Contents

Preface Vit

I. Models for Atoms 1-26

. J.J. Thomson model 1

. Rutherford model 2

. Bohr model for hydrogen-like atom 3
. Bohr-Sommerfeld model 13

. Vector model 19

. Pauli’s exclusion principle 21

. Aufbau principle 23

I B N T T N

Problems and questions 25
II. One Valence Electron Atoms 27 - 44

Larmor frequency 27
One valence electron atoms 29
Fine structure 31

Intensities of doublet transitions 40

O W

Problems and questions 43
II1. Atoms in Magnetic Field 1 45-178

1. Zeeman effect 45
2. Classical explanation of Zeeman effect 46

3. Vector model of one electron atom in weak
magnetic field 49

4. Magnetic moment of a bound electron 50



Contents

Magnetic interaction energy 52
Selection rules 54

Rapid calculation of Zeeman pattern 55
Intensity rules 61

Paschen-Back effect 69

© ® N oo o

10. Splitting in Zeeman and Paschen-Back effects 72
11. Selection rules for Paschen-Back effect 74

12. Complete Paschen-Back effect 75

13. Problems and questions 77

IV. Two Valence Electrons Atoms 79 - 125

1. ss-coupling 80

2. ll-coupling 81

3. LS-coupling 85

4. Parity 108

5. ls-coupling 109

6. jj-coupling 109

7. Terms for two equivalent electrons 113
8. Selection rules 122

9. Intensity relations 122

10. Problems and questions 124
V. Atoms in Magnetic Field II 126 - 167

Magnetic moment of atom with two valence electrons 126
Zeeman effect 132

Rapid calculations in LS-coupling 135

Rapid calculations in jj-coupling 140

Paschen-Back effect 153

Complete Paschen-Back effect 164

Problems and questions 167

AN i o A e

VI. Several Valence Electrons Atoms 168 - 179
1. Vector model 168

2. Term arising from three or more equivalent electrons 171



Contents

Lande interval rule 171
Hund'’s rule 173

Zeeman effect 174

-

Calculation of Zeeman pattern 176

N oo e

Problems and questions 179
VII. Stark Effect 180 - 187

1. Weak-field Stark effect in hydrogen 181
2. Strong-field Stark effect in hydrogen — 182
3. Problems and questions 187

VIII. X-ray Spectra 188 — 196

1. Continuous and characteristic x-rays 188
2. Moseley Law 193
3. Problems and questions 196

IX. Hyperfine Structure 197 - 210

1. Magnetic hyperfine-structure =~ 198
2. Electric hyperfine structure 205
3. Isotope shifts 208

4. Problems and questions 209

X. Breath of Spectral Lines 211 -217

1. Natural broadening 211
2. Doppler broadening 214
3. Collision broadening 216
4. Problems and questions 217

X1I. Rotational Spectroscopy 218 - 241
1. Classification of molecules 218
2. Interaction of radiation with rotating molecule 220
3. Rotational spectrum of a rigid diatomic molecules 221
4. Isotope effect in rotational spectra 225
5. Intensity of rotational lines 228
6. Non-rigid rotator 228



Contents

7. Linear polyatomic molecules

8. Symmetric top molecules
9. Asymmetric top molecules
10. Stark effect 235

231

231
234

11. Quadrupole hyperfine interaction

12. Problems and questions

XII. Infrared Spectroscopy

Diatomic vibrating rotator

Fermi resonance 259

e R O

. Problems and questions

241

Vibrating diatomic molecule

246

248

264

Asymmetry of vib-rotational band

. Vibrations of polyatomic molecules

XIII. Electron Spectra of Molecules

. Progressions and sequences

. Frank-Condon principle

. Fortrat parabolas 281

. Dissociation 282

© 00~ S o R W N

—
=

. Problems and questions
Appendices
Bibliography

Index

. Vibrational structure 266

275

290

. Vibrational analysis of band systems

274

239

Vibrational motion of a diatomic molecule

252
254

. Vib-rotation spectra of polyatomic molecules

270

. Information derived from vibrational analysis

242 - 265
242
259
266 — 291
275

Rotational fine structure of electronic-vibration spectra

. Electronic angular momentum in a diatomic molecule

278

285

293

295
297



