Cytotoxicity Studies .............................................................................. 89 

4.2.6 Cellular Uptake Efficiency ................................................................................ 90 

4.2.7 Tumour Regression Study.................................................................................. 91 

4.2.8 Biochemical Estimations ................................................................................... 94 

4.3 Discussion ................................................................................................................. 98 

4.4 Conclusion ............................................................................................................... 107 

Chapter-5 ............................................................................................................................. 109 

5 Fabrication of White Light Emitting Diodes via High Yield Surface Passivated 

Carbon Quantum Dots Doped with Terbium .................................................................. 109 

5.1 Introduction ............................................................................................................. 109 

5.2 RESULTS AND DISCUSSION ............................................................................. 111 

5.2.1 Optical properties characterization .................................................................. 111 

5.2.2 FTIR and XPS measurements .......................................................................... 113 

5.2.3 PL, QY and LT Measurements ........................................................................ 116 

5.2.4 creation of white LEDs .................................................................................... 122 

5.2.5 WLEDs Demonstration .................................................................................... 122 

5.3 CONCUSIONS ....................................................................................................... 124 

Chapter-6 ............................................................................................................................. 125 

6 Fluorometric based detect of organic pollutant of para nitrophenol (PNP) with 

highly selective and sensitive: using boron nitrate quantum dots (BNQDs) ................. 125 



                                                                                                                                                Table of Contents 

xi 
 

6.1 Introduction ............................................................................................................. 125 

6.2 Result and Discussion ............................................................................................. 127 

6.2.1 Optical Characterization of the Synthesized Materials .................................... 127 

6.2.2 Sensitivity and Selectivity of Para Nitro Phenol (PNP)................................... 135 

6.2.3 Sensing of Para Nitro Phenol (PNP) ................................................................ 137 

6.2.4 The Mechanism for PL Quenching .................................................................. 143 

6.2.5 Real sample analysis ........................................................................................ 145 

6.3 Conclusion ............................................................................................................... 148 

Chapter-7 ............................................................................................................................. 150 

7 Conclusion and Future Scope ..................................................................................... 150 

References ............................................................................................................................ 154 

List of Publications ............................................................................................................. 189 

 


