
Contents

1 List of Author’s Publications 1

2 Theory 2

2.1 Quantum Chem istry....................................................................... 2
2.1.1 Quantum Mechanical Postulates and Theorems ..............  5
2.1.2 The Born-Oppenheimer Approximation ............................  7
2.1.3 The LCAO-MO Approximation ..........................................  8
2.1.4 Basis Sets .............................................................................10
2.1.5 The Hartree-Fock Method...................................................... 13
2.1.6 Post-Hartree-Fock Methods................................................... 18
2.1.7 Semi-empirical Methods......................... 19
2.1.8 Density Functional Theory......................................................21
2.1.9 Geometry Optim ization.........................................................22
2.1.10 Classical MD Simulations......................................................23

2.2 State of the Field of QM/MM Simulations for Electrochemistry . . .  23

3 Implementation 26

3.1 General Remarks on Development................................................... 26
3.1.1 Supported Build Environment................................................ 27

3.2 Program Layout..................................................................................27
3.2.1 The Atom C la s s ....................................................................30
3.2.2 The Box C la s s .......................................................................32
3.2.3 The Partitioner Class.............................................................. 34
3.2.4 The Interface C lasses........................................................... 34
3.2.5 The Qreg Class.......................................................................36

3.3 Embedding........................................................................................38
3.3.1 Embedding Statements.........................................................39

http://d-nb.info/1140739468


3.4 Periodic Boundary Conditions............................................................41
3.4.1 PBC Abstractions ................................................................. 42

3.4.2 Pseudo-periodicity Code .............. 44
3.5 Cutoff Conventions and Neighbor-lists..............................................48

3.5.1 How to Configure the Neighbor-list Scheme..........................49
3.6 Thermostat........................................................................................ 49

3.6.1 Modular MD Driver................................................................. 51
3.7 Interface..............................................................................................56

3.7.1 How to Use Currently Implemented Interfaces....................... 56
3.7.2 Example Implementation: The Orca Interface....................... 60

3.8 Buffer Region............................................................................ ..  . 71
3.8.1 How to Configure the Buffer R e g io n ..................................... 73
3.8.2 Buffer Region C o d e ...............................................................73

3.9 Run-time Configuration .................................................................... 78
3.9.1 Configuration File ................................................................. 78
3.9.2 Configuration Examples.........................................................82
3.9.3 Running Calculations............................................................86

3.10 Concerning Debugging .................................................................... 87
3.10.1 Modular Logging.................................................................... 87

3.10.2 Sanity C h e cks ............................................. 88
3.11 An Excursion to Lock-free Multithreading in Modern C++................. 89

3.11.1 Operations in Parallel Computing...........................................90
3.11.2 C++11/14 Abstractions Involving Concurrency .................92

4 First Published Results 107

4.1 Example 1: Tracing a Lithium-Ion.....................................................108
4.1.1 Input and Algorithms............................................................. 110
4.1.2 Results: Li in Propylene Carbonate......................................114
4.1.3 Results: Li in Ethylene Carbonate .......................................116
4.1.4 D iscussion........................................................................... 120

4.2 Example 2: Localizing Charge Within a QM Region........................ 121
4.2.1 R e su lts ................................................................................. 123
4.2.2 D iscussion........................................................................... 126



5 Supporting Projects 127

5.1 A Conventional QM-based S tud y ...................................................127
5.1.1 Computational Deta ils.......................................................... 127
5.1.2 Extrapolating Ionization Potentials and Electron Affinities . 128

5.1.3 R esu lts .................................................................................129
5.2 Converging QM-based Calculations with MM-based Simulations . 132

5.2.1 Insights into Bulk Electrolyte Effects on the Operative Volt
age of Electric Double-Layer Capacitors.............................. 132

5.2.2 Computational Deta ils.......................................................... 132
5.2.3 R esu lts .................................................................................134
5.2.4 D iscussion........................................................................... 140

5.3 Integrating QM calculations within MM-based Simulations............. 140
5.3.1 Using the Lookup L ib ra ry .....................................................141
5.3.2 Population of the Data S e ts .................................  142
5.3.3 Performing the Lookup Operations...................................... 143
5.3.4 Example Code Using the Lookup L ib ra ry ........................... 145
5.3.5 Availability..............................................................................146

5.4 Outlook on Future Advanced Adaptive QM/MM Studies in Electro
chemistry ......................................................................................... 146
5.4.1 Abstract.................................................................................146
5.4.2 Introduction........................................................................... 147
5.4.3 Methodological Considerations............................................ 148
5.4.4 Details of the Calculations.................................................... 150
5.4.5 Results and Discussion...................... ...............................151
5.4.6 Conclusions........................................................................... 158

6 Summary 159

Acknowledgment 160

Bibliography 162


