Contents

1 Introduction.......... ... ... . . . . . . 1
2 The Hamiltonian ............ ... ... ... ... . ... ... ... ....... 5
2.1 The Schrodinger Equation . ........ ... oo o i 5
2.2 Born—Oppenheimer Approximation ....................... 7
2.3 Structure of the Hamiltonian............................. 8
EXercises .. ... 18
3  Electronic Structure Methods and Total Energies......... 21
3.1 Hartree-Fock Theory ........ .. .. ... .. . . . . . ... 21
3.2 Quantum Chemistry Methods .. ........ .. ... .. .. ... ... 31
3.3 Density Functional Theory ........ ... .. .. .. .. .. ... ... 36
3.4 Pseudopotentials ........ ... 43
3.5 Implementations of Density Functional Theory ............. 46
3.6  Further Many-Electron Methods................. ... ... ... 51
3.7 Tight-Binding Method ......... .. ... .. .. .. .. .. ... ... 52
Exercises .. ... 59
4  Structure and Energetics of Clean Surfaces ............... 59
4.1 Electronic Structure of Surfaces .......... ... ... ... ... ... 59
4.2 Metal Surfaces ......... .. .. 65
4.3 Semiconductor Surfaces ........... .. ... 74
4.4 Tonic Surfaces . ... ... 82
4.5 Interpretation of STM Images............ ... .. .. .. ... ... 89
4.6 Surface Phonons ........ ... . .. . 92
Exercises . ... 96
5 Adsorption on Surfaces ............ .. .. .. . L 101
5.1 Potential Energy Surfaces ......... .. ... ... ... ... 101
5.2 Physisorption ...... ... 103

5.3 Newns—Anderson Model ......... .. ... . . .. .. 110



XII

Contents

5.4 Atomic Chemisorption ............... ... 116
5.5 Effective Medium Theory and Embedded Atom Method . . ... 122
5.6 Reactivity Concepts . .........ooiuiiiiinii . 129
5.7 Adsorption on Low-Index Surfaces........................ 135
5.8 Adsorption on Precovered Surfaces ....................... 143
5.9 Adsorption on Structured Surfaces........................ 146
5.10 Adsorbate Structures at Non-zero Temperatures

and Pressures .......... . 152
5.11 Reactions on Surfaces . ..., 157
Exercises . ... 161
Surface Magnetism ........ ... ... .. .. .. i 165
6.1 Exchange Interaction .......... .. ... .. .. .. .. . .. ... 165
6.2 Spin-density Formalism ........ .. ... .. .. .. .. . .. ... 170
6.3 Two-dimensional Ferro- and Antiferromagnetism ........... 172
6.4 Frustrated Spin Structures.............. ... .. .. ... 177
6.5 Magnetic Nanostructures on Surfaces ..................... 178
Exercises . ... 183
Gas-Surface Dynamics ........ ... .. .. .. i i 185
7.1 Classical Dynamics ............iiiiiiiiiiiinin.. 185
7.2 Quantum Dynamics .......... .. .. .. .. . i 187
7.3 Parameterization of ab initio Potentials ................... 192
7.4 Scattering at Surfaces .. ....... ... ... ... 195
7.5 Atomic and Molecular Adsorption on Surfaces ............. 201
7.6 Dissociative Adsorption and Associative Desorption......... 211
7.7 The Full Concert: Molecular and Dissociative Adsorption

and Scattering . ........ ... .. . 228
Exercises . ... 235
Kinetic Modeling of Processes on Surfaces................ 239
8.1 Determination of Rates ........ ... ... ... ... ... ... ..... 239
8.2 Diffusion ...... ... .. 243
8.3 Kinetic Lattice Gas Model .. ....... ... .. ... ... ......... 246
8.4 Kinetic Modelling of Adsorption and Desorption............ 248
8.5 Growth ... ... 253
8.6 Reaction Kinetics on Surfaces .............. ... ... ....... 267
Exercises . ... 271
Electronically Non-adiabatic Processes.................... 275
9.1 Determination of Electronically Excited States ............. 275
9.2 Electronic Excitation Mechanisms at Surfaces .............. 278
9.3 Reaction Dynamics with Electronic Transitions............. 279
9.4 Electronic Friction Effects ... ..... ... ... ... ... ... .. ..... 281
9.5 Electronic Transitions ... .........c .. 286

EXercises . ... 293



Contents  XIII

10 Perspectives .. ... 297
10.1 Solid-liquid Interface . ......... .. .. .. .. i 297
10.2 Nanostructured Surfaces........... ... .. .. ... ... ........ 299
10.3 Biologically Relevant Systems ............. ... ... ... ..... 302
10.4 Industrial Applications .. ......... .. ... . ... 304

References. . ... ... . 307

Index . ... 337



2 Springer
http://www.springer.com/978-3-540-68966-9

Theoretical Surface Science
A Microscopic Perspective
Grofs, A,

2009, X, 342 p., Hardcover
ISBEN: 278-3-540-6B8966-9



