
Table of Contents 

Acknowledgement ................................................................................................................... iv 

Table of Contents ..................................................................................................................... v 

Abstract .................................................................................................................................... xi 

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

List of Tables ......................................................................................................................... xix 

List of Acronyms and Abbreviations ................................................................................... xx 

1. CHAPTER 1 ................................................................................................................... 1 

Introduction .............................................................................................................................. 1 

Abstract ..................................................................................................................................... 1 

1.1  Nature and Significance of Chirality............................................................................... 2 

1.2  Stereoisomers..................................................................................................................... 4 

1.3   Discovery of Polarization ................................................................................................ 4 

1.3.1  Plane Polarized Light (Linearly Polarized Light)......................................................... 5 

1.3.2  Circularly Polarized Light ............................................................................................ 6 

1.3.3  Elliptically Polarized Light ........................................................................................... 7 

1.4  Development in the Study of Chiral Molecules .............................................................. 7 

1.5  What is Chirality and how does it get into Molecules ................................................. 10 

1.6  Different Types of Chirality Present in the Molecule .................................................. 12 

1.6.1  Chiral Center............................................................................................................... 12 

1.6.2  Helical Chirality ......................................................................................................... 13 

1.6.3  Planar Chirality ........................................................................................................... 14 

1.6.4  Axial Chirality ............................................................................................................ 14 

1.7  Optically Active and Optically Inactive Enantiomers ................................................. 15 

1.8  Why Chiral Molecules show Optical Rotation? ........................................................... 15 

1.9  The Enantiomeric Purity ................................................................................................ 16 

1.10   Fresnel Theory of Optical Rotation............................................................................ 16 

1.10.1  Fresnel’s Experimental Explanation of Optical Rotation ......................................... 17 

1.10.2  Specific rotation ........................................................................................................ 18 

1.11  The Significance of one Enantiomer ........................................................................... 19 



1.11.1  Thalidomide Tragedy ............................................................................................... 19 

1.11.2  Dopamine to treat Parkinson’s ................................................................................. 19 

1.11.3  Penicillamine to treat Rheumatoid Arthritis ............................................................. 20 

1.11.4  Aspartame for Diabetic People ................................................................................. 20 

1.12  Different Methods to Study Chiral Materials ............................................................ 20 

1.12.1  Polarimetry ............................................................................................................... 20 

1.12.2  Types of Polarimeter ................................................................................................ 21 

1.12.1.1  Laurent’s Half-Shade Polarimeter ...................................................................... 22 

1.12.1.2  Biquartz Polarimeter .......................................................................................... 23 

1.12.1.3  Lippich Polarimeter ............................................................................................ 24 

1.12.3  Optical Rotatory Dispersion (ORD) ......................................................................... 25 

1.13  Raman Spectroscopy .................................................................................................... 27 

1.13.1  Essential Condition for a Molecule to be Raman Active ......................................... 28 

1.13.2  Requirements of Raman Spectroscopy ..................................................................... 30 

1.13.3  Relation between Symmetry of Molecule and Raman Activity ............................... 30 

1.13.4  Applications of Raman spectroscopy ....................................................................... 30 

1.14  Vibrational Optical activity (VOA) ............................................................................. 31 

1.15  Raman Optical Activity (ROA) ................................................................................... 31 

1.16  Vibrational Circular Dichroism (VCD) ...................................................................... 33 

1.17   Negative Refractive Index Metamaterials (NIMs) .................................................... 34 

1.18  Chiral Metamaterials (CMMs) .................................................................................... 35 

2. CHAPTER 2 ................................................................................................................. 36 

Materials and Experimental Techniques ............................................................................. 36 

Abstract ................................................................................................................................... 36 

2.1 Chemicals used in the Research Work....................................................................... 36 

2.1.1  Sample used for Refractive Index Mesurements ........................................................ 36 

2.1.2  High Pressure Raman Spectroscopic Measurements.................................................. 36 

2.1.3  Raman Optical Activity (ROA) Measurements.......................................................... 37 

2.2  Details of Chemicals used throughout the Research Work. ....................................... 37 

2.3  Experimental Techniques ............................................................................................... 38 

2.3.1  Optical Components to Generate Plane and Circularly Polarized Light .................... 38 

2.3.1.1  Polarizer ............................................................................................................... 38 

2.3.1.2  Analyzer ............................................................................................................... 39 

2.3.1.3  Quarter Wave Plate (QWP) .................................................................................. 39 

2.3.2  Photodetector .............................................................................................................. 40 

2.3.3   Prism Table Spectrometer ......................................................................................... 40 



2.3.4  Analytical Balance ...................................................................................................... 41 

2.3.5  Abbe Refractometer .................................................................................................... 42 

2.3.6  Rudolph J 257 Refractometer ..................................................................................... 43 

2.3.7  Polarization Microscope ............................................................................................. 43 

2.3.8   Newton’s Rings Apparatus ........................................................................................ 43 

2.3.8.1  Conditions for Constructive and Destructive interference Rings  Formation ...... 45 

2.3.8.2   Diameter of Interference Rings ........................................................................... 45 

2.3.8.3   Refractive Index Measurement ........................................................................... 46 

2.3.9  Circular Dichroism (CD) Spectroscopy ..................................................................... 47 

2.3.10   High Pressure Technique ......................................................................................... 48 

2.3.11  Stereo Zoom Microscope .......................................................................................... 50 

2.3.12  Raman Spectroscopy ................................................................................................ 51 

2.3.13  Raman Optical Activity (ROA) Spectroscopy ......................................................... 52 

2.3.14  Infrared Spectroscopy ............................................................................................... 54 

2.3.15   Powder X-ray Diffraction (PXRD).......................................................................... 55 

2.3.16  Softwares used for Calculations ............................................................................... 55 

2.3.16.1  Origin 8 .............................................................................................................. 55 

2.3.16.2  Crysfire Powder Diffraction Indexing Software ................................................ 56 

2.3.16.3  Checkcell ............................................................................................................ 56 

3. CHAPTER 3 ................................................................................................................. 57 

Correlating Fast and Slow Axes of a Quarter Wave Plate to Interference Colours ........ 57 

Abstract ................................................................................................................................... 57 

3.1  Introduction ..................................................................................................................... 57 

3.1.1  Optically Anisotropic Crystals and Birefringence ...................................................... 58 

3.1.2  Types of Crystals ........................................................................................................ 61 

3.1.3  The Use of Birefringence in Wave Plates .................................................................. 64 

3.1.4  Methods for Determining the Fast and Slow Axes of a Quarter Wave Plate ............. 67 

3.2   Materials and Methods .................................................................................................. 73 

3.2.1  Interference Colours ................................................................................................... 73 

3.2.2  Transmission of Monochromatic and Polychromatic Lght through an Anisotropic 

Crystal ................................................................................................................................... 75 

3.2.3  How to study Michel Levy Interference Colour Chart? ............................................. 79 

3.3  Results and Discussions .................................................................................................. 82 

3.4  Conclusion ....................................................................................................................... 86 

4. CHAPTER 4 ................................................................................................................. 87 

Insights on Optical Handedness of Chiral Materials using Newton's Rings .................... 87 

Abstract ................................................................................................................................... 87 



4.1  Introduction ..................................................................................................................... 87 

4.2  Materials and Methods ................................................................................................... 90 

4.2.1  Chiral Samples for the Refractive Index Comparative Study .................................... 90 

4.2.2  Interference Rings Setup as an Analytical Tool ......................................................... 93 

4.2.3  Experimental Techniques ........................................................................................... 95 

4.2.3.1  Changes Made in Our Experimental Setup: ......................................................... 96 

4.3  Results and Discussions .................................................................................................. 97 

4.3.1  Part 1: Optically Active Molecules under Linearly Polarized Light .......................... 97 

4.3.2  Part 2: Optically Active Molecules under Circularly Polarized Light ....................... 99 

4.4  Error analysis ................................................................................................................ 104 

4.5  Conclusion ..................................................................................................................... 105 

5. CHAPTER 5 ............................................................................................................... 106 

High Pressure Raman Spectroscopic Study on Chirality inducing Agent: A Case Study 

of Sodium Dithionite (Na2S2O4) ................................................ Error! Bookmark not defined. 

Abstract ................................................................................................................................. 106 

5.1  Introduction ................................................................................................................... 106 

5.2  Materials and Methods ................................................................................................. 109 

5.3  Results and Discussions ................................................................................................ 110 

5.3.1  Vibrational Raman Spectra of Sodium Dithionite in the Presence of Ketones ........ 112 

5.3.2  Raman Modes of Crystalline Sodium Dithionite (Na2S2O4) .................................... 115 

5.3.3  High Pressure Study of Sodium Dithionite (Na2S2O4) in Quasi-hydrostatic Pressure 

Environment ....................................................................................................................... 116 

5.3.4  High Pressure Study of Sodium Dithionite (Na2S2O4) in Non-hydrostatic Pressure 

Environment ....................................................................................................................... 120 

5.4  Conclusion ..................................................................................................................... 126 

6. CHAPTER 6 ............................................................................................................... 128 

Raman Optical Activity (ROA) Studies on Chiral Materials: BINAP ........................... 128 

(2,2′bis (diphenylphosphino)-1,1′-binaphthyl) (C44H32P2) ............................................... 128 

Abstract ................................................................................................................................. 128 

6.1  Introduction ................................................................................................................... 129 

6.2  Materials and Methods ................................................................................................. 133 



6.3   Results and Discussions ............................................................................................... 135 

6.4  Conclusion ..................................................................................................................... 153 

7. CHAPTER 7 ............................................................................................................... 154 

Conclusions and Scope for Future Work........................................................................... 154 

Abstract ................................................................................................................................. 154 

7.1  Conclusions .................................................................................................................... 155 

7.1.1  Correlating Fast and Slow Axes of a Quarter Wave Plate to Interference Colours . 155 

7.1.2  Insights on Optical Handedness of Chiral Materials using Newton's Rings ............ 156 

7.1.3  High Pressure Raman Spectroscopic Study on Chirality inducing agent: A Case 

Study of Sodium Dithionite (Na2S2O4) .............................................................................. 156 

7.1.4  Raman Optical Activity (ROA) Studies on Chiral Materials: BINAP           

(2,2′bis(diphenylphosphino)-1,1′-binaphthyl)  (C44H32P2) ................................................. 157 

7.2  Scope for Future Work ................................................................................................. 158 

8.   SUPPLEMENTARY INFORMATION ....................................................................... 160 

8.6.1  Ruby Fluorescence Spectra at High Pressures ......................................................... 160 

8.6.2  Quasi-hydrostatic Pressure Environment (Decompression) ..................................... 160 

8.6.3  Non-hydrostatic Pressure Environment (Decompression) ....................................... 161 

8.6.4  Powder X-Ray Diffraction (PXRD) of Sodium Dithionite ...................................... 162 

9. APPENDIX I .............................................................................................................. 208 

Chiral Metamaterials exhibit Properties of Negative Refractive Index Metamaterials 208 

Abstract ................................................................................................................................. 208 

9.1   Introduction .................................................................................................................. 208 

9.2  Major Advancements in Developments of NIMs ....................................................... 212 

9.2.1  Working of SRR as an LC Oscillator ....................................................................... 213 

9.2.2  SRR Combined with Wires make Negative Refractive Index Metamaterials .......... 214 

9.2.2.1  SRR and Magnetic Response ............................................................................. 214 

9.2.2.2  Thin Wires and Electric Response ..................................................................... 216 

9.3  Details about NIMs Reported in the Literature ......................................................... 217 

9.4  Applications of Negative Refractive Index Metamaterials ....................................... 220 

9.4.1  Perfect Lens .............................................................................................................. 220 

9.4.2  Invisibility Cloak ...................................................................................................... 222 

9.4.3  Antenna ..................................................................................................................... 223 



9.5  Chiral Metamaterials (CMM), a Unique Technique for achieving Negative 

Refractive Index ................................................................................................................... 224 

9.6  Artificially fabricated  Chiral Metamaterials exhibiting Negative Refractive Index 

Properties. ............................................................................................................................. 226 

9.7  Prospects for the Future ............................................................................................... 228 

10.  APPENDIX II ................................................................................................................ 229 

10.1  List of Publications ..................................................................................................... 229 

10.2  Patent granted ............................................................................................................. 229 

10.3  Conference Presentations ........................................................................................... 231 

References ............................................................................................................................. 232 
 

 

 

 

 

 

 


