
Takehiko Mori

Electronic Properties
of Organic Conductors

4^ Springer



Contents

1 Quantum Chemistry of Molecules 1

1.1 Principles of Quantum Mechanics 1

1.2 Conversion of Energy Units 4

1.3 Wave Equations 5

1.4 Atomic Orbitals 8

1.5 Molecular Orbitals 14

1.5.1 Polar Bonds 17

1.5.2 Diatomic Molecules 19

1.5.3 Huckel Approximation 22

1.6 Symmetry Orbital 32

1.7 Properties of Eigenvalues and Eigenfunctions 48

1.8 Uncertainty Principle 56

1.9 Analytical Mechanics and Phase 58

References 60

2 Quantum Chemistry of Solids 61

2.1 Tight-Binding Approximation 61

2.2 Free-Electron Model 69

2.3 Fermi Distribution 76

2.4 Relation Between the Tight-Binding Approximation
and the Free-Electron Model 84

2.5 Two-Dimensional Energy Band 86

2.6 Tight-Binding Approximation for General Crystals 89

2.7 Brillouin Zone 93

2.8 Fermi Surface of Metals 96

2.9 Fermi Surface of Low-Dimensional Metals 98

References 108

3 Transport Properties 109

3.1 Energy Band and Transport Properties 109

3.1.1 Group Velocity 109

vii



viii Contents

3.1.2 Effective Mass Ill

3.1.3 Relaxation Time 114

3.1.4 Hall Effect 115

3.1.5 Thermal Conductivity 117

3.2 Optical Response of Metals 119

3.3 Semiconductor 121

3.4 Quantum Oscillation and Observation of the Fermi Surface 124

3.5 Magnetoresistance 133

3.6 Transport Equation and Thermoelectric Power 139

3.7 Quantum Hall Effect 149

References 150

4 Magnetism 153

4.1 Molecular Orbitals of Transition-Metal Compounds 153

4.2 Diamagnetism 158

4.3 Paramagnetism 161

4.4 Pauli Paramagnetism 163

4.5 Ferromagnetism 165

4.6 Antiferromagnetism 169

4.7 Low-Dimensional Magnetism 172

4.8 Magnetic Frustration 174

4.9 7td System 175

4.10 Molecular Magnetism 179

References 182

5 Electron Correlation 183

5.1 Molecular Orbital Theory Considering
the Coulomb Interaction 183

5.2 Electron Correlation in the Molecular Orbital Theory 190

5.3 Creation Annihilation Operators 192

5.4 Electron Correlation in Solids 194

5.5 Origin of Magnetic Interaction 198

5.6 Conducting Metal Oxides 204

5.7 Hubbard Model 206

5.7.1 Stoner Model 206

5.7.2 Hartree-Fock Approximation of the Hubbard Model . . . 208

5.7.3 Exact and Approximate Solutions of the Hubbard

Model 210

5.8 Charge Order 212

5.9 Kondo Effect 217

5.10 Anderson Localization in a Disordered System 221

References 225

6 Superconductivity 227

6.1 Perfect Diamagnetism 227

6.2 Energy Gap 232



Contents ix

6.3 Ginzburg-Landau Expansion 235

6.4 Type-II Superconductor 239

6.5 Coulomb Repulsion in a Metal 243

6.6 Microscopic Theory of Superconductivity 244

6.7 Anisotropic Superconductivity 249

6.8 Phase Diagram in a One-Dimensional System 251

References 252

7 Charge-Transfer Complexes 253

7.1 Requirements for Organic Conductors 253

7.2 Charge-Transfer Complex 256

7.3 Basic Charge-Transfer Complexes 262

7.4 (TTF)(TCNQ) 265

7.5 TMTSF 270

7.6 Metal-Insulator Transitions in Organic Conductors 272

7.7 BEDT-TTF 276

7.7.1 (3-Structure 278

7.7.2 p'-Structure 279

7.7.3 ^''-Structure 280

7.7.4 e-Structure 282

7.7.5 a-Structure 285

7.7.6 K-Structure 288

7.7.7 5-Structure 290

7.8 Organic Superconductivity 291

7.8.1 rcd-Superconductors 292

7.8.2 Superconductors of Other Donors 295

7.8.3 t-Structure 297

7.9 Conducting Metal Complexes 298

7.10 Synthesis of Charge-Transfer Complexes 303

References 305

8 Organic Semiconductors 311

8.1 Photoconductivity: Electrophotography and Time-of-Flight
Mobility 311

8.2 Space Charge Limited Current 314

8.3 Relaxation Time of Carriers 316

8.4 Ionization of Traps 317

8.5 Diode 319

8.6 Schottky Junction 322

8.7 Photoelectron Spectroscopy 324

8.8 Organic Light-Emitting Diode 329

8.9 Thin-Film Field-Effect Transistors 333

8.10 Organic Transistors 335



x Contents

8.11 Organic Solar Cells 344

8.12 Synthesis of Conducting Polymers 347

References 350

Appendix 353


