
xxiii 

 

Contents Page No 

Abstract i 

Keywords xix 

Declaration by the Candidate xx 

Certificate of the Supervisor xxi 

Acknowledgement xxii 

List of Tables xxviii 

List of Figures xxxix 

List of Schemes li 

List of Abbreviation liii 

Chapter 1 Brief Introduction to Computational Chemistry 1.1-1.36 

 [1.1] Introduction 1.1 

 [1.2] Density Functional Theory 1.1 

  [1.2.1] The Hohenberg-Kohn Theorems 1.2 

  [1.2.2] The Kohn-Sham Energy and the KS Equations 1.3 

  [1.2.3] The Local Density Approximation (LDA) 1.5 

  [1.2.4] The Local Spin Density Approximation 

(LSDA) 

1.6 

  [1.2.5] The Generalized-Gradient Approximation 

(GGA) 

1.6 

  [1.2.6] Hybrid Functional 1.7 

 [1.3] Basis Set 1.7 

  [1.3.1] Effective Core Potential (ECP) 1.8 

 [1.4] Quantum Theory of Atoms in Molecules (QTAIM) 1.9 

 [1.5] Energy Decomposition Analysis (EDA) 1.10 

 [1.6] Activation Strain Model (ASM) 1.12 

 [1.7] Brief description of the remaining chapters 1.13 

  [1.7.1] Chapter 2: In Search of Stable, Singlet Metalla 

N-Heterocyclic Carbene (MNHC) and Probing 

their Potential in Small Molecule Activation. 

1.13 



xxiv 

 

   [1.7.1.1] In Search of Stable Singlet Metalla-

N-Heterocyclic Carbenes 

(MNHCs): A Contribution from 

Theory 

1.13 

   [1.7.1.2] Probing the Potential of Metalla-N-

Heterocyclic Carbenes Towards 

Activation of Enthalpically Strong 

Bonds 

1.15 

  [1.7.2] Chapter 3: Activation of Small Molecules by 

Cyclic Alkyl Amino Silylenes (CAASis) and 

Germylenes (CAAGes): A Theoretical Study 

1.15 

  [1.7.3] Chapter 4: Ylide Decorated Monovalent Group 

13 Carbenoids and Probing their potential 

towards Activation of Enthalpically Strong 

Bonds 

1.17 

   [1.7.3.1] Stable N-Heterocyclic Borylenes 

with Promising Ligand Properties: 

A Contribution from Theory 

1.17 

   [1.7.3.2] Unravelling the Potential of Ylides 

in Stabilizing Low-Valent Group 13 

Compounds: Theoretical 

Predictions of Stable, Five-

membered Group 13 (Al and Ga) 

Carbenoids Capable of Small 

Molecule Activation 

1.19 

  [1.7.4] Chapter 5: Understanding, Modulating and 

Leveraging Transannular MZ Interactions 

1.19 

  [1.7.5] Chapter 6: Screening the Potential of Tripodal 

Vanadium Complexes Toward Dinitrogen 

Reduction 

1.21 

 [1.8] Bibliography 1.24 

Chapter 2 In Search of Stable, Singlet Metalla N-Heterocyclic Carbene 

(MNHC) and Probing their Potential in Small Molecule 

Activation. 

2.1-2.62 

 [2.1] In Search of Stable Singlet Metalla-N-Heterocyclic 

Carbenes (MNHCs): A Contribution from Theory 

2.1 

  [2.1.1] Introduction 2.1 

  [2.1.2] Computational Details 2.3 



xxv 

 

  [2.1.3] Results and Discussion 2.5 

   [2.1.3.1] Geometries 2.5 

   [2.1.3.2] Singlet-Triplet Energy Separations 2.8 

   [2.1.3.3] Ligand Properties 2.11 

   [2.1.3.4] Proton Affinities 2.14 

   [2.1.3.5] Gallium Pyramidalization 2.15 

   [2.1.3.6] pKa values 2.15 

   [2.1.3.7] Nucleophilicity index (N) 2.16 

  [2.1.4] Conclusions 2.17 

  [2.1.5] Bibliography 2.18 

 [2.2] Probing the Potential of Metalla-N-Heterocyclic 

Carbenes Towards Activation of Enthalpically Strong 

Bonds 

2.26 

  [2.2.1] Introduction 2.26 

  [2.2.2] Computational Details 2.27 

  [2.2.3] Results and Discussion 2.28 

   [2.2.3.1] Activation of Dihydrogen 2.31 

   [2.2.3.2] Activation of Ammonia 2.34 

   [2.2.3.3] Activation of Phosphine 2.42 

   [2.2.3.4] Activation of Silane 2.47 

  [2.2.4] Conclusions 2.53 

  [2.2.5] Bibliography 2.54 

Chapter 3 Activation of Small Molecules by Cyclic Alkyl Amino 

Silylenes (CAASis) and Germylenes (CAAGes): A 

Theoretical Study 

3.1-3.47 

 [3.1] Introduction 3.1 

 [3.2] Computational Details 3.3 

 [3.3] Results and Discussion 3.4 

  [3.3.1] Activation of Dihydrogen 3.12 

  [3.3.2] Activation of Ammonia 3.18 

  [3.3.3] Activation of Toluene 3.26 



xxvi 

 

  [3.3.4] Activation of Triethylsilane 3.30 

 [3.4] Conclusions 3.38 

 [3.5] Bibliography 3.39 

Chapter 4 Ylide Decorated Monovalent Group 13 Carbenoids and 

Probing their potential towards Activation of Enthalpically 

Strong Bonds 

4.1-4.96 

 [4.1] Stable N-Heterocyclic Borylenes with Promising 

Ligand Properties: A Contribution from Theory 

4.1 

  [4.1.1] Introduction 4.1 

  [4.1.2] Computational Details 4.2 

  [4.1.3] Results and Discussion 4.5 

   [4.1.3.1] Activation of Dihydrogen 4.11 

   [4.1.3.2] Activation of Ammonia 4.15 

   [4.1.3.3] Activation of Methane 4.24 

   [4.1.3.4] Activation of Fluorobenzene 4.31 

  [4.1.4] Conclusions 4.38 

  [4.1.5] Bibliography 4.39 

 [4.2] Unravelling the Potential of Ylides in Stabilizing Low-

Valent Group 13 Compounds: Theoretical Predictions 

of Stable, Five-membered Group 13 (Al and Ga) 

Carbenoids Capable of Small Molecule Activation 

4.48 

  [4.2.1] Introduction 4.48 

  [4.2.2] Computational Details 4.50 

  [4.2.3] Results and Discussion 4.51 

   [4.2.3.1] Activation of Dihydrogen 4.57 

   [4.2.3.2] Activation of Diphenylphosphine 4.61 

   [4.2.3.3] Activation of Silane (SiH3Ph) 4.67 

   [4.2.3.4] Activation of Hexafluorobenzene 4.74 

   [4.2.3.5] Reaction with Acetylene  4.79 

  [4.2.4] Conclusions 4.88 

  [4.2.6] Bibliography 4.89 



xxvii 

 

Chapter 5 Understanding, Modulating and Leveraging Transannular 

MZ Interactions 

5.1-5.38 

 [5.1] Introduction 5.1 

 [5.2] Computational Details 5.2 

 [5.3] Results and Discussion 5.4 

 [5.4] Topological Analysis 5.22 

 [5.5] EDA-NOCV Analysis 5.26 

 [5.6] Conclusions 5.30 

 [5.7] Bibliography 5.31 

Chapter 6 Screening the Potential of Tripodal Vanadium Complexes 

toward Dinitrogen Reduction Process 

6.1-6.47 

 [6.1] Introduction 6.1 

 [6.2] Computational Details 6.4 

 [6.3] Results and Discussion 6.6 

  [6.3.1] Formation of the Diazenido Complex 6.6 

  [6.3.2] Formation of the Nitride Complex 6.19 

  [6.3.3] Release of Hydrazine 6.21 

  [6.3.4] Nitrogen Reduction Reaction (NRR) with 

[1c] 

6.22 

  [6.3.5] Dissociation of NH3 and Addition of N2 6.37 

 [6.4] Conclusions 6.39 

 [6.5] Bibliography 6.40 

 [7.1] List of Publications 7.1 

 [8.1] List of Conferences attended 8.1 

 

 


	03_content

