Contents

Chapter 1 Univariate and Multivariate Statistical Approaches
to the Analysis and Interpretation of
NMR-based Metabolomics Datasets
of Increasing Complexity
Benita Percival, Miles Gibson, Justine Leenders,
Philippe B. Wilson and Martin Grootveld

151
1.2
1.3
1.4

1.5

1.6

1.7
1.8

1.9

Introduction

Brief Introduction to Metabolomics

Experimental Design for NMR Investigations

Preprocessing of Metabolomics Data

1.4.1 Spectral Prediction in Positive Signal
Identification

1.4.2 Statistical Methodologies Applied to
NMR Spectra

Univariate Data Analysis

1.5.1 ANOVA, ANCOVA and Their Relationships
to ASCA

Multivariate Analysis

1.6.1 Principal Component Analysis

1.6.2 Partial-least Squares Discriminatory
Analysis

Metabolic Pathway Analysis

Further Important Considerations: Accuracy and

Precision

Multivariate Power Calculations

1.10 Future Scope of Metabolomics Research

O Ul =

13

16
16

18
alie
20

22
28

28
30
33

Theoretical and Computational Chemistry Series No. 20
Computational Techniques for Analytical Chemistry and Bioanalysis
Edited by Philippe B. Wilson and Martin Grootveld

© The Royal Society of Chemistry 2021

Published by the Royal Society of Chemistry, www.rsc.org

xi



xii

Chapter 2

Chapter 3

1.11 Conclusions
List of Abbreviations
Acknowledgements
References

Recent Advances in Computational NMR
Spectrum Prediction
Abril C. Castro and Marcel Swart

2.1 Introduction and Scope
2.2 Calculation of NMR Chemical Shifts
2.3 Influence of Conformational Effects on
NMR Shielding Constants
2.4 Influence of Environmental Effects on
NMR Shielding Constants
2.5 Relativistic Effects on NMR Chemical Shifts
2.6 Molecular Orbital Analysis for Understanding
Chemical Shieldings
2.7 Electron Paramagnetic Resonance Spectroscopy
2.8 Conclusions
Acknowledgements
References

Computational Vibrational Spectroscopy:

A Contemporary Perspective

Diego J. Alonso de Armifio, Mariano C. Gonzalez Lebrero,
Damidn A. Scherlis and Dario A. Estrin

3.1 Introduction
3.2 Fundamentals of Computational Vibrational
Spectroscopy
3.2.1 The Harmonic Approximation
3.2.2 Intensities Calculations
3.3 Beyond the Harmonic Approximation: Advanced
Techniques in Vibrational Spectroscopy
3.3.1 Motivation
3.3.2 The Watson Hamiltonian
3.3.3 Vibrational Self-consistent Field
3.3.4 Vibrational Configuration Interaction
3.3.5 Vibrational Perturbation Theory
3.3.6 Vibrational Coupled Clusters
3.3.7 Latest Developments and Applications

Contents

34
34
35
35

11

41
43

46

47
54

56
58
59
60
60

69

69

70
70
72

76
76
78
80
83
85
87
89



Contents

Chapter 4

Chapter 5

3.4 Computational Vibrational Spectroscopy in
Complex Environments
3.4.1 Multiscale Methods for General Vibrational
Spectroscopy
3.4.2 Hybrid Models for Surface-enhanced Raman
Spectroscopy
3.5 Concluding Remarks
References

Isotope Effects as Analytical Probes: Applications of
Computational Theory
Piotr Paneth and Agnieszka Dybala-Defratyka

4.1 Introduction
4.1.1 Isotope Effects: What Are They?
4.1.2 Theory of Isotope Effects: How Do
We Compute Them?
4.1.3 Beyond Transition State Theory
4.2 Examples
4.2.1 Kinetic Isotope Effects in Multipath VTST:
Application to a Hydrogen Abstraction
Reaction
4.2.2 Comparison of Different QM/MM
Approaches: Nitrobenzene Dioxygenase
4.2.3 Hydrolysis of B-Hexachlorocyclohexane
by LinB
4.2.4 Binding Isotope Effects
4.2.5 Vapor Pressure Isotope Effects (VPIEs)
Predicted Using the Path Integral Formalism
4.2.6 Isotope Effects Associated with Adsorption
on Graphene
Acknowledgements
References

Applications of Computational Intelligence Techniques
in Chemical and Biochemical Analysis

Miles Gibson, Benita Percival, Martin Grootveld,

Katy Woodason, Justine Leenders, Kingsley Nwosu,

Shina Caroline Lynn Kamerlin and Philippe B. Wilson

5.1 Historical Use of Artificial Intelligence
5.2 Early Adoption in the Chemistry and
Bioanalysis Areas

xiii

97

97

100

103
103

125

125
125

130

132

136

137

139

142
143

146

148

150
150

155

155

159



Xiv

Chapter 6

Contents

5.3 Recent Applications of Machine Learning

in Chemistry 161

5.3.1 Support Vector Machines 162

5.3.2 Neural Networks 166

5.3.3 k Nearest Neighbours 170

5.3.4 Decision Trees 171

5.3.5 Naive Bayes Classifiers 173

5.3.6 Linear Regression 174

5.3.7 k-means Clustering 176

5.3.8 Self-organising Maps 178

5.3.9 Hierarchical Clustering 179

5.3.10 Independent Component Analysis 182

5.3.11 Deep Learning 183
5.3.12 Quantum Computing and Applications

in Chemical Analysis 186

5.3.13 Particle Swarm Optimisation 187

5.4 Conclusions 191

List of Abbreviations 191

Acknowledgements 193

References 193

Computational Spectroscopy and Photophysics

in Complex Biological Systems: Towards

an In Silico Photobiology , 202
Antonio Francés-Monerris, Marco Marazzi,

Vanessa Besancenot, Stéphanie Grandemange,

Xavier Assfeld and Antonio Monari

6.1 Introduction 202
6.2 Computational Modelling and QM/MM
Techniques 205
6.2.1 QM/MM Frontier 208
6.2.2 QM/MM Embedding 209
6.3 Linear Spectroscopy in Chemical and Biological
Systems 209
6.3.1 Analysing the Excited States PES: A
Computational Perspective 210

6.3.2 Practical Guidelines to Model Light
Absorption and Emission in Complex

Environments 213
6.3.3 Practical Case Study: Interaction Between
Drugs and DNA 220

6.4 Modelling Circular Dichroism Spectroscopy 220



Contents XV

6.5 Photochemistry and Photobiology in

Complex Environments 223
6.5.1 Computing Potential Energy Surfaces
in Complex Environments 223
6.5.2 Photochemistry and Photobiology of Complex
Systems Under the Dynamic Approach 225
6.6 Conclusion 238
Acknowledgements 239
References 239

Chapter 7 Bridging the Gap Between Atomistic Molecular
Dynamics Simulations and Wet-lab Experimental
Techniques: Applications to Membrane Proteins 247
Lucie Delemotte

7.1 Classical Molecular Dynamics Simulations 247
7.1.1 MD Simulation Algorithm 248
7.1.2 Force Fields and the Potential Energy

Function 252
7.1.3 Enhanced Sampling Simulations Schemes 254

7.2 Interfacing MD Simulations and
Experimental Results 258
7.2.1 Forward Modelling 258
7.2.2 Reweighting Schemes 259

7.3 Case Studies: Applications to Membrane
Protein Function 262
7.3.1 Testing Predictions from MD Simulations 263
7.3.2 Using MD Simulations to Interpret

Experimental Measurements 270

7.3.3 Guiding Processes Using Experimental
Data-driven Enhanced Sampling MD

Simulations 278
7.4 Conclusions 278
Acknowledgements 279
References 279

Chapter 8 Solid State Chemistry: Computational Chemical
Analysis for Materials Science 287
Estelina Lora da Silva, Sandra Galmarini, Lionel Maurizi,
Mario jorge Cesar dos Santos, Tao Yang,
David J. Cooke and Marco Molinari

8.1 Introduction 288



8.2

8.3

8.4

Computational Spectroscopy: Interaction Between

Matter and Electromagnetic Radiation

8.2.1 Physical and Chemical Properties of
Biomaterials

8.2.2 Absorption Spectroscopy: Opto-electronical
Properties

8.2.3 Inelastic Scattering: Lattice Dynamics and
Raman Spectroscopy

8.2.4 Resonance Spectroscopy

Computational Techniques for Biocompatible

Materials

8.3.1 Overview of Surface Properties

8.3.2 Surface Adsorption and Surface
Functionalization

8.3.3 Special Case of Nanoscale Materials

Summary and Conclusions

References

Chapter 9 Electron Spin Resonance for the Detection
of Paramagnetic Species: From Fundamentals
to Computational Methods for Simulation
and Interpretation
Inocencio Martin, Leo Martin, Anwesha Das,
Martin Grootveld, Valentin Radu,
Melissa L. Mather and Philippe B. Wilson

9.1
9.2
9.8
9.4

9.5
9.6

9.7
9.8
9.9

Introduction

Theory

Fine Structure in ESR Spectroscopy
Quantum Mechanical Consideration
of ESR Theory

Interpretation

Early Work in the Simulation of ESR
Spectral Parameters

Progress in Density Functional Theory Approaches
Spectral Simulation and Fitting
Conclusions

Acknowledgements
References

Subject Index

Contents

288

289

201

294
298

305
305

312
315
318
319

335

335
337
342

346
348

353
354
356
359
359
359

362



