
Contents

Chapter1

Introduction to Highly Conducting One-Dimensional Solids

A. J.Berlinsky

1.Introduction 1
2. Some PreliminaryThoughts 1
3. ExcitonicSuperconductivity 3
4. TCNQ Saltsand KCP 4
4.1.NMP-TCNQ 5
4.2.TTF-TCNQ 5
4.3.KCP 6
5.TTF-TCNQ andTSeF-TCNQ 7
5.1.StructuralTransitionsin TTF-TCNQ 7
5.2.ElectromagneticPropertiesofTTF-TCNQ 8
5.3.ESR and AlloysofTTF-TCNQ andTSeF-TCNQ 9
6. Theory 10

7. Some ConcludingThoughts 12
References 13

Chapter2

X-Ray and Neutron Scatteringfrom One-Dimensional Conductors

R. Comes and G. Shirane

1.Introduction 17

1.1.LatticeInstabilitiesandPhonon Anomalies 17
1.2.X-Ray DiffuseScattering 22
1.3.NeutronScattering 27

2. StructuralStudiesofKCP and RelatedPlatinumChainComplexes 28
2.1.Structureand One-DimensionalElectricalPropertiesofKCP 29
2.2.X-Ray DiffuseScatteringfromKCP 31
2.3.NeutronScatteringStudiesofKCP 33
2.4.StudyofOtherPlatinumComplexes 42
3. StructuralStudiesofOrganicOne-DimensionalConductors 43
3.1.StructureandTTF-TCNQ Crystals 44
3.2.High-TemperaturePrecursorScatteringin TTF-TCNQ 46
3.3.The ModulatedPhasesofTTF-TCNQ 54



3.4. Spin Waves in TTF-TCNQ? 58

3.5. The Interpretationof the Sequence of Modulated Phases in TTF-TCNQ 59

3.6. Study of Other Organic One-Dimensional Conductors 61

4. Concluding Remarks 62

References and Notes 64

Chapter 3

Charge-Density Wave Phenomena in One-Dimensional Metals:

TTF-TCNQ and Related Organic Conductors

A. J. Heeger

1. Introduction 69

2. Strength of Interactions; Bandwidth, Electron-Electron and Electron-Phonon

Interactions 77

2.1. One-Electron Energies; Band Structure 77

2.2. Electron-Electron Interactions:Nuclear Magnetic Resonance and Magnetic

Susceptibility 80

2.3. Electron-Phonon Interaction 87

3. The PeierlsInstabilityin TTF-TCNQ: StructuralAspects and Phonon Softening 93

4. The Pseudogap: Optical Properties 97

5. ElectricalConductivity 105

5.1. DC Measurements 105

5.2. Microwave Measurements 120

6. The Transition Region 38°K<T<54°K 122

7. The Pinned Regime at Low Temperatures 127

8. Nonlinear Transport in TTF-TCNQ at Low Temperatures 131

9. Conclusion 138

References and Notes 140

Chapter 4

The Organic Metals (TSeF)x(TTF)1_x-TCNQ―A Systematic Study

T. D. Schultz and R. A. Craven

1. Introduction 147

2. Preparation, Characterization,and LatticeStructure 149

3. Phase Diagram 154

4. MetallicPhase, T>Tc1 156

4.1. Transport Properties 156

4.2. Magnetic Properties 166

4.3. Phonon Anomalies 176

5. Metal-Semiconductor Phase Transition 183

5.1. Variation of Transition Temperature Tc1 with Alloying 184

5.2. Thermodynamics and CriticalBehavior of the Metal-Semiconductor Phase

Transition 189

6. Semiconducting Phase, r<7*c1 196

6.1. Transport Propertiesin the Semiconducting Phase 197

6.2. Magnetic Properties 202

6.3. Superlatticesand Phonon Anomalies 206



7. Summary 217
Referencesand Notes 219

Chapter5

Perturbation Approach to LatticeInstabilitiesin

Quasi-One-Dimensional Conductors

L. J.Sham

1.Introduction 227
2.The One-DimensionalElectron-PhononSystem 228
3. Fluctuationsin theOne-DimensionalSystem 232
4. EffectsofInterchainCoupling 236
5. EffectsofImpurities 239
Referencesand Notes 243

Chapter6
Theory of the One-Dimensional Electron Gas

V. J.Emery

1. BasicPhysics 247
1.1.Introduction 247
1.2.PhaseTransitionsand Long-RangeOrder 248
1.3.MathematicalModel 250
1.4.StrongCoupling 252
2. SpinlessFermions 255
2.1.DefinitionoftheContinuumLimit 255
2.2.BosonRepresentationsand theFreeEnergy 258
2.3.Boson RepresentationsofFermionFields 263
2.4.CorrelationFunctionsoftheInteractingSystem 267
3. Large"On-Site"Interaction 271
3.1.AttractiveInteraction 271
3.2.RepulsiveInteraction 274
3.3.CorrelationFunctions 274
4. ContinuumLimit―EnergyGaps ■276
4.1.SeparationofChargeand SpinDegreesofFreedom 277
4.2.ReductiontoSpinlessFermions 278
4.3.SolutionoftheSpinlessFermionProblems 280
4.4.CorrelationFunctions 283
4.5.RelationshiptoOtherProblems 286
5. RenormalizationGroup Method 289
5.1.ScalingEquations 290
5.2.TrajectoriesandEnergyScales 291
5.3.Low-TemperatureProperties 294
5.4.Four-ParticleFunctions 297
AppendixA: Some ResultsThatAre UsefulforWorkingwithBoson

Representations 299
AppendixB: AnticommutationofDifferentFermionFields 300
AppendixC: Charge-DensityWave Gap and CDW Correlations 301
References 302



Chapter7

The Prospects of Excitonic Superconductivity

H. Gutfreund and W. A. Little

1.Introduction 305

2. The Nature of Superconductivity 309

2.1.Background 309

2.2.Phonon Mechanism 310

2.3.Limitationon Tc 312

2.4.IsotopeEffect 315

2.5.ExcitonMechanism 317

3. Problems of SuperconductivityUnique to theExcitonMechanism 319

3.1.Exchange 320

3.2.Apparent Limitationon A-ft* 320

3.3.Vertex Corrections 322

3.4.Equation forTc 323

3.5.The Kernel U(p,k) 326

3.6.Effectsofthe Phonons on theExcitonMechanism 328

4. Effectsof LimitedDimensionality 331

4.1.Effectsof Fluctuations 333

4.2.Types ofOrder in a One-Dimensional ElectronGas 338

4.3.Relevance of "g-ology" 344

4.4.InterchainCoupling 345

4.5.Localizationand Impurities 349

4.6.EffectsofScreening 352

5. Real Models 356

5.1.Model of a FilamentaryExcitonicSuperconductor 357

5.2.Discussion 365

6. Summary 366

References 367

Chapter8

Recent Developments and Comments

John Bardeen

1.Introduction 373

2. Nature ofthe Phase Transitions 378

2.1.Transitionin KCP 379

2.2.Transitionsin TCNQ Compounds 380

2.3.Transitionsin TaS3,NbSe3 382

3. Coulomb Interactionsand MagneticSusceptibility 382

3.1.Limitationsofthe Hubbard Model 382

3.2.MagneticSusceptibility 384

3.3.Problem ofTTF-TCNQ 385

3.4.Propertiesof NMP-TCNQ 386

4. CollectiveTransport . 387

4.1.Superconductivityand One-Dimensional Fluctuations 388

4.2.DielectricProperties 390



4.3.TransportaboveTc 392
4.4.NonlinearFieldDependenceofConductivity 398
5.ConcludingComments 401
References 402

Author Index 405
SubjectIndex 413


	page1
	page2
	page3
	page4
	page5

