
Contents

1. Introduction 1
Aims of the book 1
The 'universal' equation of state for metals 1
Structure maps 9
The hydrogen atom 9
Metals, semiconductors, and insulators 20
References 20

2. The diatomic molecule 21
Review of bras, kets, and all that 21 
A homonuclear diatomic molecule: the hydrogen molecule 25
A heteronuclear diatomic molecule 32
Electronegativity 34
Bond energy and bond order 35
Reference 37

3. From the finite to the infinite 38
Chain molecules and fc-space 38
Bond order in an infinite system 52
The density of states: total and local 58
Band energy and bond energy 63
The moments theorem 66
The binary AB alloy 72
References 73

4. Into two and three dimensions 74
Solids as giant molecules 74
The square lattice 74
The cubic lattice 78
Brillouin zones for the f.c.c and b.c.c. lattices 78 
Equation of motion of an electron under an external force 80
Holes 84
The Fermi surface 87 
The density of states in two- and three-dimensional crystals 88 
The density matrix, bond order, and bond energy 92 
The moments theorem applied to two- and three-dimensional

crystals 97



xiv Contents

5. Band gaps: origins and consequences 101
Introduction 101
Infinite linear chain with two s states per atom 103
Energy gap in a binary AB alloy linear chain crystal 106
Peierls distortions 107
Metals, insulators, and the metallic bond 109

6. s-p bonding a case study in silicon 112
s-p bonding 112
s-p bonding between two silicon atoms 113
Angular dependence of s-p and p-p hopping integrals 116
sp hybrids 117 
Simple models of the electronic structure of tetrahedrally

bonded silicon 122 
The band structure of silicon in a minimal atomic basis set 124 
The bond order and bond energy in silicon in a minimal atomic

basis set 127
References 131

7. Free electron theory 132
Introduction to free electron theory 132
The free electron approximation 133
Electrons in a box 135
Density of states 138
Free electron bands and LCAO bands 139
The nearly free electron model 144
The pseudopotential 151
Screening 153
Exchange and correlation 155
References 157

8. Properties of free electron metals 158
Fermi-Dirac statistics 158
Contact potential 159
Electronic specific heat 160
Electrical conductivity of metals 162
Thermal conductivity of metals 164
The Wiedemann-Franz law 164
The Hall effect 165 
The cohesive energy of simple metals and its volume dependence 166
Structural energy differences 169
Reference 171



Contents xv
9. The transition metals 172

The transition metals 172
The Friedel model 174
The Friedel model in the second moment approximation 175 
Finnis-Sinclair potentials for computer simulations of

transition metals 179
d-d bonding 183 
Changes in crystal structure across the transition metal series 187
Bonding in metallic alloys 189
References 193

10. Structural stability of compounds 194
Hybridization and crystal structural stability 194
Atomic factors influencing the structures of compounds 197
Structure maps 198
Applications of structure maps 201
References 203

11. Introduction to modern quantitative theory 204
Modern quantitative predictions of crystal structure and

stability 204
The Born-Oppenheimer approximation 205
Outline of density functional theory 205
Applications 209
References 214

12. Where band theory breaks down 215
Electrons in noncrystalline materials 215
The energy gap in amorphous silicon 219
Electron localization 221
Polarons 222
Anderson localization 224
Metal-insulator transitions, or, what is a metal? 225
References 235

Problems 236

Sample examination questions 250

Index 257


