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triplet formation efficiencies, 386
triplet to triplet energy transfer
probability, 384
acetaldehyde and acetone photolysis,
192-3
acetylcytidine fluorescence and phos-
phorescence intensities, 495
acridine
absorption spectrum of lowest triplet
state in benzene, 440-2
flash-photolytic detection of triplet to,
439-45
quenching of biacetyl phosphorescence,
443-4
triplet to triplet energy transfer
probability, 384
acriflavine, delayed fluorescence, 377
adenine
uracil, ground and triplet states,
spin densities in lowest triplets,
519-21
zero-field splitting, 523
alloxazine, zero-field splitting, 523
Amperex infra-red photomultiplier, 230
annihilation rate constant, anthracene
triplet-triplet, 455-60
anthanthrene
delayed fluorescence and optical den-
sity, 246
non-reversible quenching, 252-3
anthracene

delayed fluorescence: decay time,

429; optical density relation,
246; sensitised, 379; spectra,
243-6; temperature function,
425--30

energy and lifetime of lowest triplet
state, 44

kinetics of excited states of vapour,
391-2

oxidation potentials, 198

pyrene mixed crystal, fluorescence

spectra, 463

triplet Davydov splitting, 291

triplet excitons: crystals under laser
excitation, 329-42

triplet-triplet: absorption frequencies,
451; annihilation in crystals, 298;

probability, 384
vapour phase, triplet state decay
constant, 251
zero-field splitting, 523
aromatic amino acids, excitation energy
transfer, 492—-3
aromatic hydrocarbons
delayed fluorescence, 372
decay constants, 242-51
energies and lifetimes of lowest triplet
state, 44
Franck-Condon factors, 34, 61; non-
orthogonality of vibrational wave-
functions, 33
intersystem crossing, 31-45, 229-35
lifetime of triplet state, conclusions,
257-8
low-lying excited triplet states, 229-35
oxidation potentials, 198

phosphorescence, out-of-plane pola-
rised, 117

pyrene, delayed fluorescence spectra,
239-58

quantum-yield studies, 39
radiationless transitions, 31
radiative processes, magnetic dipolar
contributions, 165-70
T-T absorption, 231-3
triplet decay and intersystem crossing,
31-45
triplet state lifetimes in vapour phase,
239-48
zero-field splitting, 25
aromatic solids, excess electron mobility
in, 297
atoms and molecules,
transitions, 5

spin-forbidden

Baird—-Atomic interference filter, 156
benzanthracene and benzoanthracene
energy and lifetime of lowest triplet
state, 44
1,2-benzanthracene triplet to triplet
energy transfer probability, 384
benz{a)pyrense
delayed fluorescence in ethanol, 372
triplet to triplet energy transfer
probability, 384-5

annihilation rate constant, 455-60; benzene
extinction coefficients, 451; transi- energy and lifetime of lowest triplet
tions, 44753 state, 44
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benzene (cont.)
intermediate case between big and
small molecule limit, 220-2
oxidation potentials, 198
radiationless transition
phase, 213-27
spin-orbit coupling matrix, 59
triplet lifetime in gas phase, 431
benzene and derivatives, singlet and
triplet states, 186-91
benzene-biacetyl energy transfer, 431
benzperylene
fluorescence spectra, delayed, 244—6
vapour phase decay constant, 251
biacetyl
emits from both singlet and triplet
states, 184
flash-photolytic detection of triplet
from, 439-45
phosphorescence by energy transfer
from triplet benzene, 431
transient absorption, 442-3
biological molecules
biphotonic processes involving triplet
states, 497-9
conjugated,
491-2
electronic structure of lowest triplet
state, 489-91
lowest triplet state, electronic struc-
ture and properties, 480-92
triplet states: excitation energy trans-
fer, 492-9; m-electron distribu-
tion, 518-24; spin densities, 518-
20
photochemical reactions, 492-9
biology, ESR and optical studies of
triplet states, 479-503
biphenyl, ESR-optical double quantum
results, 176
biphenyl and biphenylene, energy and
lifetime of lowest triplet state, 44
biphotonic photochemistry, 195-6
Bloch’s theorem, 281
boric acid glass
solvated electrons in, 199,201
triplet-state transfer in, 197
Born-Oppenheimer approximation, 292
Bose—Einstein distribution, 321
Bravais lattice, 281
butene-2 isomers, used in gas chromato-
graphy, 186-8

in gaseous

chemical  properties,

calf-thymus DNA, phosphorescence, 508

carbonyl compounds, photochemical be-
haviour, 191-3

cell model, 49-52

charge transfer, molecular triplet state,
433-8
Chichibabin’s hydrocarbon, 63
chrysene
delayed fluorescence, 372
energy and lifetime of lowest triplet
state, 44
T-T absorption, 230-1
triplet formation efficiencies, 386
condensed media, triplet states, de-
excitation rates, 237
conjugated biomolecules, 489-92
coronene, energy and lifetime of lowest
triplet state, 44
cytosine, uracil, ground and triplet
states, spin densities in lowest
triplets, 519-21

Davydov splitting, 290-1
decay time measurements, analysis from,
33641
delayed fluorescence
anthracene, temperature
4256-30
applications of measurement, 383
aromatic hydrocarbons in ether-pen-
tane-ethanol glass, 372
benz(a)pyrene in ethanol, 372
chrysene, naphthalene, phenanthrene,
372
decay
57
E-type (eosin type): in fluid solu-
tion, 358-63; in rigid media, 356~
8
impurities, 255
mutual sensitisation, 381
optical density dependence, 246
P-type, 363-5: at high rates of light
absorption, 370-1; in rigid medium,
371-5; mechanisms in fluid solution,
365-70; sensitised, 378-83
pyrene in ethanol, 368
recombination, 375-8
sensitised anti-Stokes, 380
solutions, 353-90
time dependence, 330
delayed luminescence, pyrene solutions,
407-14

function,

constant dependences, 242—

deoxynucleotides, GMP, AMP, CMP
phosphorescence, 527
diazofluorene
direction cosines of fine-structure ten-
sors, 72

fluorenylidene in, 69
proposed erystal structure, 73
dibenzanthracene, 44
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dibenzophenanthrene,  dibenzopyrene, excitation and de-excitation, magnetic
energy and lifetimes of lowest triplet field effect on paths, 1224
state, 44 excitation energy transfer
dinucleotides aromatic amino acids, 492—3

AppAcC, phosphorescence decay and
ESR triplet signal, 494
excitation energy transfer, 493
dipeptides, excitation energy transfer,
496
diphenylethylene, possible structure, 73—
5

diphenyhmethylene, fine structure, 85
dipole-dipole interaction
spin-orbit contribution to fine struc-
ture term, 65
unpaired electrons, 66
Dirac equation, 8
DNA
identification of, 507-10
thymine triplet excitation paths and
products, 511-14
triplet state of, 505-14
double resonance, 87
fluorenylidene, electron nuclear fre-
quency shifts, 89
durene
charge transfer donor, 433-8
energy diagram of molecule in, 149-
50
impurity in naphthalene, 396
naphthalene triplet ESR spectrum in,
155

electron—nucleus interaction term, 77-9
electron Zeeman term, 76
electron resonance
under continuous irradiation, 128--9
optical detection of transitions, 129-

30
electronic relaxation, 213
emission spectra, TCPA and HMB

complex, 435
emissive lines, 138
energy level diagram, triplet-state mole-
cule, 70
Eppley thermopile, 457-8
electron spin resonance (ESR)
change induced in phosphorescent
light, 149-53
experimental system for optical de-
tection, 153-5
mono- and poly-nucleotides, 509
naphthalene mixed crystals investiga-
tions, 133-40
optical detection, 157-8
signal to noise ratio, 160-1
excimer fluorescence, pyrene, 407-14

biomolecules, triplet states, 492-9
dipeptides and proteins, 496
mixed aggregates in ice, 493-6
nucleotides and dinucleotides, 492-3
exciton dynamics, 291-300
exciton-photon coupling constant, singlet
Frenkel excitons, 293
extinction coefficients triplet-triplet tran-
sitions in anthracene, 44753

Faraday balance, 316
fine structure term, 65-76
flash photolysis
acridine triplet-energy transfer from
biacetyl, 439-45
anthracene triplet-triplet transitions,
extinction coefficients, 447-53
flavins, electronic structure of lowest
triplet state, 489-91
fluoranthene
delayed fluorescence spectra, 245
energy and lifetime of lowest triplet
state, 44
sensitised delayed fluorescence of
impurity, 255
triplet to triplet energy transfer
probability, 384
vapour phase decay constant, 251
fluorene, energy and lifetime of lowest
triplet state, 44
fluorenylidene
electron nuclear double
frequency shifts, 89
fine structure, 85
magnetic resonance in diazofluorense,
69
fluorescence: see also delayed fluorescence
anthracene-pyrene mixed crystal spec-
tra, 463
life time in degassed EP solution, 436
forbidden transitions, 1-6
spin-forbidden, 4-5
symmetry-forbidden, 4
formaldehyde, zero-field splitting, 60
Forster’s decay function, 54-7
Franck—Condon factors
aromatic hydrocarbons, 34, 61
non-orthogonality of vibrational wave
functions, 33
radiationless transitions, 38
Frenkel excitons
interaction with intramolecular vibra-
tions, 292

resonance
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singlet, coupling constant, 293
g-fold degenerate oscillator, 221
gas-phase
photochemistry of excited states,
detection and estimation, 1846
triplet states, 18394
Green’s function, 313
solution of general equations, 48-9
guanine
uracil, ground and triplet states, spin
densities in lowest triplets, 519-21
zero-field splitting, 523

Hamiltonian
derived from quantum electrody-
namics, 10
experimental spin parameters, pheno-
xazine and phenothiazine, 482
spin interactions, 6-11, 64-5
hexahelicene, energy and lifetime of
lowest triplet state, 44
hexamethylbenzene, charge transfer
donor, 433-8
Hiickel orbital, 74
hyperfine splitting, naphthalene mixed
crystals, 1356-7
hyperfine structure term, 77-9

indole, zero-field splitting, 523
infra-red multiplier, Amperex, 230
intersystem crossing, 1
aromatic hydrocarbons, 31-45, 229-35
isoalloxazine, zero-field splitting, 523
isotope rule in radiationless transitions,
38

Jahn Teller instability, 114
Kubo’s formalism, 297

laser excitation of triplet excitons in
anthracene crystals, 329-42
lifetimes and luminescence efficiency,
54-7
Lindemann mechanism for unimolecular
excimer, 241
linear response theory,
malism, 297
London dispersion energy, 219
low temperature experiments, molecular
excitation and de-excitation, 118-30
luminescence: see also delayed lumine-
scence
chlorophylls and porphyrins, 485
efficiency and lifetimes, 547
quenching in nucleoside mixtures and
polynucleotides, 495

Kubo’s for-

M -lines, 139-40
magnetic effects of excitation and de-
excitation paths, 122-4
magnetic experiments at liquid helium
temperature, 124-30
magnetic phosphorescence-related inter-
actions, 101-32
magnetic susceptibility: triplet excitons,
315-28; Wurster’s Blue Perchlorate,
315-28
magnetic resonance
fine structure term, 65-76
signal intensities in napthalene, 97
spectra of organic molecules in triplet-
state single crystals, 63-100; appli-
cations of methods, 91; hyperfine
interactions, 79-81
mesitylene, charge transfer donor, 4338
methoxynaphthalene triplet formation
efficiencies, 386
methylnaphthalene magnetic resonance
signal intensities, 97
mixed aggregates in ice, excitation
energy transfer, 493-6
molecular complexes, charge transfer
triplet state, 433-8
molecular excitation and de-excitation,
low temperature experiments, 118
30
monomers
phosphorescence, 508
fluorescence, pyrene, 407-14

naphthalene

axis systems and polarisation, 68

delayed fluorescence, 372

durene impurity in, 396

energy and lifetime of lowest triplet
state, 44

energy level diagrams,
crystals, 145, 149-50

ESR investigations of mixed crystals,
133-40

ESR-optical double quantum results,
176

hg as guest in dg, 397-400

lowest triplet state in durene, 155-60

M -lines width, 13740

methyl-naphthalene guest in naph-
thalene, 394-5

multiple molecular orientations, 151-3

optical investigations of triplet state,
393-40

oxidation potentials, 198

phosphorescence spectra, 394-400

proton hyperfine interactions, 81

thionaphthene impurity in, 396

in durene
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naphthalene (cont.)
triplet state, 93; Davydov splitting,
291; ESR spectrum in durene, 155;
formation efficiencies, 386; spin
densities, 82
triplet to triplet
probability, 384
triplet-triplet extinction coefficients,
451
vapour phase,
constant, 251
X-traps in, 395-7
zero-field splitting, 523
nitroxide biradicals and polyradicals, 141
non-reversible quenching of triplet state,
251-3
nuclear Zeeman term, 77
nucleic bases, triplet states characteris-
tics, 515-24
nucleotides (see also dinucleotides)
ESR properties, 509
excitation energy transfer, 492-3

energy transfer

triplet state decay

optical pumping, spin polarisation de-
tection, 124-5
organic molecules
magnetic resonance spectra, 63-100
single-triplet transitions in, 29
spin-orbit interactions in, 1
triplet states: excitation in, 403-5;
interpretation of, 26
organic single crystals energy transfer,
93-8
organic trace analysis from sensitised
delayed fluorescence, 3878

paramagnetic resonance
aromatic molecules
triplet states, 143-70
photo-excited biological molecules in
lowest triplet state, 480
signals as temperature function, 94
tetramethylpyrazine, triplet state, 163
Pariser wave function, 74
Pauli principle, 66, 276-7
perylene
delayed fluorescence: in liquid paraffin
solutions, 377; in vapour phase, 246;
spectra, 244
spectra of ions, 202—4
perylene and benzperylene fluorescence
spectra, 244
phase angle, dependence on acceptor
concentration, 54-7
phase fluorimetry, 52-4
phenanthrene
axis systems and polarisation, 68

in metastable

delayed fluorescence, 372-3
energy and lifetime of lowest triplet
state, 44
EPR lines, Gaussian synthesis, 172
hyperfine patterns in diphenyl, 80
kinetics of excited states of vapour,
391-2
sensitised delayed-fluorescence of im-
purity in, 255
T-T absorption, 230
triplet formation efficiencies, 386
triplet state, 93: decay constant in
vapour phase, 251
zero-field splitting, 523
phenoxazine and phenothiazine
experimental spin Hamiltonian para-
meters, 482
hyperfine structure
483
lowest triplet state, electronic proper-
ties, 481-5
phosphorescence
decay and ESR triplet signal of
AppAcC dinucleotide, 494
decay at liquid helium temperatures,
125-8
delayed: see delayed fluorescence
in fluid solution, 358-63
light change induced by ESR, 149-53
maxima in EP solution, 436
metastable triplet state, 485
monomers, calf-thymus DNA and
poly-dAT, 508
normal and delayed, pyrene in ethanol,
367-8
polarised in magnetic field, 144-9
related magnetic interactions,
32
TCNB complexes, spectra, 434
phosphorescent and ground states,
Franck—Condon overlap integrals,
24
phosphorescent radiation
aromatic molecules paramagnetic re-
sonance changes, 143-70
polarised, from naphthalene triplet
state, 155-6
phosphorescent state
population and depopulation,
polarisation, 120-2
triphenylene, paramagnetic, 12
photochemical reactions
biomolecules, triplet states, 492-9
measurement by delayed fluorescence,
388
photochemistry, triplet states in gas-
phase, 83-94

of transitions,

101-

spin
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photo-excitation, organic molecules tri-
plet states, 403
photo-ionisation, purine nucleosides, 497
photoluminescence mechanisms, 354
photomultiplier, Amperex, 230
photo-oxidation, sensitised, 201-4
photo-reduction, hydrogen abstraction
from solvent molecules, 497
phthalic anhydride (PA), charge transfer
acceptor, 433-8
picene, T-T absorption, 230-1
m-electron distribution in triplet state
of biocompounds, 518-21
polarisation in quinoxaline, 118-30
polyphenyls
MecClure plots, 421
triplet state in rigid glasses, 415-23
porphyrins
and chlorophyll, luminescence proper-
ties, 485
ESR spectra of lowest triplet state,
487
metastable triplet state, 485
triplet-triplet absorption spectra, 485
proflavine, triplet to triplet energy
transfer probability, 384
proteins, excitation energy transfer, 496
proton, hyperfine interactions in naph-
thalene, 81
purine
nucleosides, photo-ionisation, 497
zero-field splitting, 523
pyrene
delayed fluorescence in rigid media,
373
energy and lifetime of lowest triplet
state, 44
fluorescence spectra of vapour, 243-
6
monomer and excimer fluorescence,
407-14
normal and delayed fluorescence in
ethanol, 367-8
oxidation potentials, 198
solutions, delayed luminescence and
triplet quantum yields, 407-14
temperature dependence of solutions,
411-14
T-T absorption, 234-5
triplet to triplet energy transfer
probability, 384
vapour phase decay constant, 251
pyrene-anthracene mixed crystal,
fluorescence spectra, 463
pyrimidines, uracil, ground and triplet
states spin densities in lowest
triplets, 518-21

quenching of triplet state, 251-7
quinoxaline
electronic energy levels, 118-30
lower electronic states, 102
phosphorescence decay at liquid helium
temperature, 125-8
phosphorescence, polarisation, 118-30

radiationless transitions
aromatic hydrocarbons, 31
big and small molecule limits, 216-18:
intermediate case, 218-20
coupling energy, 223—4
experimental results, résumé of, 224
Franck—-Condon factors, 38
gaseous benzene, 213-27
isotope rule, 38
singlet-triplet, 38
reaction kinetics in single crystals, 91-3
resonance energy transfer
cell model, 49-52
Forster’s statistical analysis, 51
phase fluorimetry, 52—4
statistical aspects, 47-58
reversible quenching of triplet state,
2534
riboflavin
ESR spectrum of lowest triplet state,
490
rigid solutions, energy transfer from
triplet state, 181
ruby laser, exciting delayed fluorescence,
330
Rydberg levels of polyatomic molecules,
349-50
Rydberg states, 279
pseudo-potential theory, 266-79
Rydberg transition, 209

sensitised photoxidation, 2014
sensitiser
decay as function of time, 50
dependence on acceptor concentration,
547
single crystals
diphenyl, triplet energy transfer, 95-6
organic, energy transfer in, 93-8
reaction kinetics, 91-3
singlet Frenkel excitons, 293
singlet-triplet
requirements for mixing, 116
transitions, 11-15: organic molecules,
29; radiationless, 43
Slater C orbital, 81
Slater determinant, 22
Slater type orbitals, basis sets for Be 38
states, 274
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solvated electrons in boric acid glass,
199-201
‘Spectrosil’ optical windows, 330
spin densities
triplet-state biocompounds, 518-24
triplet-state naphthalene, 82
spin-forbidden transitions, 4-5
spin-spin coupling, 107-13
spin Hamiltonian
and its matrix elements, 106-30
parameters for photo-excited triplet
states, 74
photo-excited triplet and substituted
methylene, 65
spin interactions
contribution to fine structure term, 65
Hamiltonians, 6-11
spin-orbit interactions
contribution to fine structure term, 65
coupling, 1, 113-18
coupling matrix, benzene, 59
molecules in, 16-20
numerical evaluation, 20-24
organic molecules in, 29
zero-field splittings, 24
spin polarisation, optical pumping, 124
surface quenching of triplet state,
256-17
symmetry-forbidden transitions, 4

T-T absorption, aromatic hydrocarbons,
230-5
T-T transition, polarisation and solvent
effects, 195-6
terphenyl, energy and lifetime of lowest
triplet state, 44
tetracene
energy and lifetime of lowest triplet
state, 44
oxidation potentials, 198
tetrachlorophthalic anhydride (TCPA),
charge transfer acceptor, 433-8
tetracyanobenzene, charge  transfer
acceptor, 433-8
tetramethylpyrazine, paramagnetic re-
sonance of triplet state, 163
thionaphthene, impurity in naphthalene,
396
Thomas factor, 8
thymine, zero-field splitting, 523
thymine triplet in DNA, excitation paths
and products, 511-14
TCNQ radical ion salts, 327
transition probabilities as eigenfunctions
of Hamiltonians, 13
transitions
Rydberg, 209

singlet-triplet, 11
triplet-ground state, 39-43
triplet-singlet: theoretical derivation of
probabilities, 12

triplet-triplet: absorption spectra of
porphyrins, 485; annihilation rate
constant, 298; anthracene, extinction
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