ELECTRONIC ASPECTS
OF ORGANIC
PHOTOCHEMISTRY

-Josef Michl

Center for Structure and Reactivity
Department of Chemistry
University of Texas

Austin, Texas

Vlasta Bonaci¢-Koutecky

Freie Universitdt Berlin

Institut fiir Physikalische Chemie
und Theoretische Chemie

Berlin, West Germany

e

K £87

Ainclogid

A

physikel. {hemis | Ched- (2 \
Technisnhe gochschule
i Dotmsio §

Je ©

i

A WILEY-INTERSCIENCE PUBLICATION
John Wiley & Sons, Inc. :
NEW YORK / CHICHESTER / BRISBANE / TORONTO / SINGAPORE

Inveniar 'Nr.' _EJC{_/,AAS@\L



IR CONTENTS

Notation

xiii

PART A: BACKGROUND 1

1

2

1.1
1.2

1.3

1.4

Introduction 3

Organic Photochemistry, 3

Electronic States and Potential Energy Surfaces, 8
1.2.1 Introducing and Visualizing the Surfaces, 8
1.2.2 Nuclear Motion on Surfaces, 13

The Electronic Wave Function, 23

1.3.1 The Spin Part, 23

1.3.2 The Space Part, 29

1.3.3 Classification of Excited States, 43
Comments and References, 48

Photophysical and Photochemical Processes 50

2.1
2.2

2.3

2.4

2.5

2.6

2.7
2.8
2.9

An Overview, 50

Intramolecular Processes, 56

2.2.1 Initial Excitation, 56

2.2.2 The Fast Events, 64

2.2.3 The Slow Events, 67
Intermolecular Processes, 77

2.3.1 [Initial Excitation, 78

2.3.2 Molecular Transport Processes, 80
2.3.3 Electronic Transfer Processes, 81
Back in the Ground State, 94

Analysis of Kinetic Data, 95

A Simple Example: Intermolecular Proton-Transfer
Equilibria, 98

Another Example: 1,4- Dewarnaphthalene 100
A Summary: The Need for Theory, 104

Comments and References, 105




X CONTENTS

3 Location of Minima, Funnels and Barriers on Surfaces

3.1 General, 109
3.2 Correlation Diagrams, 112
3.2.1 AO Correlation, 112
3.2.2 VB Structure and State Correlation, 115
3.2.3 MO Correlation, 119
3.2.4 Configuration and State Correlation, 127

3.3 The Use of Interacting Subunits in the Construction of
Correlation Diagrams, 135

3.4 Comments and References, 139

PART B: ELEMENTARY PHOTOCHEMICAL STEPS

4 Two-Center Reactions: One Active Orbital per Atom

4.1 General: Introducing the Two-Electron
Two-Orbital Model, 143

4.2 Nonpolar Bonds, 147
4.2.1 Sigma Interactions, 148
4.2.2 Pi Interactions, 157
4.3 Polar Bonds, 161
4.3.1 Sigma Interactions, 161
4.3.2 Pi Interactions, 165
4.4 Biradicals, 169
4.4.1 Fundamenta/ls, 169
4.4.2 Perfect Biradicals, 175
4.5 Biradicaloids, 179
4.5.1 Fundamentals, 179
4.5.2 Homosymmetric Biradicaloids, 182
‘4,5.3 Heterosymmetric Biradicaloids, 184
4.5.4 Nonsymmetric Biradicaloids, 187
4.6 From Biradicals to Bonds and Lone Pairs: Surface Shapes, 187
4.6.1 Sigma Interactions, 189
4.6.2 Pi Interactions, 192
4.6.3 Limitations of the Simple Model, 196
4.6.4 Spin—Orbit Coupling in Biradicals
and Biradicaloids, 198

4.7 Beyond the Simple Model: Photodissociation of the -
Single Bond, 200

4.7.1 Covalent Sigma Bond, 200
4.7.2 Charged Sigma Bond, 205
4.7.3 Dative Sigma Bond, 206

109

141

143




CONTENTS xi

4.8 Beyond the Simple Model: Photoisomerization of the
Double Bond, 206

4.8.1 Covalent Pi Bond, 206

4.8.2 Charged Pi Bond, 217

4.8.3 Dative Pi Bond, 219

4.8.4 Pi Bond in the Field of a Charge, 222
4.9 Comments and References, 223

5 Cyclic Multicenter Reactions: One Active Orbital per Atom 225

5.1 Electrons in a Cyclic Array of Orbitals, 226
5.1.1 Two Nonpolar Bonds, 226
5.1.2 Two Polar Bonds, 244
5.1.3  Other Pericyclic Ring Sizes, 246
5.2 Electrocyclic Reactions, 248
5.2.1 Interconversion of Butadiene and Cyclobutene, 248
5.2.2 Electrocyclic Processes in Polycyclic Systems, 256
5.2.3 Electrocyclic Ring Opening in Oxirane, 258
5.3 Bond-Shift Reactions, 260
5.3.1 Sigmatropic Reactions, 262
5.3.2 Pseudosigmatropic Reactions, 263
5.4 Cyclic Addition and Reversion Reactions, 263
5.4.1 Cycloaddition and Cycloreversion, 264
5.4.2 Excimers, 274
5.5 Comments and References, 285

6 Linear Multicenter Reactions: One Active Orbital per Atom 287

6.1 Electrons in a Linear Array of Orbitals, 287
6.2 Covalent Bonds, 292
6.2.1 Allylic and Benzylic Bond Cleavage, 292
6.2.2 Atom and Ion Transfer to Alkenes, 296
6.2.3 Cis-Trans Isomerization: Butadiene, 302
6.2.4 Cis-Trans Isomerization: Styrene and Stilbene, 310
6.2.5 Nonconcerted Ring Opening of Cyclobutene, 314
6.2.6 Nonconcerted Cycloaddition and Cycloreversion, 314
6.3 Charged Bonds, 317
6.3.1 Bond Cleavage: Onium Salts, 318
6.3.2 Atom and Ion Transfer to Charged Double Bonds, 319
6.3.3 Charge Translocation: Acroleiniminium, 320
6.3.4 Charge Translocation: Rhodopsin, 323
6.4 Dative Bonds and Other Donor-Acceptor Interactions, 328

6.4.1 Donor-Acceptor Pairs: CT Complexes, Exciplexes,
Ion Pairs, and Free lons, 328




xii CONTENTS

6.4.2 Sigma-Bonded Pi-Donor—Pi-Acceptor Pairs: TICT
States, 338

6.5 Comments and References, 345

7 Reactions with More Than One Active Orbital per Atom

7.1 Pi-Bond Isomerization, 349
7.1.1 Formaldimine, 350
7.1.2  Acroleinimine, 339
7.1.3 Acrolein, 365
7.1.4 Diazene, 367
7.2 Bond Dissociation, 373
7.2.1 Tritopic. Amines, Alcohols, Norrish 1, 374

7.2.2 Tetratopic. Alkyl Halides, Peroxides,
Azo Compounds, 380

7.2.3 Pentatopic. Vinyl Halides, Ketenes, Diazoalkanes, 384
7.2.4 Hexatopic. Azides, Bromine, 391

7.3 Carbonyl Addition to Olefins, 397

7.4 Atom and Ion Transfer, 398
7.4.1 Intermolecular Transfer, 400

7.4.2 Intramolecular Transfer. Phototautomerization,
Norrish II, 405

7.5 Three-Membered Ring Heterocycles: Ring-Opening and
Fragmentation, 407

7.5.1 Oxirane and Aziridine, 408
7.5.2 Oxaziridine, 411
7.5.3 Diazirine, 413

7.6 Comments and References, 415

8 Epilogue

APPENDIXES
I The MO and VB Methods lilustrated on the H, Molecule
Il The Two-Electron Two-Orbital Model of Biradicals

Il Computational Methods: SCF-C! and GVB-CI

INDEX

348

417

421

433

442

463



