
Contents

1. Quantum Mechanics and Atomic Theory......................... 1

A. Elements of Quantum Mechanics........................... 3

a) The Hydrogen Atom................................. 4

b) Spin and Perturbation Theory........................... 13

c) Summary......................................... 15

B. The Use of Symmetry.................................. 16

a) Representations.................................... 16

b) Irreducible Representations............................. 18

c) Direct Products..................................... 19

d) Application to Quantum Chemistry....................... 20

e) Transition Probabilities................................ 20

f) Degeneracy....................................... 22

g) Summary......................................... 23

C. Polyelectronic Atoms................................... 23

a) A Perturbation Treatment of Electron Repulsion............... 26

b) Atomic Spectra..................................... 28

c) *Correlation Effects.................................. 29

d) Ionisation Energies and Electron Affinities................... 31

e) ^Theoretical Calculations of Atomic Structure................ 35

f) Summary......................................... 36

Bibliography............................................ 37

Problems.............................................. 37

2. Simple Molecular Orbital Theory.............................. 39

A. Molecular Orbitals..................................... 39

B. Heteronuclear Diatomic Molecules.......................... 45

C. Further Applications of M.O. Theory........................ 49

D. Multiple Bonds....................................... 56

E. *Electron Repulsion................................... 60

F. *Methods of Calculation................................. 62

Sections marked with an asterisk may be omitted at the first reading.



X Contents

Bibliography............................................ 64

Problems.............................................. 64

3. Structural Applications of Molecular Orbital Theory................. 66

A. Simple Polyatomic Species............................... 66

B. Transition Metal Compounds.............................. 73

C. Organometallic Compounds............................... 84

D. Electron Deficiency.................................... 93

E. The Electronic Structure of Solids.......................... 102

F. Metal-Metal Bonds..................................... 120

G. Intermolecular Attractions............................... 123

Bibliography............................................ 128

Problems.............................................. 129

4. Electronic Spectra and Magnetic Properties of Inorganic Compounds...... 132

A. Electronic Spectra..................................... 132

a) d-d Transitions..................................... 132

b) Charge Transfer Spectra............................... 140

c) Electronic Spectra of Lanthanides and Actinides............... 142

d) Electronic Spectra of Compounds of Main Group Elements ....... 144

e) Optical Activity.................................... 144

f) Polarisation of Absorption Spectra........................ 146

g) Mixed Valence Spectra................................ 147

B. Magnetic Properties.................................... 148

a) Orbital Angular Momentum............................. 149

b) Spin Angular Momentum.............................. 150

c) Spin Orbit Coupling.................................. 151

d) Calculation of Paramagnetic Properties..................... 152

e) Magnetic Exchange.................................. 154

f) Spin Crossover Complexes.............................. 155

Bibliography............................................ 156

Problems.............................................. 157

5. Alternative Methods and Concepts............................. 159

A. Alternative Models of Chemical Bonding ...................... 159

a) *X-a Methods..................................... 159

b) Valence Bond Theory................................. 161

c) The Ionic Model.................................... 165

d) Valence Shell Electron Pair Repulsion...................... 171

B. The Use of Thermodynamics in Inorganic Chemistry.............. 176

Sections marked with an asterisk may be omitted at the first reading.



Contents XI

C. Useful Concepts in Inorganic Chemistry ....................... 184

a) Electronegativity .................................... 184

b) Acids and Bases..................................... 189

c) Hardness and Softness ................................ 190

d) Oxidation Numbers and Oxidation States.................... 195

e) Conclusions....................................... 197

Bibliography............................................ 198

Problems.............................................. 199

6. Mechanism and Reactivity................................... 202

A. A General Approach to Reactivity.......................... 202

B. Analysis of Reaction Mechanisms........................... 212

C. Selected Reactions and Topics............................. 223

a) Reactions Showing the Importance of Orbital Symmetry......... 223

b) Solvent Effects.................................... 228

c) Catalysis......................................... 230

d) Steric Effects and Stereochemistry........................ 234

e) Solid State Reactions................................. 237

f) Photochemistry..................................... 240

Bibliography............................................ 247

Problems.............................................. 248

7. Descriptive Chemistry..................................... 250

A. Orbital Energy....................................... 250

B. Overlap............................................ 253

C. Main Group Elements................................... 255

D. The Transition Elements................................. 266

E. The Lanthanides...................................... 274

F. The Actinides........................................ 275

G. Conclusions......................................... 277

Bibliography............................................ 278

Problems.............................................. 279

8. Physical and Spectroscopic Methods............................ 282

A. Diffraction Methods.................................... 282

B. Electron Spectroscopy.................................. 284

C. X-Ray Spectroscopy................................... 286

D. Vibrational Spectroscopy................................ 286

E. Microwave Spectroscopy................................. 288

F. Nuclear Magnetic Resonance Spectroscopy.................... 288

G. N.Q.R. Spectroscopy................................... 290

H. Môssbauer Spectroscopy................................. 292



XII Contents

I. Electron Spin Resonance (E.S.R.) Spectroscopy................. 293

J. Mass Spectroscopy..................................... 296

K. Conclusions......................................... 296

Bibliography............................................ 299

Problems.............................................. 300

Appendix I: Tables for Group Theory............................ 301

Appendix II: Abbreviations, Symbols, and Energy Units................. 308

Subject Index............................................. 311


	Inhaltsverzeichnis
	[Seite 1]
	[Seite 2]
	[Seite 3]
	[Seite 4]


