Contents

PREFACE

CHAPTER 1

MOLECULAR ENERGY STATES AND POSSIBLE
TRANSITION MECHANISMS

1.1 Energy states, energy transfer, and relaxation
1.2 Electronic energy states .

1.3 Nuclear motion in electronic states

1.4 Classification of electronic states

1.5 Vibrational states

1.6 Rotational states . . . .
1.7 Anharmonic vibrators and non-rigid rotators
1.8 The effect of electric and magnetic fields

1.9 Nuclear magnetic states . . .
1.10 Energy separations and transition mechanisms

CHAPTER 2
THE ABSORPTION AND EMISSION OF RADIATION

2.1 'The basic processes and the Einstein coefficients .
2.2 Perturbation theory and the matrix elements

2.3 Application to electronic transitions

2.4 Application to nuclear motion .

2.5 Intensity of absorption and radiative lifetime

2.6 Excitation of nuclear spin states in a magnetic field
2.7 A second-order phenomenon: the Raman effect .

CHAPTER 3
ELECTRON IMPACT

3.1 Methods of studying electron-molecule interactions
3.2 Concepts for electron-molecule interactions

3.3 Generalizations about electron-atom interactions .
3.4 Electronic excitation of molecules

3.5 Vibrational excitation

3.6 Rotational excitation.
vii

v

[« R

13
14
15
16
18

20
22
24
26
27
29
30

32
34
37
40
42
43



vili DYNAMIC ASPECTS OF MOLECULAR ENERGY STATES

CHAPTER 4
MOLECULAR COLLISIONS

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

Collision as a perturbation

Direct electronic energy transfer

Resonance and near-resonance energy transfer
Vibrational energy transfer

Rotational energy transfer. .
Electronic-vibrational energy transfer .
Vibrational-rotational energy transfer .
Spin-lattice relaxation

CHAPTER 5
CHEMICAL REACTION AND RELATED TOPICS

5.1
5.2
5.3
5.4
5.5

Crossing of electronic energy curves
Electronic excitation in reaction
Photosensitization and fluorescence quenching
Vibrational excitation in reaction

Rotational excitation in reaction .

CHAPTER 6
HOW TRANSITIONS TAKE PLACE

6.1
6.2
6.3
6.4
6.5
6.6
6.7

INDEX

Preferred mechanisms for electronic transitions

Lasers . . . . . .
Preferred mechanisms for vibrational transitions .
Preferred mechanisms for rotational transitions

Nuclear magnetic resonance transitions

Saturation of absorption and negative spin temperatures
Conclusions for chemistry

45
47
48
49
52
52
53
54

58
61
63
63
67

69
71
72
74
75
76
78

81



