


Contents

Preface v

Foreword vii

1. Molecules, Isomerism and Large Amplitude Vibrations ... 1

1.1 Introduction 1

1.2 Isomerism 3

1.3 PotentialEnergies Associated withInternal Rotation 5

1.4 The Experimental Approach 11

1.4.1 Spectroscopic methods 11

1.4.2 Diffractionmethods 14

1.4.3 Relaxation methods 15

1.4.4 Classicalmethods 19

2. Molecular Energy Levels 21

2.1 Introduction 21

2.2 Solution of the Schrodinger Equation 21

2.3 The Molecular Hamiltonian Operator and Energy Levels 26

2.4 ElectronicStatesand PotentialEnergy Surfaces 29

2.5 Molecular Vibrations 30

2.5.1Introduction 30

2.5.2 Small amplitude molecular vibrationsand classical

mechanics 30

2.5.3 Small amplitude molecular vibrationsand quantum

mechanics 35

2.5.4 The separation of molecular vibrations 36

2.6 The Mathematical Representation of PotentialEnergy

Curves for Large Amplitude Vibrations 38

2.6.1 Periodicpotentialfunctions 39



2.6.2Non-periodicpotentialfunctions 40
2.7 Calculationof theEnergy Levelsassociatedwith

One-dimensionalPotentialFunctions 42

2.7.1Internalrotationhinderedby a symmetricaltwofold

barrier 42
2.7.2The energylevelsassociatedwitha simplenon-periodic

potentialfunction 47

2.8 MolecularRotation 51

2.8.1Rotationin classicalmechanics 51

2.8.2Inertialclassificationof molecules 52

2.8.3Rigidrotorenergylevels 53
2.8.4Effectiverigidrotorenergylevelsand rotational

constants 57
2.8.5Centrifugaldistortion 60

2.9 VibrationRotationInteractions 61

3. Experimental Methods of Studying Large Amplitude Internal
Motions in Molecules 66

3.1Introduction 66

3.2 Microwave Spectroscopy 66

3.3Infraredand Raman Spectroscopy 73

3.4 NuclearMagnetic ResonanceSpectroscopy 77

3.5 Gas PhaseElectronDiffraction 81

4. The Origin of Potential Barriers 86

4.1 Introduction 86

4.2 Ethane and EarlyTheoriesoftheOriginof Barriers 87

4.3 Barriersand ConformationalEnergy DifferencesDominated by Specific

Interactions 87

4.3.1Differenttypesofintramolecularforces 87

4.3.2Double bond characterdue to resonance 88

4.3.3Hydrogen bonding 89

4.3.4Stericeffects 91
4.4 The DerivationofInformationaboutIntramolecularForcesfrom

ExperimentalPotentialFunctions 92
4.5 The EmpiricalApproach to theComputation of ConformationalEnergies

and Barriers 94
4.6 Ab InitioComputations of ConformationalEnergiesand Barrier

Heights 96
4.6.1Ab initiomolecularorbitalcomputations 97

4.6.2Energy component analysisof rotationalbarriers 99

4.6.3Charge distributionanalysisofrotationalbarriers 101

4.7Conclusion 101



5. Internal Rotation of Symmetric Groups 103

5.1 Introduction 103

5.2 Ethane 103

5.3 Torsional Energy Levels 104

5.3.1 Symmetry considerations 105

5.3.2 Spin statisticalweightsand absorption lineintensities 107

5.4 The Calculationof PotentialBarriers 109

5.4.1 Torsional frequency method 109

5.4.2 High barriers 110

5.4.3Intermediate barriers Ill

5.4.4Assessment of the torsionalfrequency method 112

5.5 SplittingsMethod 112

5.5.1 Principalaxismethod 114

5.5.2Internalaxis method 120

5.6 Comparison of Torsional Frequency and SplittingsMethod 123

5.7 Internal Rotation in Symmetric Rotors 124

5.8 NMR Methods 125

5.9 Some SelectedMethyl and other Symmetric Barriers 127

5.9.1 Barriersabout C―C bonds in substitutedethanes 127

5.9.2 Other symmetric barriers 130

5.10 Low PotentialBarriers 133

5.11 Multiple Symmetric Groups 136

5.12 InternalRotation in Methanol and Acetaldehyde 140

5.12.1 Methyl alcohol 141

5.12.2 Acetaldehyde 141

6. Internal Rotation of Asymmetric Groups 145

6.1 Introduction 145

6.2 Asymmetric PotentialFunctions 148

6.3 InternalRotation in Completely Asymmetric Molecules 153

6.3.1 The torsionalequation 155

6.3.2 Rotational energy levelsand torsion-rotationinteractions 156

6.3.3 The Hamiltonian in theinstantaneous principalaxissystem of the

molecule 157

6.3.4 The reduced potential 158

6.3.5Internalrotationin 3-fluoropropene 158

6.4 Internal Rotation in some SelectedMolecules 162

6.4.1 Molecules with predominantly twofold barriers 162

6.4.2 Molecules with a predominantly threefoldpotential

function 166

7. Inversion 171

7.1 Introduction 171



7.2 Quantum MechanicalCharacteristicsof theInversion

Vibration 173

7.2.1Propertiesof molecularwave functionsforan inverting

molecule 174

7.2.2Potentialfunctionsfortheinversionmode 180
7.2.2.1Harmonic oscillatorperturbedby a Gaussian barrier 180
7.2.2.2Quadratic-quarticpotentialfunction 182
7.2.2.3Manning potentialfunction 183
7.2.3Rotation-inversionspectrumoftheXY3 symmetrictop 183
7.3Inversionin Asymmetric Rotors 185
7.3.1Rotation-inversionspectrumofan invertingasymmetrictop
molecule 186

7.3.2Vibration-rotationinteractions 189
7.3.3Invertingmolecules 191
7.4Inversionin Moleculescontainingmore than One LargeAmplitude
Vibration 193

7.5Inversionin ExcitedElectronicStates 194
7.6 MoleculeswithHigh BarrierstoInversion 195

8. Large Amplitude Vibrations in Ring Compounds 197

8.1Introduction 197
8.2 Strainin Ring Compounds 200
8.3 Four-Membered Rings 203
8.3.1Coordinatesand potentialfunctionsforfour-membered
rings 203

8.3.2Examples ofringpuckering 206
8.4 Five-Membered Rings 208
8.4.1Pseudorotation 209
8.4.2.The Hamiltonianoperatorand energylevelsfor

pseudorotation 213
8.4.3.Examples ofpseudorotation 215

8.4.4Five-memberedringswithone or two doublebonds 218

8.5 Six-Membered and LargerRings 219

8.5.1Cyclohexaneand itsderivatives 219

8.5.2Six-memberedringswithone and two doublebonds 220

8.6 Fused and BridgedRing Systems 222

9. Internal Rotation and Conformational Flexibilityin
Macromolecules 226

9.1Introduction 226

9.2 Proteins 227

9.3 Nucleicacids 233

9.4 Carbohydrates 235

9.5 Conclusion 239

Index 241


	page1
	page2
	page3
	page4
	page5

