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a

A-type transition 267

ab initio calculations 76

ab initio methods 72

AB»> molecule 252

absorption 122
linearly polarized radiation 134
nonlinear 397

absorption coefficient 124, 274, 367

absorption path, effective 386

absorption profile, Doppler-free 164

absorption spectroscopy 363, 367

absorption spectrum 289
continuous 148

action integral 103

adiabatic basis 297

adiabatic basis function 303

Airy function 151

alchemy 2

alkali metal clusters 352

allene 188

angle of observation, magic 421

angular dispersion 375

angular distribution 420

angular momentum 212
coupling scheme 41
projection 213

angular momentum component 208

angular momentum coupling 42

anharmonicity 132

anti-Stokes component 166

anti-Stokes scattering 291
anti-Stokes spectrum 168
apodization function 371
associative law 179
asymmetry parameter 218
atomic configuration 43
atomic hypothesis 2
atomic orbital 53, 249
atomic state, combination 43
atomic weight 3
attosecond range 409
aufbau principle 45
Auger process 422
autoionization 317
avoided crossing 304

b

band 147

band edge 146
band strength 139
band system 5
basis function 51,75
beat signal 370
BeH; molecule 245
benzene 259
bolometer 394
bond energy 346
bonding 249
Born—Oppenheimer approximation
boron trifluoride 189
boson 172
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bracket notation 65
butadiene 191, 257

C
Ceo 359
carbon cluster 358
CARS 292
center of inversion 178
center-of-mass frame 79
centrifugal constant 84, 264
centrifugal distortion 82, 214
centrifugal energy 81
channeltron 426
character 194
of direct products 202
scalar product 200
sum of squared 197
character table 194, 437439
abbreviated 202
class 180
classification 184, 191
cluster 9, 343, 350
generation 359
molecular 351
CO-Ar 346, 348
CO; molecule 250
molecular orbitals 251
coincidence, delayed 408
collision
elastic 159
inelastic 159
phase-disturbing 161
collision pair 158
collision process, molecular 434
collisional broadening 158
combination band 279
combination transition 280
combination vibration 281
commutative law 180
configuration interaction 75
conical intersection 314
contour line diagram 283, 315

control of chemical reactions 412
control, coherent 412
coordinate transformation 203
coordinates, generalized mass-weighted
221

Coriolis coupling 233
Coriolis force 232, 233
Coriolis interaction 206
correlation 47
correlation diagram 48, 49, 219, 252
correlation energy 74
correlation method 409, 410
Coulomb integral Haa 55, 58
coupling 231

magnetic moments 328
coupling coefficient 232
coupling of angular momenta 41
coupling of electronic and vibrational

states 287
CS, molecule 6
cube 190

cylindric capacitor 417

d
Dalton 2
dark state 310
Darling-Dennison resonance 282
Debye 339
decay time 386
degree of orientation 327
diabatic basis 297
diabatic basis function 304
diabatic coupling element 305
dichlorobenzene 186
dichlorodifluoroethane 189
difference potential 143
Mulliken 141
diffraction structure 375
diffusion 362
dipole
electric field 116
oscillating 125



dipole approximation 127, 129

dipole matrix element 263

dipole moment 166, 276
induced 115

Dirac notation 52

direct product 199

direct sum 202

dissociation energy 91, 355

distribution, spectral 379

Doppler broadening 154

Doppler shift 155

Doppler width 156

double resonance
infrared—microwave 404
infrared—ultraviolet 403
A-type 403, 405
optical-microwave 403
optical-optical 403
optical-radiofrequency 403
techniques 402
V-type 403

double-minimum potential 255

Dunham coefficient 99

Dunham expansion 97, 99, 104, 293

dynamics, molecular 8

e
eigenfunction 296
eigenvalue equation 213
Einstein coefficient 122
absorption 122
relations 123
spontaneous emission 123
stimulated emission 122
electric dipole moment 339
effective 340
permanent 339
electric moment pe; 325
electron configuration 42, 45, 46, 248,
252,254
electron density distribution 247
electron distribution, contraction 61

Index

electron rotation 84
electron spin resonance 432
electron, delocalized 257
electronic dipole matrix element 286
electronic transition 286
electrostatic interaction 302
emission

spontaneous 122, 123

stimulated 122, 405
emission spectrum 288
energy

expectation value 52

magnetic 327
energy analyzer 416
energy eigenvalue 88
energy level diagram 250
energy transfer processes 407
ethene 188
ethyne 188
exchange integral
excimer 148
excitation, stepwise 403
expansion, adiabatic 393

55, 58

f

Fano profile 318, 320

Faraday effect 389
femtochemistry 411

Fermi contact constant 335
Fermi polyad 282

Fermi resonance 231, 282
fermion 172

fine-structure component 50
fine-structure constant 305
fine-structure splitting 431
fine-structure term 41
fingerprint region 279
fluorescence radiant power 124
fluorescence spectrum 288, 289
fluorescence, laser-induced 389
formaldehyde 256

Fortrat diagram 137, 138, 146
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Index

four-wave mixing 406
Fourier transform 370

Franck—Condon factor 139, 140, 144

Franck—Condon principle 139

quantum-mechanical formulation

142
frequency distribution 353
frequency modulation 364, 382
full width at half maximum 151
fullerene 345, 359
fundamental transition 278

g9

Gaussian function 75, 76
cartesian 76
Gaussian profile 156
glyoxal 187
grating equation 377
grating spectrograph 373, 377
ground-state geometry 244
group
Abelian 180
commutative 180
cyclic 180
multiplicative 179
noncommutative 183
group of atoms in molecules 280
group theory 175, 179

h
H, molecule 66

approximation methods 72
H;r molecule

bond energy 62

exact treatment 29

LCAO treatment 56

potential curve 62
H,0 molecule 247,252
Hamiltonian 228
Hamiltonian matrix 218
Hartree approximation 65

flow diagram 74
Hartree—Fock approximation 73

Hartree—Fock method 65

He; molecule 346

heat, specific 3

Heisenberg’s uncertainty principle 60
Heitler-London approximation 68, 69
Hermite polynomials 88

HF-CI method 76

HOMO 418

Honl-London factor 139, 140, 148
hot band 288

Hiickel method 258

Hiickel model 260

Hund’s coupling cases 300

casea) 300
case b) 301
casec) 301
cased) 301

Hund’s rule 47

hybrid function 240

hybrid orbital 243, 248

hybridization 240

hydrogen bond 357

hydrogen peroxide 185

hyperfine component, Zeeman splitting
335

hyperfine structure 294, 334

]

identity operation 197
induction 117

induction contribution 114
inertia ellipsoid 211
inertia tensor 207

infrared active 276, 280
infrared inactive 276
infrared spectrometer 367
infrared spectroscopy 366
intensity of rotational transitions 269
intensity profile 156
interaction potential 116
interferogram 369

internal conversion 322



intersystem crossing 322
inversion splitting 256

inverted perturbation approach 109
ionic character 68

ionization energy 355

isotopic shifts 100

iteration method 111

IVR processes 311

J
Jahn—Teller effect 313
quadratic 315
Jahn-Teller potential surface 314
Jellium model 352, 354

k
Kratzer relation 98

1
Lagrange equation 221
Lamb dip 398
A doubling 308, 309
laser absorption spectroscopy 382
laser spectroscopy 381
Doppler-free 395
time-resolved 407
law of constant proportions 2
LCAO approximation 53
LCAO function 53
learning algorithm 413,414
Lennard-Jones potential 118
lifetime 338, 407
light, unpolarized 136
line
polarization 331
profile 151, 161, 274
linear molecule 264
linewidth 323, 349
natural 152
local vibrational mode 279
lock-in 365
lone pair 252
[ splitting 235

Index

m

magic angle 421

magnetic energy 327

magnetic moment j, 325

mass resolution 427

mass spectrometer
magnetic 423
quadrupole 424
time-of-flight 426

mass spectroscopy 422

matrix element 125, 126, 138, 217

Born—Oppenheimer approximation

128
melting temperature 351, 352
metal cluster 352
methane 190
Michelson interferometer 368
microcluster 351
modulation techniques 382
molecular beams 391
molecular configuration 76
molecular constants 99, 293
molecular orbital 45, 53, 65,75, 237,
247, 259
multi-centered 238
nonbonding 245
molecular orbital approximation 66
molecular radical 9
molecular rotation 207
molecular spectra 4
molecular symmetry 11, 175
molecular vibration 86
molecules
diamagnetic 326
many-electron 63
paramagnetic 326, 327
rigid 10
triatomic 245
Zeeman splitting in diamagnetic
334
Morse potential 92
Mulliken difference potential 141
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Index

multi-photon absorption 164
multi-photon spectroscopy 401, 402
multiple-reflection cell 384, 388
multiplet component 306
multiplication table 182

multipole expansion 113

multipole interaction 113

n

Naj radical 433

natural linewidth 154

NHj3; molecule 254

nitrogen molecule N, 173

NMR 429

NMR spectrum 431

nodal plane 238, 246

noncrossing rule 49

normal coordinate 222

normal mode 192, 222

normal vibration 275, 276

nuclear magneton 332

nuclear mass, reduced 79

nuclear resonance 429

nuclear spin quantum number 429
nuclear spin statistics 171, 173, 272
nuclei with magnetic moments 432
nutation cone 209

(o]

(02), molecule 349

O3 molecule 385

(OCS); molecule 349
octahedron 190

one-electron approximation 46
one-electron state 45
operator 212

orbital
energy 246
parity 238
order 180

orientational quantum number 170
ortho boric acid 187

ortho hydrogen 172

oscillation, damped 152

oscillator
anharmonic 91
classical damped 152
harmonic 87, 88
overlap integral 55, 58, 244
overtone band 132, 279
overtone spectrum 385
oxygen molecule O, 173

p
para hydrogen 172

particle spectroscopy 361
partition function 170, 270
Paschen—Back effect 331
Pauli principle 64
perturbation 9, 293, 299
heterogeneous 295
homogeneous 295
perturbation operator 302, 303
perturbation potential 231
phosphorescence 322
photoelectron spectrum 422
photoionization
cross-section 420
process 417
photon scattering,inelastic 165
m-electron system 257
wlight 135
T orbital, molecular 239
Planck law 123
point group 181, 184, 185
polarizability 166, 276, 291
electric 339
magnetic 326
polarizability tensor 291
polarization of lines 331
polarization of transitions 332
polarization spectroscopy 400
polarization state

nlight 135
ot light 135
o~ light 135



population density 170, 269
population, thermal 170

potential
effective 73
quartic 93

potential barrier 316
potential curve 47,57, 112, 118
crossing 298
diabatic 298
potential surface 348
predissociation 316, 344
pressure broadening 160
principal axes transformation 208, 222
principal moment of inertia 208
prism spectrograph 374
process, photochemical 8
projection quantum number {2 41
protons, equivalent 433
pseudorotation 227, 316
frequency 354
pump—probe technique 410

q

quantum chemistry 76
quantum defect 318
quantum yield 321

r
R centroid 142

nth order 140
R centroid approximation

304

radial function 80
radiation characteristic 125
radiation field, thermal 123
radiation sources, continuous 373
radiation spectroscopy 361
radiationless transition 320, 321
Raman effect 290
Raman scattering 166

resonant 165
Raman spectra 167, 288
Raman transition 165

139, 142,

Index

345, 355
166, 291

rare-gas cluster
Rayleigh scattering
reference frame
laboratory-fixed 203
molecule-fixed 203, 206
reflection 182
reflectron 427
relative velocity, mean 159
Renner—Teller coupling 311
Renner—Teller effect 312
representation  192-194
n-dimensional 195
irreducible 196
of group C3y 195
one-dimensional 195
product 198
reducible 196, 199
reduction 198, 201
sum 198
resolution 374
spectral 376, 377
resolution of spectral lines 374
resonance integral Hag 55
resonance spectroscopy, laser-magnetic
388
resonator, acoustic 388
restoring force 225
retarding-field method 417
Ritz principle 51
RKR method 105
rotary—reflection axes 177
rotation 81

467

quantum-mechanical treatment 212

rotational constant 82, 90, 214, 264

mean 96
rotational energy 84, 206, 207
mean 96

rotational group 271
rotational level

Zeeman splitting 329
rotational level, Zeeman splitting 329
rotational period 90
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Index

rotational perturbation 307
rotational quantum number J 81
rotational Raman spectrum 290
rotational Raman transition 168
rotational spectrum 5, 83, 263
145, 283
rotational term diagram 214
rotational term value 86, 214
rotational transition 133
rotational wavefunction 271

rotational structure

rotor

rigid 81,207

vibrating 96
Rowland circle 378
Rowland grating 378
Rowland spectrograph 378
Rydberg electron 318
Rydberg state 317

molecular 405

S

saturation hole 398

saturation spectroscopy 399

scattering cross-section 362

Schonflies notation 184

sector field, magnetic 423

secular equation 53, 218

selection rule 135
asymmetric top 268
electric dipole transitions 265
pure rotational transitions 266
rotational quantum numberJ 145
vibration—rotation transitions 285
vibrational transitions 275

selection rules 294

self-pressure broadening 160

separation ansatz 80

setup, experimental 380

shell structure 352

shielding constant 430

shift 158
chemical 431

o™ light 135
o~ light 135
single-particle approximation 63
Slater determinant 64
Slater function 75, 76
sp; hybrid atomic orbital 241
sp” hybridization 242
sp’d hybridization 243
sp® hybridization 243
spatial function 75
spectral analysis 4
spectrometer, Fourier 372
spectroscopy 372
ESR 432
Fourier 366
intracavity laser 385
microwave 362
optothermal 394
photoacoustic 387
photoelectron 415
vacuum UV 380
ZEKE 418
spherical harmonics Y (6,¢) 80
spin function 75
spin quantum number S 43
spin relaxation 434
spin state 44
spin—orbit coupling 50, 294, 305, 336
spin—rotation coupling 308
spin—rotation coupling constant 309
stability diagram 425
Stark effect 339
second-order 341
Stark modulation 366
Stark shift, first-order 340
Stark splitting 341
state
excited 251
virtual 165
statistical weight
step operator 216
Stokes Raman scattering 291

270, 272



Stokes Raman spectrum 169
Stokes spectrum 168
streak camera 408, 409
stretching vibration 225
structure determination 430
structure, bent 247
subgroup 180
surface atom 350
susceptibility, magnetic 327
symmetry axis 176
symmetry element 175, 176
symmetry operation 175, 181
symmetry plane 176, 177
symmetry property 43,270
even 44
odd 44
symmetry selection rules 295
symmetry type 192, 295
synchrotron radiation 379, 380

t
Taylor expansion 230
of potential 221
theory of gases, kinetic 3
thermal conduction 362
time function 371
time slot function 371
top
asymmetric 215, 267
oblate symmetric 212
prolate symmetric 211
symmetric 85, 211, 266
term values of asymmetric 220
topological structure 9
total angular momentum J 86
total wavefunction 65
transition
electronic 138, 144
multiphoton 161
polarization 332
radiationless 9
transition point, classical 141
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transition probability 122, 130, 134,
287
collision-induced 160
translation vector 194
translational energy 206
translational temperature 392
transport phenomena 362
trifluoro benzene 189
tunneling process 316
turning point, classical 107
two-center integral 67, 70
two-photon absorption 161
Doppler-free 402
two-photon resonance 165
two-photon spectroscopy 163, 402

u

uncertainty relation 154
united atom 45

UPS 415

"4
valence orbital, hybrid 255
van der Waals bond 322, 343
van der Waals cluster 352
van der Waals interaction 116
van der Waals molecule 9, 322, 343
variational method 52
velocity distribution, Maxwellian 155
velocity, most probable 155
vibration

anharmonic 230

degenerate 226

localized 11

normal modes 11

of polyatomic molecules 221
vibration—rotation interaction 95
vibration—rotation Raman spectrum 168
vibration—rotation spectrum 5, 129
vibration—rotation transition 128, 136
vibrational amplitude 224

mass-weighted 225
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vibrational angular momentum 234,
265

vibrational band 5, 136, 138, 145

vibrational constant w, 90

vibrational energy 206

vibrational period 90

vibrational term diagram 230

vibrational transition 131

vibrational wavefunction 89

vibronic coupling 309, 323

vibronic state 287

Voigt profile 157

w

Walsh diagram 252, 256
water clusters 357

water isotopomer 185
wavelength modulation 383
weight, statistical 170, 173
WKB approximation 101

X

x-ray structure analysis 435
XPS 415,421

z

Zeeman components 429
Zeeman effect 327
Zeeman splitting
diamagnetic molecules 334
of hyperfine components 335
of rotational levels 329
Zeeman splitting of rotational levels 329
zero-point energy 88, 229



