
Contents

IT 1 ELECTRON STATES

1 The Quantum-Mechanical Basis

A. Quantum Mechanics
B. Electronic Structure of Atoms
C. Electronic Structure of Small Molecules
D. The Simple Polar Bond
E. Diatomic Molecules

2 Electronic Structure of Solids
A. Energy Bands
B. Electron Dynamics
C. Characteristic Solid Types
D. Solid State Matrix Elements
E. Calculation of Spectra

r 11 COVALENT SOLIDS

3 Electronic Structure of Simple Tetrahedral Solids

A. Crystal Structures
B. Bond Orbitals
C. The LCAO Bands
D. The Bond Orbital Approximation and Extended Bond Orbitals
E. Metallicity
F. Planar and Filamentary Structures

1

2

3
8

16
20
22

31
32
36
38
46
55

59

61
62
64
71
80
88
90



xii Contents

4 Optical Spectra 96

A. Dielectric Susceptibility 97
B. Optical Properties and Oscillator Strengths 100
C. Features of the Absorption Spectrum 105

110

5 Other Dielectric Properties 118

A. Bond Dipoles and Higher-Order Susceptibilities 118
B. Effective Atomic Charge 124
C. Dielectric Screening 127
D. Ternary Compounds 129
E. Magnetic Susceptibility 131

6 The Energy Bands 137

A. Accurate Band Structures 138
B. LCAO Interpretation of the Bands 142
C. The Conduction Bands 151
D. Effective Masses 155
E. Impurity States and Excitons 163

7 The Total Energy 167

A. The Overlap Interaction 168
B. Bond Length, Cohesive Energy, and the Bulk Modulus 171
C. Cohesion in Polar Covalent Solids 173

8 Elasticity

A. Total Energy Calculations
B. Rigid Hybrids
C. Rehybridization
D. The Valence Force Field

9 Lattice Vibrations 203

A. The Vibration Spectrum 204
B. Long Range Forces 210
C. Phonons and the Specific Heat 215
D. The Transverse Charge 218
E. Piezoelectricity 224
F. The Electron-Phonon Interaction 225

10 Surfaces and Defects

A. Surface Energy and Crystal Shapes
B. Surface Reconstruction
C. The Elimination of Surface States, and Fermi Level Pinning
D. Adsorption of Atoms and the 7 x 7 Reconstruction Pattern
E. Defects and Amorphous Semiconductors
F. Photothresholds and Heterojunctions

180
181
185
191
193
197

229
230
233
243
247
249
252



Contents xiii

11 Mixed Tetrahedral Solids

A. Tetrahedral Complexes
B. The Crystal Structure and the Simple Molecular Lattice
C. The Bonding Unit
D. Bands and Electronic Spectra
E. Mechanical Properties
F. Vibrational Spectra
G. Coupling of Vibrations to the Infrared

r 111 CLOSED-SHELL SYSTEMS

12 Inert-Gas Solids

A. Interatomic Interactions
B. Electronic Properties

13 Ionic Compounds 299
A. The Crystal Structure 299
B. Electrostatic Energy and the Madelung Potential 303
C. Ion-Ion Interactions 307
D. Cohesion and Mechanical Properties 309
E. Structure Determination and Ionic Radii 314

14 Dielectric Properties of Ionic Crystals
A. Electronic Structure and Spectra
B. Dielectric Susceptibility
C. Effective Charges and Ion Softening
D. Surfaces and Molten Ionic Compounds

IV OPEN-SHELL SYSTEMS

15 Simple Metals
A. History of the Theory
B. The Free-Electron Theory of Metals
C. Electrostatic Energy
D. The Empty-Core Pseudopotential
E. Free-Electron Energy
F. Density, Bulk Modulus, and Cohesion

16 Electronic Structure of Metals

A. Pseudopotential Perturbation Theory
B. Pseudopotentials in the Perfect Lattice
C. Electron Diffraction by Pseudopotentials
D. Nearly-Free-Electron Bands and Fermi Surfaces
E. Scattering by Defects
F. Screening

257
258
261
263
267
275
277
282

289

291

292
295

318
319
326
331
336

339

341
342
345
349
350
353
354

359
360
364
367
369
373
376



xiv Contents

17 Mechanical Properties of Metals

A. The Band-Structure Energy
B. The Effective Interaction Between Ions, and Higher-Order Terms
C. The Phonon Spectrum
D. The Electron-Phonon Interaction and the Electron-Phonon

Coupling Constant
E. Surfaces and Liquids

383
384
386
390

396
399

18

19 Transition-Metal Compounds

A. d States in Solids
B. Monoxides: Multiplet d States
C. Perovskite Structures; d Bands
D. Other Compounds
E. The Perovskite Ghost
F. The Chemical Grip
G. The Electrostatic Stability of Perovskites
H. The Electron-Electron Interaction

Pseudopotential Theory of Covalent Bonding
A. The Prediction of Interatomic Matrix Elements
B. The Jones Zone Gap
C. Covalent and Polar Contributions
D. Susceptibility
E. Bonding Properties
F. Ionic Bonding
G. Interfaces and Heterojunctions

407
408
410
416
419
421
424
425

430

431
433
438
452
455
459
468
471

20 Transition Metals 476

A. The Bands 477
B. The Electronic Properties and Density of States 488
C. Cohesion, Bond Length, and Compressibility 494
D. Muffin-Tin Orbitals and the Atomic Sphere Approximation 500
E. d Resonances and Transition-Metal Pseudopotentials 508
F. Local Moments and Magnetism 520

APPENDIXES

A. The One-Electron Approximation
B. Nonorthogonality of Basis States
C. The Overlap Interaction
D. Quantum-Mechanical Formulation of Pseudopotentials
E. Orbital Corrections

531
536
539
543
546

Solid State Table of the Elements

Bibliography and Author Index 551

Subject Index 567


