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Absorbance, of diarylethene, 263
Absorbance change, pump intensity
versus, 262
Absorption. See also Excited state absorption
(ESA); Femtosecond transient absorption
measurements; Linear absorption
coefficient; Multiphoton absorption;
Nonlinear absorption coefficient (f);
Nonlinear absorption data; One-photon
absorption (OPA); Steady state absorption
spectra; Three-photon absorption; Transient
absorption; Two-photon absorption (TPA)
linear, 205
nonlinear, 190-191
Absorption cross sections, 118. See also OPA
cross section; TPA cross section (0)
Absorption spectra, 82, 83, 86, 88-89, 97, 101,
102, 103, 181. See also TPA spectra
of anthracene, 160
of conjugated polymers, 170
of excited-state xanthone ketyl radicals, 90
of irradiated stilbene, 58-61
of 1-methoxynaphthalene, 76-77
of methyl-substituted ladder-type
poly( p-phenylene), 163-165
of 1-NpCH,-OBP, 73
of oligothiophenes, 84
steady state, 14-15, 38
transient, 37-45

Acceptor groups, in symmetric donor-acceptor-
donor chromophores, 226

(Acceptor-m);-donor chromophores, 246247,
248

Acceptor-m-acceptor (A-n-A) compounds,
symmetric, 215-225

Acetonitrile, 58

Acetylene mesomer, of polydiacetylene,
168-169

Acousto-optic measurements, 145

Acrylamide, TP initiated polymerization of,
274, 278

Acrylate monomer, in three-dimensional
microfabrication, 289-290

Acrylates, TP initiated polymerization of, 274,
275, 276, 278, 286, 289

Acrylonitrile, in 3D data storage, 302

Addressing, in 3D data storage, 300-301

Alkenes, infrared multiphoton excitation
isomerization of, 260

Alkoxy groups, in nonlinear absorbing
chromophores, 252, 253, 254

Alkylene groups, in octupolar chromophores,
247, 248

Alkylhalides, pulse radiolysis in, 58

Alkylsulfonyl substituent, in symmetric
donor-acceptor-donor chromophores, 226

AM1 approach, 125

Amino acids, TPEF and, 255
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Amino nitrogen, in octupolar chromophores,
243-244, 245
N-(4-Aminophenyl)fulgimide, as 3D data
storage material, 299
4,4'-Amino-stilbenes, 197, 202
Amino-substituted distyrylbenzene, 289, 290
Amplitude, chromophore number and, 18
AN152, medical applications of, 260, 318
Angle dependence, between monomer units, 180
Anisole (ANS), 58-60, 61
Anisotropy decay times, 18, 19, 20-21
Anisotropy decay traces, 19, 21-22
Annihilation processes, 44, 47. See also
Singlet-singlet annihilation
Anthracene
energy gap law and, 70-71
TPA spectra of, 160
Anthracene moieties
in octupolar chromophores, 239
in symmetric donor-acceptor-donor
chromophores, 231
in symmetric donor-n-donor chromophores,
209-210, 210
Anthraquinones, 64
Anti-Stokes—Raman scattering, 121
Apertureless NSOM, in three-dimensional
microfabrication, 285, 289
Aromatic hydrocarbons (AHs)
energy gap law and, 70-71
multiphoton absorption by, 157
Aromatic resonance, 182
Aromatic rings, TPA data for, 158, 159
Arylene-ethylene pattern, in octupolar
chromophores, 240
ASPT lasing dye, in upconverted lasing,
321, 322
Autofluorescence of tissue, 317
Average initiation rate, of radical
polymerization, 279
Average molecular weight, 178
Azaxanthone (AX), excited-state ketyl radicals
of, 88-89
Azobenzenes
donor-acceptor substituted, 187
in nonlinear absorbing chromophores, 251

B3LYP geometries, for two-photon absorption,
126-128

Band formation, 179-180. See also Optical
band-gap materials

INDEX

Barbituric acid moiety, in symmetric
acceptor-n-acceptor chromophores,
220-221, 222

Bathochromic shifts, 126-128

of nonlinear absorbing chromophores, 254
of octupolar chromophores, 240
of symmetric donor-acceptor-donor
chromophores, 230
Bay-functionalized perylene bisimide, 7-8
Beam pulse shapes, 297
for quantifying TPA cross section, 145-146,
147, 149-150, 151, 152
in three-dimensional microfabrication, 284,
287
Beam-sample interaction area, 283
Benzene(s)
TPA data for, 158, 159
TP transition in, 139

Benzene moiety, in octupolar chromophores,
242,243

Benzene ring, in nonlinear absorbing
chromophores, 254-255

Benzocyclobutene, 94-95

Benzophenone (BP), 4-5

bond dissociation from T, states in, 72-74

excited-state ketyl radicals of, 85-88, 89-90

naphthalene T, states and, 66—67

substituent effects on T,, state lifetimes of,
71-72

Benzophenone derivatives (BPD), excited-state
ketyl radicals of, 85-88, 89

Benzophenoxazin dye, as 3D data storage
material, 299

6-Benzothiazol-2-yl-(2-naphthyl)
diphenylamine, in optical circuits, 309

7-Benzothiazol-2-yl-9,9-diethyl-fluoren-2-yl-
diphenylamine, in 3D data storage, 294

Benzothiazole groups, in symmetric acceptor-m-
acceptor chromophores, 223-224

Benzothiazolyl group, 295

1-[(4-Benzoylphenoxy)methyl|naphthalene
(1-NpCH,—OBP), bond dissociation from
T, states in, 72-74

2-[(4-Benzoylphenoxy)methyl]naphthalene
(2-NpCH,-OBP), 100
bond dissociation from T, states in, 73-74

Biexcitonic states, 171

Bifluorenyl model dimer, 174

Bi mechanistic optical power limiter, 324

Biological structures, TPEF of, 255
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Biomedical applications, of two-photon
absorption, 315-321
Bioprobes, fluorescent, 255, 256, 259-260
Biphenyl, 63, 64, 204, 205
Biphenyl hinge, 203, 204
Biphenyl moiety, in symmetric acceptor-n-
acceptor chromophores, 224
[(1,8-Bis[(4-benzoylphenoxy)
methyl]naphthalene (1,8-(BPO-CH,),Np),
stepwise bond photocleavage in, 100-103
(E,E.E.E,E,E)-1,13-Bis-[4-
(diethylamino)phenyl-tri-deca-
1,3,5,6,8,10,12-hexaen-7-one, 274, 275,
276
2,7-Bis[[4-(dimethylamino)phenyl] methylene]-
cycloheptanone, 277, 278
2,5-Bis(alkylsulfonyl)benzene unit, in
symmetric donor-acceptor-donor
chromophores, 226
Bis-dioxaborine units, in symmetric
acceptor-n-acceptor chromophores,
221, 223
Bis(diphenylamino)diphenyl hexatriene
in holographic recording, 306-307
in 3D optical data storage, 303-304
4,4'-Bis(N,N-dimethylamino)benzophenone,
280
1,1-2,2'-Bis(o-chlorophenyl)-4,4',5,5'-
tetraphenyl-bisimidazole, 278
p-Bis(o-methylstyryl)benzene, as TPA
measurement standard, 159
1,2-Bis-[(phenylthio)methylbenzene], laser
photolysis of, 265, 266
Bis(pyridylstyryl)-substituted diacetylene unit
in symmetric acceptor-n-acceptor
chromophores, 221, 222
Bit erasing, in 3D data storage, 299, 303
B(mesityl), group, in neutral donor-w-acceptor
chromophores, 191-192
Bond dissociation, from T, states, 72-75
Bond length alternation (BLA), 174-175, 182
in symmetric donor-r-donor chromophores,
210
two-photon absorption and, 130-132
Born—-Oppenheimer approximation, two-photon
excitation and, 139-140
Boron
in ionic donor-n-acceptor chromophores, 196
in neutral donor-m-acceptor chromophores,
191
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in symmetric acceptor-r-acceptor
chromophores, 220, 223
Bragg diffraction
in optical band-gap materials, 305
in upconverted lasing, 322
Brilliant Green, 237-238
Bromine, 269
Butadienes, infrared multiphoton excitation
isomerization of, 260
Butatriene mesomer, of polydiacetylene, 168169
t-Butyl methacrylate, 290

C625, medical applications of, 259-260
Cancer
photodynamic therapy for, 91-94, 318-321
TP applications in treating, 315, 316, 318
Carbazole, 202
Carbazole moieties, in symmetric acceptor-r-
acceptor chromophores, 216, 224-225
Carbon nanotubes, in limiting laser optical
power, 324
Carbon-silicon (C-Si) bond, bond dissociation
of, 74-75
Carbon tetrachloride (CCly)
electron transfer to, 76-80
naphthalene T, states and, 67-70
Cationic polymerization, two-photon initiated,
281-283
Cavity lasing, 321
C—C cleavage, in infrared multiphoton excitation
isomerization, 260
Cell imaging, 315, 317-318
Centrosymmetric chromophores, three-level
TPA model for, 136-139
CEO-INDOY/S procedure, 13. See also ZINDO/S
package
Change of state dipole moment (Ayg;)
in ionic donor-m-acceptor chromophores,
194-195, 196-197
in neutral donor-zm-acceptor chromophores,
183-185, 186
in octupolar chromophores, 233, 237
in symmetric donor-n-donor chromophores,
198-201
Change of transmission. See Nonlinear
transmission methods
Channel structures, 290, 291
Charge separated resonance structure, bond
length alternation and, 132
Charge-shift probes, 193
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Charge transfer (CT), 3
in octupolar chromophores, 233, 236
Chemical reactions, multibeam-irradiation-
induced, 55-57
Chemotherapy, 255, 259-260
TP fluorescence in, 318
Chinoid pattern, 196
Chirp, 152
Chromophore conjugation, 134
Chromophore design, two-photon absorption
optimization and, 156-255
Chromophore-labeled dendrimers, 5-6
Chromophores. See also Chromophore design;
Multichromophoric systems; TP
chromophores
bond length alternation in, 130
calculating distances between, 22
diphenylaminofluorene-based, 207
dipolar, 182-197
dithienothiophene-based, 207-208
future applications of, 329, 330
with large m-systems, 157-182
in nanoclinics, 315
neutral donor-n-acceptor, 182-193
in nonlinear TPA measurements, 154155
in numerical TPA simulations, 156
octupolar, 233-250
in photodynamic therapy, 319
photo-orientation of, 262
polymers with nonlinear absorbing, 250-255
“propeller shaped,” 233-250
quadrupolar, 136, 237
quantifying TPA cross section in, 144,
149-150, 152-154
singlet oxygen and, 266-267, 268
spectra and, 14-15
in structural isomers, 12-13
surface plasmon effects in, 140-143
symmetric acceptor-n-acceptor, 215-225
symmetric donor-acceptor-donor, 225-233
symmetric donor-n-donor, 197-215
in two-level TPA model, 134
two-photon absorbing, 6
two-photon excitation of, 116, 118, 122,
123-125
two-photon excited fluorescence of, 255-260
in two-photon initiated cationic
polymerization, 281-283
ultrafast energy hopping between, 21
in upconverted lasing, 321-323

Chromophoric backbones, 2, 3
Chrysene (CHR)
direct observation of T, states in, 85
energy gap law and, 70-71
Circular grating structure, in upconverted lasing,
322,323
cis—trans isomerization, of stilbene, 58-61, 64.
See also trans—cis photoisomerization
Coinitiators, 272-274, 278
Collection efficiency (1co1), 152
Collimated light, in nonlinear TPA
measurements, 154—155
Complex metal ions, fluorescent chromophores
and, 258
Complex refractive index, 120
Computer applications. See Three-dimensional
data storage
Concentration of propagating radicals, in radical
polymerization, 279-280
Concerted mechanism, of dissociative ELT,
80-81
Condensed aromatic rings, TPA data for, 158
Conjugated oligomers, two-photon absorption
by, 160-182
Conjugated polymers
bearing PPV pattern, 169-170
TPA data from, 181-182
two-photon absorption by, 160-182
Conjugating rods, in symmetric donor-n-donor
chromophores, 204-205, 205-206. See also
Connecting rods; Rod shapes
Conjugation chain, in symmetric donor-n-donor
chromophores, 211-212
Conjugation length, 169
effective, 175-177, 178
of phenyl-substituted ladder-type
poly( p-phenylene), 166—167
Connecting rods. See also Conjugating rods
in (donor-m);-donor chromophores, 244
in symmetric donor-acceptor-donor
chromophores, 231
in symmetric donor--donor chromophores,
204-205, 205-206
Continuum beam, in nonlinear TPA
measurements, 154—155
Coulomb interactions, 11-12
Coumarin-2 dyes, 5-6
Coumarin-305, in fabricating optical band-gap
materials, 305-306
Coumarin-343 dye, 6
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Coupling energy (Ecoup), in octupolar
chromophores, 236
Coupling mechanism, of octupolar
chromophores, 240
Covalent bonding, two-photon absorption and,
173-174
Crosslinked polymers, in 3D data storage,
301
Crosslinked TP initiated polymerization, 279
Crosslinking
simultaneous two-photon initiated, 272-283
in two-photon initiated cationic
polymerization, 281
Crotonic esters, infrared multiphoton excitation
isomerization of, 260
Crotonitrile, infrared multiphoton excitation
isomerization of, 260
Crystallization, fabricating optical band-gap
materials via, 305
Crystals. See also Liquid crystals (LCs);
Photonic crystals
as optical band-gap materials, 305
organic molecular, 328
Crystal Violet, 237-238
Cubic trenches, 291
Cyano groups, 269-270
in neutral donor-m-acceptor chromophores,
190-191
in symmetric donor-acceptor-donor
chromophores, 229, 230, 231
Cycloaddition
of o-quinodimethane, 94-96
TP-excitation initiated, 115
two-photon induced, 265-266, 267
Cyclobutenes, infrared multiphoton excitation
isomerization of, 260
Cyclophane derivatives, of symmetric donor-n-
donor chromophores, 212-214

Damping factors, 123, 126
Data storage
holographic, 302-303
three-dimensional, 115, 293-304
Davydov splitting, 215
Decay times, 34
Degenerate four-wave mixing, 145
Degenerate TPA, 121
o0 values. See TPA cross section (d)
Dendrimers, 2
chromophore-labeled, 5-6

energy transfer among, 2-10
first generation, 10
metal-containing, 3—4
naphthalene, 4-5
phenylacetylene, 2-3
phenylacetylene-based, 9—10
polyacetylene, 3
polyphenylene, 2, 8-9
poly(propylene-imine), 7
in radical polymerization, 280
second generation, 10, 11
spectra of first generation, 14-15
Dendrimer systems
distyrylbenzene, 7
triarylamine, 7
Dendritic structures, ensemble photophysics of
rigid polyphenylene-based, 1-51
Density functional theory (DFT), for two-photon
absorption, 126-128
Density of radicals (p), in radical
polymerization, 281
Depolarization, fast, 20, 21
Depolarization time constant, 19
De Schryver, F. C., 1
Dexter interactions, 3
Dialdehyde unit, in nonlinear absorbing
chromophores, 252, 253
Dialkylamino group
in neutral donor-m-acceptor chromophores,
190-191
in octupolar chromophores, 237
Dialkylaniline pattern, of symmetric donor-
acceptor-donor chromophores, 229
Diaroyl(methanato)boron difluorides, 223
Diarylethene, absorbance of, 263
Dibenzanthracene (DBA), energy gap law and,
70-71
Dichlorobenzene (DCB), naphthalene T, states
and, 68-70
1,2-Dichloroethane, 58, 59
1,2-Dicyano-1,2-bis-(2,4,5-trimethyl-3-
thienyl)ethane, two-photon induced
isomerization of, 260-261
cis-1,2-Dicyano-1,2-bis(2,4,5-trimethyl-3-
thienyl)ethane, 302
Dicyanoanthracene, 64
Dicyanobenzene (DCNB), naphthalene T, states
and, 68-70
4-(Dicyanomethylene)-2-methyl-6-(4-
dimethylaminostyryl)4H-pyrane, 280
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Dicyanomethylidenedihydrothioene moiety, in
symmetric acceptor-m-acceptor
chromophores, 221, 222

1,4-Dicyanonaphthalene (DCN), 91

Diels—Alder cycloaddition, 12, 45

Diethyl vinylbenzylphosphonate, in 3D data
storage, 294

Differential interference contrast (DIC) optics,
in 3D data storage, 294

Difuranonapthalenes, singlet oxygen and,
268-269, 270

Diisocyanate moiety, in nonlinear absorbing
chromophores, 252

Dimesitylboryl group, in symmetric acceptor-r-
acceptor chromophores, 220

1,2-Dimethoxybenzene, in symmetric
donor-acceptor-donor chromophores, 229

4.,4'-Dimethoxybenzophenone, excited-state
ketyl radicals of, 87-88, 89

5,7-Dimethoxycoumarin, cycloaddition of, 265,
267

3-[1-(1,2-Dimethyl-1H-indol-3-yl)-ethylidene]-
4-isopropylidene-dihydrofuran-2,5-dione

in 3D data storage, 302
two-photon induced isomerization of,
262-263

2,2'-Dimethyl-distyrylbenzene, 219

N,N-Dimethylformamide, 64

Dimethylsulfoxide (DMSO), 146, 147

Dioxaborine unit, in symmetric acceptor-7-
acceptor chromophores, 221, 223

Dipentaerythritol pentaacrylate, in 3D optical
data storage, 303-304

Diphenylaminofluorene-based chromophores, 207

Diphenylamino group

in neutral donor-m-acceptor chromophores, 189
for symmetric donor-n-donor chromophores,
208-209

Diphenylanthracene, 169-170, 171

Diphenylbutadiene, trans—cis
photoisomerization of, 264-265

1,2-Diphenylcyclobutene (CB), 61

Diphenylpolyenes

with more than two ethylene moieties, 171
TP excitation spectra of, 171
trans-Diphenylpolyenes, TPA cross section in,
157-159

Di( p-methoxyphenyl)methyl chloride
(An,CHCI), three-color three-laser
photochemistry of, 99-100

INDEX

Dipolar chromophores, 182-197
OPA and TPA of, 186
Dipolar chromophore structure
bond length alternation and, 132
in two-level TPA model, 133
Dipole, transition, 178, 180, 186
Dipole moment (M), 123. See also Transition
dipole moment (M,,,,,)
induced, 120
of ionic donor-m-acceptor compounds, 193
transition, 175-177, 180-181, 190
Dipole moment changes (Apu), 123
in two-level TPA model, 133
Direct excitation, of retinal, 265
Disperse Red, 251
Distyrylbenzene, amino-substituted, 290
Distyrylbenzene dendrimer systems, 7
Distyrylbenzene derivatives
in singlet oxygen generation, 269-270
as symmetric donor-acceptor-donor
chromophores, 229-230
as symmetric donor-n-donor chromophores,
202-203
TPA data for, 159
Distyrylbenzene moiety
in nonlinear absorbing chromophores, 252,
253, 254
in symmetric acceptor-m-acceptor
chromophores, 220
in symmetric donor-w-donor chromophores,
213
in two-photon initiated cationic
polymerization, 282
Dithienothiophene-based chromophores, 207-208
DNA cleavage method, 98
DNA damaging, two-color two-laser, 91-94
Donor—acceptor distances, 21
Donor-acceptor-donor (D-A-D) compounds,
symmetric, 225-233
(Donor-m)3-donor chromophores, 243-244, 245
(Donor-m)3-n chromophores, 242-243
(Donor-m-acceptor)s-donor chromophores, 247,
249
Donor-n-acceptor (D-n-A) compounds
ionic, 193-197
neutral, 182-193
Donor-n-donor (D-n-D) compounds
symmetric, 197-215
in three-dimensional microfabrication, 286
as TP initiators, 274
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Doracure photoinitiators, 272, 273

Double-conjugated-segment molecules, 225

Doublet states, excited, 55

Driving force (-AGgrr), in electron transfer,
77-78

Drug delivery screening, 315

Effective conjugation length (n.), 175-177, 178
Effective emitter concentration, 178
Effective molecular weight, 177-178
Efficiency (E), 20
Electron affinity, of symmetric donor-acceptor-
donor chromophores, 230
Electron beams, from linear accelerator, 54
Electron density, in symmetric donor-acceptor-
donor chromophores, 229, 230
Electron ejection, from NDI, 93
Electronic coupling, 124, 169
in polyacetylene dendrimers, 3
singlet oxygen and, 266267
Electronic excitation transfer, 10-14
Electronic state parameters, 175
Electron-rich moieties, in symmetric donor-n-
donor chromophores, 208-209
Electrons, in surface plasmon effects, 141
Electron transfer (ELT), 68. See also ELT entries;
Marcus ELT theory; Photoinduced ELT;
Selective ELT quenching
in dendritic macromolecules, 2—10
photoinduced, 272-274
secondary, 58
“sticky” dissociative, 79
in TiO, photocatalytic reactions, 96-98
from T, states, 75-81, 82
in two-photon initiated cationic
polymerization, 281-282
Electron-withdrawing groups, 219, 225-226
in octupolar chromophores, 246-247, 248
ELT pathways, of excited-state benzophenone
ketyl radicals, 88—89. See also Electron
transfer (ELT)
ELT quenching, 68
Emission maxima, 295-296
Emission spectra, steady state, 14—15
Emission wavelength, chromophore number
and, 18
Energy exchange rate, 121
Energy gap law, T, states and, 70-71
Energy hopping, 23-24
singlet—singlet annihilation versus, 4445, 46
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Energy relaxation processes, 285
Energy transfer (ENT) process, 66, 6870, 75.
See also ENT quenching
in dendritic macromolecules, 2—-10
Ensemble photophysics, of rigid polyphenylene-
based dendritic structures, 1-51
ENT quenching, 68-70, 91. See also Energy
transfer (ENT) process
Epoxy resins
in holographic recording, 307
in optical circuits, 309
TP initiated polymerization of, 286
Erasing, in 3D data storage, 299, 303
1-Ethylnaphthalene, electron transfer from T,
states in, 77, 79
Ethynyl-anthryl moiety, in octupolar
chromophores, 239
Ethynyl-phenylene-ethynyl connector, in
symmetric donor-n-donor chromophores,
211-212
“Excimer-like” entity, 18
Excitation, multistep, 54. See also TPE entries;
TP excitation maxima; TP excited states;
Two-photon excitation (TPE)
Excitation energy, 123, 126, 127, 169
in multichromophoric compounds, 25-37
Excitation intensity, TPEF and, 165, 166
Excited ketyl radicals, studied via two-color
two-flash photolysis, 85-91
Excited radical anions, pulse radiolysis of, 64—65
Excited radical cations
fluorescence from, 61-64
pulse radiolysis of, 58-61
studied via two-color two-flash photolysis, 91
Excited state absorption (ESA), 38
in two-photon absorption, 117, 123-124
Excited state processes, in multichromophoric
systems, 2—-10
Excited states, 55. See also TP excited states
Exciton coupling energy, in symmetric donor-n-
donor chromophores, 213
Excitonic states, 171
Exciton model of linear aggregates, 175
Extinction coefficient (¢), 134
in ionic donor-m-acceptor chromophores,
194-195
in neutral donor-m-acceptor chromophores,
183-185
of nonlinear absorbing chromophores, 253
in octupolar chromophores, 234-235



362

Extinction coefficient (¢) (Continued)
in symmetric acceptor-r-acceptor
chromophores, 217-218
in symmetric donor-acceptor-donor
chromophores, 227-228

in symmetric donor-n-donor chromophores,

198-201, 202

Fabrication techniques, for optical band-gap
materials, 305-306, 307
Face-centered cubic (fcc) crystals, in optical
band-gap materials, 305
Fast depolarization, 20, 21
Femtosecond fluorescence upconversion
measurements, 25-37, 44
Femtosecond (fs) lasers, 54, 98
multiphoton excitation via, 113-114
quantifying TPA cross section via, 144,
147-148
singlet oxygen production and, 268
for 3D optical memory systems, 294
TPA data taken with, 156157
waveguides and, 309
Femtosecond transient absorption
measurements of, 37-45
by methyl-substituted ladder-type
poly(p-phenylene), 163
Fermi Golden Rule, 10-11
Field intensity/strength, with two-photon
absorption, 120-121
First generation dendrimers, 10
Fluorene(s), 174, 175, 204, 205-206
donor—acceptor substituted, 187-188
TPA spectra of, 176
Fluorene moiety, 240-241
in symmetric acceptor-m-acceptor
chromophores, 224
Fluorescein, 255

as TPA measurement standard, 152—-154, 155
Fluorescence, 123, 124. See also Two-photon

excited fluorescence (TPEF)

of excited di( p-methoxyphenyl)methyl
radical, 99—-100

of excited radical cations, 61-64

by ionic donor-n-acceptor compounds, 193

of liquid crystals, 303

in neutral donor-n-acceptor chromophores,

188-189
of octupolar chromophores, 240-241
quantifying TPA cross section via, 144

INDEX

solvent-dependent, 188—189
surface-plasmon-enhanced, 143
in symmetric donor-r-donor chromophores,
205, 206
in 3D data storage, 298-299, 300
Fluorescence cross-section action, in
fluorescence imaging applications, 257
Fluorescence decay times, 177
m-C1P,, 17
Fluorescence excitation spectra, 214
Fluorescence imaging, 311-315
in 3D data storage, 295-296
Fluorescence imaging applications, fluorescence
cross-section action in, 257
Fluorescence quantum yield (@), 177
from ionic donor-n-acceptor chromophores,
194-195, 196-197
from neutral donor-m-acceptor chromophores,
183-185, 186
from nonlinear absorbing chromophores, 253
from octupolar chromophores, 234-235
from symmetric acceptor-m-acceptor
chromophores, 217-218
from symmetric donor-acceptor-donor
chromophores, 227-228
from symmetric donor-n-donor
chromophores, 198-201
Fluorescence resonance energy transfer (FRET),
271
Fluorescence spectra, 172
of excited radical cations, 91
of excited-state azaxanthone ketyl radicals,
88-89
of excited-state xanthone ketyl radicals, 88, 90
femtosecond fluorescence upconversion
measurements and, 25-37
femtosecond transient absorption
measurements and, 39-42
magic angle polarization and, 15-18
by methyl-substituted ladder-type
poly( p-phenylene), 165
steady state, 14-15
in time-resolved fluorescence polarization
measurements, 18-25
Fluorescent bioprobes, 255, 256
medical applications of, 259-260
Fluorescent dye, in 3D data storage, 294-295
Fluorinated moieties, 186-187
Fluorinated phenyl rings, 186—187
Fluorinated polyenes, 134
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Forbidden transitions, 168
Forster interactions, 3
Forster theory, 10-11, 14, 20, 21-22, 23, 24, 37,
46, 47
excited radical cations in, 91
Fragmentation, in infrared multiphoton
excitation isomerization, 260
Franck—Condon factors, 140
Fresnel reflectance, 147
Fujitsuka, Mamoru, 53
Fulgide, in holographic data storage, 302

Gaussian beam propagation
limiting laser optical power and, 326, 328
in 3D data storage, 300-301
Gaussian pulse, 145-146, 147, 150, 284
Generation number, femtosecond transient
absorption measurements and, 44
Gold nanoparticles (AuNps), 89-91
surface plasmon effects and, 142—143
Gold tips, in three-dimensional microfabrication,
289-290
Goppert-Mayer, Maria, 113, 118
Goppert-Mayer (GM), 118
Green band, 139
Group delay dispersion (GDD), 152
Guanine (G), in two-color two-laser DNA
damaging studies, 93-94

Hammett constants, 71-72, 188, 191-192, 216
Hartree—Fock geometries, 128
Heisenberg relationship, 118
Heptathiophene dye, 5-6
Herzberg—Teller expansion, 139, 254
Heteroaromatics, TPA data for, 159
Heterocyclic moieties, in neutral donor-7-
acceptor chromophores, 187-188
Heterodyned Kerr effect, 145
Hexadienes, infrared multiphoton excitation
isomerization of, 260
Higher triplet excited (T,,) states, energy transfer
from, 66-70
Highest occupied molecular orbital (HOMO), 182
symmetry and, 129
Hofkens, J., 1
Hole transfer, 63
Holographic data storage systems, 302-303
Holographic recording, 302-303
optical band-gap materials for, 306-307
Holography, 115
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Hopping, rate constant of, 20-21, 22. See also
Energy hopping
Hybrid organic/onorganic ordered nanostructures,
in holographic recording, 307
Hydrogen ions (H"), in two-photon initiated
cationic polymerization, 282
Hydrogen loss, in infrared multiphoton
excitation isomerization, 260
Hyperbolic secant. See sech>shaped pulse
Hyperpolarizability (y), 160
bond length alternation and, 130-132
nonlinear, 190-191, 250, 251
second, 182
Hyperthermal effect, 316
Hypsochromic shift of TP excitation maximum,
by symmetric donor-n-donor
chromophores, 210

Image potential states, surface plasmon effects
and, 141
Index of refraction
in 3D data storage, 294, 298
in waveguide materials, 310
Indirect population, 124
INDO-MRDCI/SOS method, 238. See also
ZINDO/S package
Induced dipole moment, 120
Induced polarization, 120
Infrared multiphoton excitation, isomerization
via, 260. See also Near infrared (NIR) light
Initiation, of radical polymerization, 276
Intensity of light, in radical polymerization,
280-281
Interchromophoric distances, 22
Interdisciplinary cooperation, in TPA research,
329
Intermediates, three-laser control of, 99-100
Intermolecular charge transfer, TP-excitation
initiated, 115
Intermolecular ELT, 75
Internal conversion (IC), 116
Intersystem crossing (ISC), 66, 116
quantum yield for, 241
singlet oxygen and, 266
Intramolecular charge transfer (ICT)
in neutral donor-zm-acceptor chromophores,
182, 186
in octupolar chromophores, 240
of symmetric donor-acceptor-donor
chromophores, 230
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Intramolecular ELT, 75
Tonic donor-n-acceptor (D-7-A) compounds,
193-197

Irgacure photoinitiators, 272, 273

Tron oxide (Fe,0s), in nanoclinics, 315, 316

Isomerization. See also Photoisomerization
in 3D data storage, 294, 301
TP-excitation initiated, 115
two-photon-induced, 260-265

J aggregates, 31

Keggin-type polyoxometalates (POMs), in TiO,
photocatalytic reactions, 96-98

Ketyl radicals, studied via two-color two-flash
photolysis, 85-91

Kinetic analysis, of TP induced radical
polymerization, 279

Lactone, rhodamine B, 296
Ladder-type polymers, TPA cross section for,
163
Lambert-Beer law, 117, 177
Laser calorimetry, 144, 148
Laser flash photolysis. See also Two-color
two-laser flash photolysis
combined with pulse radiolysis, 57, 58
cycloaddition and, 265, 266, 267
of stilbene, 58-61
Laser pulse, ultrashort, 298
Lasers, 54
in efficient TPE, 278
femtosecond, 54, 98, 113-114
in fluorescence imaging, 313-314
in radical polymerization, 280-281
limiting optical power of, 323-328
nanoclinics and, 317-318
nanosecond, 57, 85
picosecond, 81, 85
power dependence of, 165
pulsed, 65-66
studying T, states via, 66
in three-dimensional microfabrication, 284,
285, 286, 287, 288, 291, 293
TPEF with, 150-154
upconverting, 321-323
Laser scanning confocal microscope (LSCM),
311-312
Lattice constant, in optical band-gap materials,
305

INDEX

Lattice structures, in TPA microfabrication, 283
Layer-by-layer structure formation, fabricating
optical band-gap materials via, 305-306, 307
Lewis acids, in two-photon initiated cationic
polymerization, 282
Light. See also Near infrared (NIR) light;
Ultraviolet entries
in near-field fluorescence imaging, 312, 313
in nonlinear TPA measurements, 154—155
optical band-gap materials and, 305
optical power limiters and, 324
in radical polymerization, 280-281
in 3D data storage, 295
in 3D microfabrication, 284, 285, 286, 287,
288
two-photon absorption and, 118, 120-121
in waveguide materials, 308-309
Light intensity isophotes, laser beam, 297
Limiting anisotropy, 18, 19-20
Linear absorption, in symmetric donor-n-donor
chromophores, 205
Linear absorption coefficient, 144
Linear accelerator, electron beam from, 54
Linear coupling model, vibrational contributions
in, 140
Linker groups, 319
Lippert—-Mataga equations, 133, 191, 240
Liquid crystals (LCs), in 3D optical data storage,
303-304
Lor, M., 1
Lorenz field correction, 122
Lowest unoccupied molecular orbital (LUMO),
182

Magic angle polarization, time-resolved
fluorescence measurements under, 15-18

Magnesium ions, fluorescent chromophores and,
258, 259

Magnetic fields, nanoclinics and, 316

Magnetic iron oxide (Fe,Oj3), in nanoclinics,
315, 316

“Magnetic nanoclinic,” 114-115

Magnetocytolysis, 316, 318

Majima, Tetsuro, 53

Marcus ELT theory, 80-81

Materials, two-photon-absorbing, 144—155

m-C1P;, femtosecond transient absorption
measurements of, 37-39, 42

m-C1P3, femtosecond transient absorption
measurements of, 39—42
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m-C1P,. See also Meta-substituted first
generation carbon core dendrimers
femtosecond fluorescence upconversion
measurements of, 27, 28, 33
fit parameters of, 19
fluorescence decay times of, 17
MCEF-7 cells, fluorescence imaging of, 317-318
Mechanism of action, 255
Mechanistic TPA models, 132-143
Medical applications
of fluorescent bioprobes, 259-260
of two-photon absorption, 315-321
Memory, optical, 293-294
3-Mercapto-4-methyl-4H-1,2,4-triazole, 278
Mesomers, of polydiacetylene, 168—169
Metal-containing dendrimers, 3—4
Metal ions, fluorescent chromophores and,
257-258
Metal particles, surface plasmon effects in,
141-142
Meta-substituted compounds, spectra of, 14-15
Meta-substituted first generation carbon core
dendrimers. See also m-C1P,
para-substituted carbon core dendrimers
versus, 18
single-photon timing measurements of,
17-18
time-resolved fluorescence polarization
measurements of, 18—-19
Methacrylates, TP initiated polymerization of,
274, 275, 286
p-Methoxymethylbenzophenone (BPCh,OCH3),
bond dissociation from T, states in, 74
1-Methoxynaphthalene, electron transfer from
T, states in, 7677
Methyl groups, in nonlinear absorbing
chromophores, 252, 253
Methylmethacrylate, in 3D data storage, 294,
302
1-Methylnaphthalene, electron transfer from T,
states in, 77
Methyl-substituted ladder-type
poly( p-phenylene), 163-165
Microbull, 292, 293
Microcapsules, 292, 293
Microchain, 292, 293
Microchannel structures, 290, 291
Microfabrication
three-dimensional, 284-293
three-dimensional lithographic, 285-293
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two-photon initiated crosslinking
polymerization in, 272, 283
Microgearwheel, 292, 293
Microscopes, in three-dimensional
microfabrication, 284, 285
Microscopy, fluorescence imaging and, 311
Microtweezers, 289
Mirror—scanner system, in three-dimensional
microfabrication, 286-287
Mode-locked Ti:sapphire laser, 150, 151, 152
in fluorescence imaging, 313-314
in nonlinear TPA measurements, 154—155
in three-dimensional microfabrication,
286-288
Mode-locked Nd:YAG laser, 304
Molar extinction coefficient, 134
Molecular engineering, 128
of TP fluorophores, 204-205
Molecular memory, 56
Molecular orbital (MO) methods, 125
Molecular orbitals, symmetry and, 129
Molecular parameters, with two-photon
absorption, 119-120, 123, 125
Molecular switching, 57
Molecular weight
average, 178
effective, 177-178
Monomer units, angle dependence between, 180
Monomode waveguides, 309
Morse potential curve, 78
Multibeam irradiation
applications of, 55-57
photochemistry of short-lived species using,
53-109
Multichromophoric systems. See also
Chromophores
excited state processes in, 2—10
femtosecond fluorescence upconversion
measurements of, 25-37, 46
femtosecond transient absorption
measurements of, 37-45
time-resolved fluorescence polarization
measurements of, 20-25
Multiphoton absorption
by aromatic hydrocarbons, 157
surface plasmon effects and, 142
Multiphoton excitation
isomerization via, 260
in photochemistry, 113
Multiple phenyl rings, TPA data for, 158
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Multireference double excitation configuration
interaction (MRDCI) scheme, 125, 128
with three-level TPA model, 136, 138
Multistep excitation, 54
Multivalence-bond state approach, for
two-photon absorption, 128

Nanoclinics, 315-318
Nanoengineered particles, surface plasmon
effects in, 141-142
Nanofabrication
three-dimensional, 284-293
two-photon initiated crosslinking
polymerization in, 272, 283
Nanometer-sized metal particles, surface
plasmon effects in, 141-142
Nanoparticles, in fabricating optical band-gap
materials, 305. See also Nanoclinics
Nanoscope IIIA controller, 314
Nanosecond (ns) lasers, 57
direct measurement of T, state lifetimes
via, 85
ketyl radicals in the excited state studied
via, 85
singlet oxygen production and, 268
studying T, states via, 66
TPA data taken with, 156-157
Nanosecond optical parametric oscillator, 174
Naphthacenepyridone, in 3D data storage, 302
Naphthaldiimide (NDI), in two-color two-laser
DNA damaging studies, 92-94
Naphthalene (Np)
energy gap law and, 70-71
T, states of, 66-70
Naphthalene dendrimers, 4-5
Naphthalene derivatives (NpD)
electron transfer from T,, states in, 75-81, 82
substituent effects on T, state lifetimes of,
71-72
Naphthylmethylhalides, 72
Naphthylmethy] radical, bond dissociation from
T, states in, 72-74
NDI-conjugated oligodeoxynucleotide
(NDI-ODN), in two-color two-laser DNA
damaging studies, 92-94
Nd:YAG laser, 304
in three-dimensional microfabrication, 293
Nd:YAG pumped optical parametric oscillator,
singlet oxygen production and, 268
Near-field fluorescence imaging, 312-313
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Near-field optical microscopy (NFOM), 283
Near-field scanning optical microscopy
(NSOM), in three-dimensional
microfabrication, 285, 289
Near infrared (NIR) light, in photodynamic
therapy, 318-319. See also Infrared
multiphoton excitation; NIR pulsed lasers
Neutral donor-n-acceptor (D-n-A) compounds,
182-193
Neutral resonance structure, bond length
alternation and, 132
NIR pulsed lasers, nanoclinics and, 317. See also
Near infrared (NIR) light
o-Nitrobenzaldehyde, TP photochemical
rearrangement of, 297
Nitrobenzene, in neutral donor-r-acceptor
chromophores, 190
Nitrogen
in octupolar chromophores, 243-244, 245
in 3D data storage materials, 295
Nonlinear absorbing chromophores, polymers
with, 250-255
Nonlinear absorption, 190-191
Nonlinear absorption coefficient (f8), 144, 146,
147, 181
limiting laser optical power and, 326
Nonlinear absorption data, of conjugated
polymers and oligomers, 160-163, 181-182
Nonlinear hyperpolarizability, 190-191
in nonlinear absorbing chromophores, 250,
251
Nonlinear optical parameters, 182
two-photon absorption and, 116-122
Nonlinear optical responses, surface plasmon
effects and, 142
Nonlinear refraction, in limiting laser optical
power, 324
Nonlinear refractive index, 181
Nonlinear scattering, in limiting laser optical
power, 324
Nonlinear TPA
in absolute evaluation of TPA materials,
154-155
experimental techniques in, 144-148
Nonlinear transmission methods, 188
for quantifying TPA cross section, 144,
145-147
Nonprotonated species, in 3D data storage,
295-296
Normalized TP excitation spectra, 170-171
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Normalized transmittance (Ty), 146-147
Numerical TPA simulations, 156

Octupolar (acceptor-n);-donor chromophores,
246-247, 248
Octupolar chromophores, with large two-photon
absorbtivity, 233-250
Octupolar (donor-m-acceptor)s;-donor
chromophores, 247, 249
Oligomer length (OL)
TPA cross section and, 173
Oligomers, 177
in TP fluorophore moelcular engineering,
204-205
two-photon absorption by conjugated,
160-182
urethane acrylate, 309
Oligo( p-phenylenevinylene)s (OPVn), direct
observation of T, states in, 84
Oligothiophenes, 173
direct observation of T, states in, 81-84
One-photon absorption (OPA), 134. See also
OPA entries
fluorescence imaging and, 311
with ionic donor-m-acceptor compounds, 193
in nonlinear absorbing chromophores, 252, 253
by phenyl-substituted ladder-type
poly( p-phenylene), 165-167
Strickler-Berg relationship and, 177
in three-dimensional microfabrication, 286
two-photon absorption and, 117-118
in two-photon initiated cationic
polymerization, 282
One-photon (OP) excitation, 113, 115, 134-135.
See also OP excitation entries
of conjugated polymers, 163
of rhodamine B, 256-257
symmetry and, 128-129
in three-level TPA model, 138-139
One-photon resonance, in symmetric donor-7-
donor chromophores, 211
Onium compounds, as coinitiators, 272
Onsager TPA model, 133, 188-189
OPA cross section, in octupolar chromophores,
246
OPA maxima
in neutral donor-m-acceptor chromophores,
183-185
in symmetric acceptor-n-acceptor
chromophores, 217-218, 223
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in symmetric donor-acceptor-donor
chromophores, 227-228, 232
in symmetric donor-n-donor chromophores,
198-201, 202, 212
in TP initiators, 275
OPA spectra, 181
of conjugated polymers, 170
of nonlinear absorbing chromophores, 254
of octupolar chromophores, 239, 241
of symmetric donor-acceptor-donor
chromophores, 232
of symmetric donor-n-donor chromophores,
210
OP broadband UV excitation, cycloaddition via,
265. See also One-photon entries
OP excitation maxima
in ionic donor-m-acceptor chromophores,
194-195
of nonlinear absorbing chromophores, 253
in octupolar chromophores, 234-235, 236
OP excitation spectra, 181
OP excited fluorescence (OPEF), 151, 152. See
also Single-photon excited fluorescence
(SPEF) spectra
OP excited states
energetic ordering of, 157
of symmetric donor-n-donor chromophores,
212
OP initiated polymerization, 279
in three-dimensional microfabrication,
284-285
Optical band-gap materials, 305-308. See also
Photonic band-gap materials
Optical circuits, 309
Optical elements, in absolute evaluation of TPA
materials, 149
Optical feedback, in upconverted lasing, 322
Optical memory, three-dimensional, 293-294,
304
Optical parameters, nonlinear, 116-122, 182
Optical parametric oscillator (OPO), singlet
oxygen production and, 268
Optical power limiters, 114, 323-328
Optical probes, in nanoclinics, 315
Optical susceptibility, 181-182
Organic boron compounds, 191
Organic chromophores, surface plasmon effects
and, 142-143
Organic compounds, UV absorption spectra of,
325
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Organic molecular crystals, limiting laser optical
power and, 328

Orthogonal addressing, in 3D data storage,
300-301

Oxidation potential, of TP initiators, 275

Oxygen. See Singlet oxygen

“Page-by-page”” writing, in 3D data storage,
300-301
Paracyclophane, in symmetric donor-r-donor
chromophores, 214-215
Para-substituted carbon core dendrimers. See
also p-C entries
meta-substituted carbon core dendrimers
versus, 18
single-photon timing measurements of,
15-17
Para-substituted compounds, spectra of, 14—15
Para-substituted first generation carbon core
dendrimers, time-resolved fluorescence
polarization measurements of, 19-25
Parity, in two-photon absorption, 128-129
Parity forbidden transitions, 113
p-Cl1P,
femtosecond fluorescence upconversion
measurements of, 25-30, 31-33
femtosecond transient absorption
measurements of, 37-39, 40
molecular structure of, 12-13
p-C1P,, molecular structure of, 12-13
p-C1P3, femtosecond transient absorption
measurements of, 39-42
p-Cl1P,
femtosecond fluorescence upconversion
measurements of, 26-37
molecular structure of, 12—-13
time-resolved fluorescence decays of, 16
p-CIP4A, molecular structure of, 13-14
p-C1P,4B, molecular structure of, 13-14
p-CIP,, femtosecond fluorescence upconversion
measurements of, 27, 28, 29, 30
p-C2P,, femtosecond transient absorption
measurements of, 42-45
p-C2P,4
femtosecond transient absorption
measurements of, 42-45
isomeric structures of, 25
molecular structure of, 10, 11
p-C2P,
energy hopping in, 23-24
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femtosecond fluorescence upconversion
measurements of, 26, 27, 34-37
fit parameters of, 17
Pentadienes, infrared multiphoton excitation
isomerization of, 260
Pentafluorobenzene moiety, 186
in ionic donor-n-acceptor chromophores, 196
Perturbation theory, two-photon absorption and,
118-119
Peryleneimide (PI), 29, 36-37, 42, 43
Peryleneimide chromophores, 8-9, 10, 14, 45-47
Perylene units, 7-8
Phenazine, 64
2-Phenoxyethyl acrylate, polymerization of, 278
p-Phenoxymethylbenzophenone (BPCh,OPh),
bond dissociation from T, states in, 74
Phenylacetylene-based dendrimers, 9-10
Phenylacetylene dendrimers, energy transfer in,
2-3
Phenylene—ethynylene oligomers, 204-205
Phenylene-vinylene hinge, in symmetric donor-
n-donor chromophores, 208-209
Phenylene—vinylene oligomers, 204-205
Phenyl moiety
in neutral donor-n-acceptor chromophores, 192
in octupolar chromophores, 237
Phenyl rings
fluorinated, 186—187
in symmetric acceptor-m-acceptor
chromophores, 220
in symmetric donor-n-donor chromophores, 213
TPA data for, 158, 159
Phenyl-substituted ladder-type
poly( p-phenylene), 165-167
Phosphorescence, of singlet oxygen, 268
Photobiology, singlet oxygen studies in, 266
Photobleaching, 142, 148
Photocatalytic reactions, two-color laser control
of, 96-98
Photochemical reactions, TP-excitation
initiated, 115
Photochemistry
of di( p-methoxyphenyl)methyl chloride,
99-100
of short-lived species, 53—109
two-photon absorption in, 113-115
Photochromic matrices, in 3D data storage,
301-302
Photocrosslinked polymers, in 3D data
storage, 301
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Photocycloaddition, TP-excitation initiated, 115
Photodynamic therapy (PDT), 56, 91-94, 315,
318-321
multiphoton excitation in, 114, 115
singlet oxygen in, 268
Photoinduced acid generator, 295
Photoinduced electron transfer (ELT), 75-81, 82,
272-274
DNA damage and, 92
Photoinduced processes, 55-56
Photoinitiators, 272, 273. See also TP initiators
Photoisomerization, of ionic donor-m-acceptor
chromophores, 196. See also Isomerization;
trans—cis photoisomerization
Photoluminescence intensity, 166
Photoluminescence spectra, by methyl-
substituted ladder-type poly( p-phenylene),
165
Photolysis, cycloaddition and, 265, 266, 267.
See also Pulse radiolysis—laser flash
photolysis; Three-color three-laser
flash photolysis; Two-color two-laser
flash photolysis
Photon flux (F)
in radical polymerization, 281
temporal fluctuations in, 149-150
“Photonic atoms,” 305
Photonic band-gap materials, 283. See also
Optical band-gap materials
three-dimensional microfabrication of,
288-289, 290, 293
Photonic crystals, 283
as optical band-gap materials, 305, 306, 308
Photonic properties, of symmetric acceptor-n-
acceptor chromophores, 219
Photon number noise, in nonlinear absorbing
chromophores, 250
Photo-orientation, of chromophores, 262
Photophysics, of rigid polyphenylene-based
dendritic structures, 1-51
Photopolymerization
in 3D data storage, 294
TPA processes in, 283
two-photon initiated cationic, 281-283
Photorefractive effect, in 3D data storage,
299-300
Photosynthesis, 97
Picosecond lasers, 81
direct measurement of T,, state lifetimes
via, 85
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ketyl radicals in the excited state studied
via, 85
Picosecond relaxation process, 39
n-electron density
in polyenes, 130-132
surface plasmon effects and, 141
in two-level TPA model, 133
Pigment—protein complexes, 31
Pinhole aperture, 312
m-structures, 157
n-systems (II-systems)
chromophores with large, 157-182
polarizable, 215, 216, 219
Planarity, 186
Point dipole—point dipole approximation, for
symmetric donor-n-donor chromophores,
213
Polarity, solvent, 206
Polarizability, second-order nonlinear, 120
Polarizable II-systems, 215, 216, 219
Polarization, magic angle, 15-18
Polarization ratio, two-photon excited
fluorescence and, 148
Poly[1,4-phenylene-1,2-
di(phenoxyphenyl)vinylene], in waveguide
materials, 309-310
Poly[1,4-phenylene-1,2-diphenylvinylene-co-
2,7-fluorenylene-1,2-di-phenylvinylene], in
waveguide materials, 309-310
Poly[1,6-bis(3,6-dihexadecyl-N-
carbazolyl)2,4-hexadiyne], TPA cross
section of, 167-168
Poly(2,2'-bipyridine-5,5'-diylethynylene[2,5-
di(2-ethylhexyl)oxy-1,4-
phenylene]ethynylene), 178
Polyacetylene dendrimers, electronic coupling
in, 3
Polyaddition, of nonlinear absorbing
chromophores, 252
Poly(arylenevinylene)s, 177
Polychlorobenzenes, electron transfer to,
80-81, 82
Poly(diacetylenes), 171
mesomers of, 168—-169
Polyene chain, 203
Polyenes, 197
bond length alternation in, 130
donor—acceptor substituted, 186-187
fluorinated, 134
TPA data for, 159
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Poly(ethylene terephthalate), in 3D data
storage, 302
Polyfluorene(s), 175
TP excitation of, 167
Poly-HEMA (polyhydroxyethylmethacrylate)
rod, as lasing material, 322
Polymer dispersed liquid crystals, in 3D optical
data storage, 303-304
Polymerization
simultaneous two-photon initiated, 272-283
TPA processes in, 283
two-photon initiated cationic, 281-283
Polymer photochromic matrices, in 3D data
storage, 301-302
Polymers
as lasing materials, 321-322
with nonlinear absorbing chromophores,
250-255
in 3D data storage, 301-304
two-photon absorption by conjugated,
160-182
Polymer science, singlet oxygen studies in, 266
Poly(methylmethacrylate)
in 3D data storage, 294, 302
in waveguide materials, 309
Polyoxometalates (POMs), in TiO,
photocatalytic reactions, 96-98
Polyphenylene-based dendritic structures,
ensemble photophysics of, 1-51
Polyphenylene dendrimers, 8-9
as chromophoric backbones, 2-10
Poly(phenylene vinylene) (PPV), 163, 169-170
Polypiridine ligands, 3—4
Poly( p-phenylene)
methyl-substituted ladder-type, 163—-165
phenyl-substituted ladder-type, 165-167
Poly( p-phenylene acetylene), 163
Poly(propylene-imine) dendrimers, 7
Poly(styrene-co-acrylonitrile), 289, 290
in fabricating optical band-gap materials,
306, 308
Polystyrene nanoparticles, in fabricating optical
band-gap materials, 305
Poly(thiophene), 163
Poly(vinyl alcohol) (PVA) film, 89
Porphyrin arrays, 7
Porphyrins, in photodynamic therapy, 319
Porphyrin unit, singlet oxygen generation and,
271
Positive-resist structures, 291

INDEX

Positive tone resins, in three-dimensional
microfabrication, 290
Positive TP microlithography, 290
Primary initiator particle density (po), in radical
polymerization, 281
Prismatic cavities, 291-293
Prismatic trenches, 291
Product analysis, rate constant determination
from, 94-96
Propagation, of radical polymerization, 276
“Propeller shaped” chromophores, with large
two-photon absorbtivity, 233-250
Proteins, TPEF and, 255
Protonation, in 3D data storage, 295-296
Proton diffusion, in three-dimensional
microfabrication, 291
Pulse collision addressing, in 3D data storage,
300-301
Pulsed femtosecond lasers, for 3D optical
memory systems, 294
Pulsed infrared multiphoton excitation,
isomerization via, 260
Pulsed lasers, 65-66
Pulsed laser systems, fluorescence imaging and,
311
Pulse propagation, in TPA equipment design,
156
Pulse radiolysis, 54
Pulse radiolysis—laser flash photolysis, 57-65
of excited radical anions, 64—65
of excited radical cations, 58-61
of NDI-ODN, 92-94
Pulse shapes, 145-146, 147, 149-150, 151, 152
in three-dimensional microfabrication, 284
Pulse width, 152
Pump and probe method, 54, 81, 98
Pumped optical parametric oscillator, singlet
oxygen production and, 268
Pump intensity, absorbance change versus, 262
Pump power, 166
Pyrazoline moiety, in neutral donor-n-acceptor
chromophores, 190
Pyrene—perylene bisimide system, 7-8
Pyrene units, 7-8
Pyridinium moiety, in symmetric acceptor-n-
acceptor chromophores, 224
Pyridinium nitrogen, in symmetric acceptor-7-
acceptor chromophores, 221, 222
Pyridinium ring, in ionic donor-m-acceptor
chromophores, 196
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Pyrrole group, in symmetric acceptor-n-acceptor
chromophores, 224
Pyryllium chromophores, 247, 249

Quadrupolar chromophores, 136
octupolar chromophores versus, 237
Quadrupolar pattern
in fluorescent chromophore/metal ion
complexes, 259
in symmetric acceptor-n-acceptor
chromophores, 216
in symmetric donor-acceptor-donor
chromophores, 226, 231, 232
Quantum yield, 262
fluorescence, 177, 183-185, 186, 194—-195,
196-197, 198-201, 217-218, 227-228,
234-235, 253
for singlet oxygen generation, 269, 270
in 3D data storage, 298
two-photon, 178
Quantum yield for intersystem crossing (®;.), 241
Quenching, 63, 64, 65, 68-70
intermolecular ELT, 75
by singlet oxygen, 266
0-Quinodimethane, cycloaddition of, 94-96
Quinolinium group, in ionic donor-m-acceptor
chromophores, 196

Radical cations
fluorescence from excited, 61-64
pulse radiolysis of excited, 58-61
studied via two-color two-flash photolysis, 91
Radical concentration, in radical polymerization,
279-280
Radical formation, in radical polymerization,
276
Radical ions, 58. See also Excited radical entries
Radical polymerization/copolymerization
of nonlinear absorbing chromophores, 252
two-photon initiated, 274-281
Raman spectroscopy, of phenyl-substituted
ladder-type poly( p-phenylene), 166
Random hopping, 24
Rate constants
laser photolysis in determination of, 94-96
two-photon absorption and, 119
Reactive intermediates, studied via two-color
two-flash photolysis, 91-98
Read only memory (ROM) storage system, in 3D
data storage, 296
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Refractive index
complex, 120
nonlinear, 181
in 3D data storage, 294, 298
in waveguide materials, 310
Refractive-index changes, in limiting laser
optical power, 324
Relaxation process, 39
Research, in TP applications, 328-330
Resolution
improving, 328
in near-field fluorescence imaging, 312
Resonance(s). See also Fluorescence resonance
energy transfer (FRET)
aromatic, 182
bond length alternation and, 130-132
one-photon, 211
two-photon absorption and, 119, 123
Resonant two-photon ionization (RTPI),
99-100
Response theory, for two-photon absorption,
125-126, 139
Retinal, direct excitation of, 265
Reverse molecular motifs, 215
Reverse saturable absorption, in limiting laser
optical power, 324
Rewritable 3D optical data storage
materials for, 299
photorefractive effect in, 299-300
Rewritable technique, for 3D optical memory
systems, 294
Rhodamine B, 256-257
Rhodamine B lactone, in 3D data storage, 296
Rhodamine B molecules, fluorescence imaging
of, 314-315
Rigid polyphenylene-based dendritic structures,
ensemble photophysics of, 1-51
Rod shapes, in waveguide materials, 309.
See also Conjugating rods;
Connecting rods
Ruthenium complexes, 3—4

Sy state
in symmetric donor-n-donor chromophores,
211, 212
in three-level TPA model, 137-138
S, state, 116, 124
in symmetric donor-n-donor chromophores,
211
in three-level TPA model, 137-139
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S, state, 124
in symmetric donor-n-donor chromophores,
211
in three-level TPA model, 137-139
Scanning electron microscopy (SEM), 278-279
of photonic band-gap crystal, 308
in three-dimensional microfabrication, 293

Schweitzer, G., 1

Screening metal ions, fluorescent chromophores
and, 257-258

sechz—shaped pulse, 145-146, 147, 150

Secondary electron transfer (ELT), 58

Second generation dendrimers, 10, 11

Second harmonic generation (SHG), 294

Second hyperpolarizability, 182

Selective ELT quenching, 64

Selective protonation, in 3D data storage,
295-296

Semiclassical perturbation theory, two-photon
absorption and, 118-119

Sensitizers, coinitiators and, 272-274, 278

Short-lived species, multibeam irradiation
photochemistry of, 53—109

g-bonds, in symmetric donor-n-donor
chromophores, 213

Silaffin-1 protein, in holographic recording, 307

Silica nanospheres, in holographic recording,
307

Silica shell, in nanoclinics, 315, 316

Silver nanoparticles, surface plasmon effects
and, 142, 143

Simultaneous TPA. See Two-photon absorption
(TPA)

Single-photon excited fluorescence (SPEF)
spectra, of symmetric acceptor-m-acceptor
chromophores, 221, 222. See also OP
excited fluorescence (OPEF)

Single-photon timing (SPT) measurements,
15-25, 37

Singlet oxygen, 114

applications of, 267-268

in photodynamic therapy, 319

photogeneration of, 115, 266-271
Singlet-singlet annihilation, 31, 32-34, 40-42, 43

energy hopping versus, 4445, 46

Singlet-singlet excitation hopping, 23

“Site-selective” processes, 56

Solvation shell, 29

Solvatochromism, 123

with ionic donor-m-acceptor compounds, 193
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in neutral donor-m-acceptor chromophores,
182, 186-187
in octupolar chromophores, 244
in symmetric donor-acceptor-donor
chromophores, 226, 229
in symmetric donor-n-donor chromophores,
206
Solvent-dependent fluorescence, 188—189
Solvent polarity
in oligothiophenes, 84
symmetric donor-n-donor chromophores and,
206
Spherical porphyrin arrays, 7
“Stack-of-logs” structure, in fabricating optical
band-gap materials, 306
Steady-state absorbance, 262
Steady-state absorption spectra, 38
Steady-state radical concentration, in radical
polymerization, 280
Steady-state spectra, 14—15
Stepwise bond cleavage, 100-103
Stepwise mechanism, of dissociative ELT, 80-81
Stern—Volmer plots, 69
“Sticky”” dissociative ELT model, 79
Stilbene (St), 197, 202
cis—trans isomerization of, 58-61, 64
cycloaddition of, 265
medical applications of chromophores with,
259-260
as TPA measurement standard, 159
trans—cis photoisomerization of, 263-264
Stilbene derivatives
in three-level TPA model, 136-139
TPA cross sections of, 174—-175
Stilbenoid pattern, 196
Stokes—Raman scattering, 121
Stokes shifts, 86, 87, 88, 219
Storage density, of 3D optical memory, 294
Streak camera detection, 98
Strehmel, Bernd, 111
Strehmel, Veronika, 111
Strickler—Berg relationship, 177
Structural isomers, chromophores in, 12—13
Styrene, in 3D data storage, 302
Substituent effects, on T,, state lifetimes, 71-72
Substituted benzenes, TPA data for, 158
Substituted benzophenone (BPD), substituent
effects on T, state lifetimes of, 71-72
Substituted butadienes, infrared multiphoton
excitation isomerization of, 260
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Substituted cyclobutenes, infrared multiphoton
excitation isomerization of, 260
Sulfonyl substituents, in octupolar
chromophores, 246-247, 248
Sum over states (SOS) method, 122-123,
125-126
Surface plasmons, in two-photon absorption,
140-143
Susceptibility, third-order nonlinear, 122
Switching, in waveguide materials, 310
Symmetric acceptor-n-acceptor (A-m-A)
compounds, 215-225
Symmetric chromophores, 197-233
singlet oxygen and, 266-267
Symmetric donor-acceptor-donor (D-A-D)
compounds, 225-233
Symmetric donor-n-donor (D-n-D) compounds,
197-215
Symmetry. See also Centrosymmetric
chromophores
of octupolar chromophores, 233, 236
two-photon absorption and, 128-130

T, state, 116. See also T,, states
singlet oxygen and, 267

TDDFT calculations, 203. See also Time-
dependent density functional theory
(TDDFT)

Temperature, in quantifying TPA cross section,
148. See also Thermal entries

Temporal coherence (g, gp), 149-150, 151

Termination, of radical polymerization, 276, 279

Terrylenediimide core, 8-9

Tetrabutylammonium chloride, 63

1,2,4,5-Tetrafluorobenzene, 134

Tetrafluorobenzene moiety, in symmetric donor-
acceptor-donor chromophores, 226

cis-1,2,3,4-Tetrahydro-2,3-
naphthalenedicarboxylic anhydride, 94-95

Tetrahydrofurane solution, transmissivity of, 327

Thermal blooming, 148

Thermal lensing, 144

Thermally crosslinked polymers, in 3D data
storage, 301

Thick samples, nonlinear absorption
measurements of, 145-146, 149, 152

Thienyl rings, in symmetric acceptor-n-acceptor
chromophores, 220

Thin samples, nonlinear absorption
measurements of, 146, 182
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Thiophene moieties
in neutral donor-m-acceptor chromophores,
189, 192-193
in symmetric acceptor-r-acceptor
chromophores, 216, 224
Thiophene-vinylene-thiophene core, in
symmetric donor-n-donor chromophores,
208-209
Third-order nonlinear susceptibility, 122
Three-color three-laser flash photolysis,
99-103
stepwise bond cleavage of C—O bonds studied
via, 100-103
three-laser control of intermediate populations
studied via, 99—100
Three-dimensional data storage, 115, 293-304
Three-dimensional data storage systems,
two-photon initiated crosslinking
polymerization in, 272
Three-dimensional lithographic
microfabrication (3DLM), 285-293
Three-dimensional micro-/nanofabrication,
284-293
two-photon initiated crosslinking
polymerization in, 272, 283
Three-dimensional object manufacture, 115,
284-293
Three-dimensional periodic structures,
fabrication of, 288—-289
Three-level TPA model, 136-139
Three-photon absorption, 165
Three-photon excitation, simultaneous, 179
Time constants, 29, 36
Time-dependent density functional theory
(TDDFT), for two-photon absorption, 126,
127. See also TDDFT calculations
Time-dependent DFT/B3LYP method, 190
Time-resolved fluorescence measurements,
under magic angle polarization, 15-18
Time-resolved fluorescence polarization
measurements, 18-25
“Time-selective” processes, 55-56
Ti:sapphire laser, 150, 151, 152, 255
in fluorescence imaging, 313-314
in nonlinear TPA measurements, 154—155
in optical circuits, 309
singlet oxygen production and, 268
in 3D data storage, 294
in 3D microfabrication, 286-288
Tissue autofluorescence, 317
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Titanium dioxide (TiO,), photocatalytic
reactions on surface of, 96-98
T, states. See also T state
bond dissociation from, 72-75
direct observation of, 81-85
electron transfer from, 75-81, 82
energy gap law and, 70-71
energy transfer from, 6670
stepwise bond cleavage via, 100-103
substituent effects on lifetimes of, 71-72
TPA coefficient, in waveguide materials, 310.
See also Two-photon absorption (TPA)
TPA cross section (9), 120, 121-122, 123, 125,
179-180, 180-181, 262
of bioprobe chromophores, 256-257,
258-259
decreasing, 174-175
effective conjugation length and, 176-177
of fluorescent chromophore/metal ion
complexes, 258-259
in ionic donor-m-acceptor chromophores,
194-195, 196-197
limiting laser optical power and, 326
in neutral donor-m-acceptor chromophores,
183-185, 186
in nonlinear absorbing chromophores, 250,
251-252, 253, 254
in numerical TPA simulations, 156
in octupolar chromophores, 233-247, 250
oligomer length and, 173
of phenyl-substituted ladder-type
poly( p-phenylene), 166
of poly [1,6-bis(3,6-dihexadecyl-N-
carbazolyl)2,4-hexadiyne], 167-168
of polyfluorene, 175
for polymers, 163
quantifying, 144145, 148, 149, 150, 151, 152
in radical polymerization, 281
in relative measurement of, 155
surface plasmon effects and, 143
in symmetric acceptor-r-acceptor
chromophores, 216, 217-218, 219, 223
in symmetric donor-acceptor-donor
chromophores, 226, 227-228, 229,
230, 231
in symmetric donor-n-donor chromophores,
197, 198-201, 202, 203, 210
3D optical memory and, 304
in three-level TPA model, 136-137
in TP initiators, 272, 275

in two-level TPA model, 133, 134
in unsaturated conjugated systems, 157-160
vibronic coupling and, 168
TPA cross section action for fluorescence, 186
TPA data, 156-157
on bioprobe chromophores, 256, 257
from conjugated polymers/oligomers,
181-182
for ionic donor-m-acceptor chromophores,
194-195
for neutral donor-n-acceptor chromophores,
182, 183-185
for nonlinear absorbing chromophores, 253
for octupolar chromophores, 233, 234-235
on singlet oxygen chromophores, 269
for symmetric acceptor-n-acceptor
chromophores, 216-225
for symmetric donor-acceptor-donor
chromophores, 227-228
for symmetric donor-n-donor chromophores,
197-202
for TP initiators, 275
for triphenylmethane dyes, 237-238
TPA equipment design, 156
TPA microfabrication, 283
TPA spectra, 181
of conjugated polymers, 170
of nonlinear absorbing chromophores, 254
of octupolar chromophores, 240, 241
of radical polymer, 276
of symmetric donor-acceptor-donor
chromophores, 232
of symmetric donor-n-donor chromophores,
210-211
TP chromophores, applications of, 114-115
TPE action cross sections, 256. See also
Two-photon excitation (TPE)
TPE fluorescence spectra, 206
TPEF materials, 255. See also Two-photon
excited fluorescence (TPEF)
TPE spectra, 181. See also Two-photon
excitation spectra
of fluorescent chromophores, 260
normalized, 170-171
of octupolar chromophores, 238
TP excitation maxima. See also TPE entries
in ionic donor-n-acceptor chromophores,
194-195
in neutral donor-m-acceptor chromophores,
183-185
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in nonlinear absorbing chromophores, 253, 254
in octupolar chromophores, 234-235,
236-237, 239
in symmetric acceptor-n-acceptor
chromophores, 216, 217-218
in symmetric donor-acceptor-donor
chromophores, 227-228, 232
in symmetric donor-n-donor chromophores,
197, 198-201, 202, 210, 212
in TP initiators, 275
TP excited states, 123-124
energetic ordering of, 157-159
of methyl-substituted ladder-type
poly( p-phenylene), 163—-165
of symmetric donor-n-donor chromophores,
212
in three-level TPA model, 136-139
TP fluorescence excitation spectra, 172
TP fluorophores, 255
molecular engineering of, 204
TP induced dual-channel fluorescence image
formation, in 3D data storage, 295-296
TP induced isomerization, in 3D data storage,
301
TP initiated polymerization
in holographic recording, 306-307
optical band-gap materials and, 305
in 3D microfabrication, 284-285
in 3D optical data storage, 303-304
waveguide materials and, 308-310
TP initiators, 274, 275, 276, 277, 278. See also
Photoinitiators
TP laser scanning microscopy (TPLSM),
nanoclinics and, 317-318
TP matrix elements, 125-126
TP microlithography, positive, 290
TP microscopy, 255, 259
TP microstereolithography, 289
TP PDT triade, 319-321
TP photoinitiator, 190
TP quantum yield, 178
TP sensitizers, detecting singlet oxygen
via, 268
TP transitions, two-photon absorption and,
139-140
TP tunneling microscope, 143
TP two-beam picosecond “‘page-by-page”
writing, in 3D data storage, 300-301
TP writing and OP readout principle, in 3D data
storage, 294

375

trans—cis photoisomerization. See also
Photoisomerization
of diphenylbutadiene, 264-265
in holographic data storage, 302-303
of ionic donor-n-acceptor chromophores, 196
of retinal, 265
of stilbene, 263-264
Transient absorption, 82, 83, 86, 88-89
femtosecond measurements of, 37-45
in laser flash photolysis, 101, 102, 103
in 1-methoxynaphthalene, 76-77
in 1-NpCH,—OBP, 73
in oligothiophenes, 84
in stilbene, 58-61
in TiO, photocatalytic reactions, 97
Transition densities, in three-level TPA model,
137-138
Transition dipole, 178, 180, 186. See also Dipole
moment (M)
Transition dipole moment (M,,,,,), 128-129, 140,
175-177, 180181, 190, 216, 217-218
in octupolar chromophores, 233, 234-235,
237
in symmetric donor-acceptor-donor
chromophores, 227-228
in symmetric donor-n-donor chromophores,
197, 198-201, 202-203, 210, 211
in three-level TPA model, 136-137
in two-level TPA model, 133-134
Transitions, forbidden, 168
Transmission contrast ratio (7CR), limiting laser
optical power and, 326
Transmission dynamic range (TDR), limiting
laser optical power and, 326
Transmissivity, limiting laser optical power and,
326, 327
Transparent multilayer polymer photochromic
matrices, in 3D data storage, 301-302
Trenches, 291
Triarylamine dendrimer systems, 7
Triarylamino group, 295
Triarylsulfonium hexafluoroantimonate, in 3D
data storage, 295
Triazine(s)
as coinitiators, 272
in neutral donor-zm-acceptor chromophores,
193
1,3,5-Triazine, in octupolar chromophores,
239-240, 241-242, 243
Triethanolamine coinitiator, 278
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Trifunctional acrylate monomer, in three-
dimensional microfabrication, 289-290
1,3,5-Trimethoxybenzyl (TMB) radical cation,
transient fluorescence spectrum of,
62-64, 91
Trimethylolpropane triacrylate, in holographic
recording, 307
p-Trimethylsilylmethylacetophenone, bond
dissociation from T, states in, 75
p-Trimethylsilylmethylbenzophenone, bond
dissociation from T, states in, 75
Triphenylamine units, in octupolar
chromophores, 244-246
Triphenylmethane dyes, TPA data for, 237-238
Triple bonds
in neutral donor-m-acceptor chromophores,
190-191
singlet oxygen generation and, 270-271
in symmetric acceptor-m-acceptor
chromophores, 221, 222
in symmetric donor-n-donor chromophores,
205-206, 209-210, 213
Triplet excited (T,,) states, 55. See also T, states
energy transfer from, 66-70
Triplets, in singlet oxygen generation, 269-270,
271
Tris(2-hydroxyethyl)isocyanurate triacrylate,
293
1,3,5-Triscyanobenzene core, in octupolar
chromophores, 238
Trivalent boron, in neutral donor-n-acceptor
chromophores, 191
Truncation, 291
Tumors. See Cancer
Tunneling microscope, 143
“Twin chromophores,” 213-214
Two-color experiment, 116
Two-color two-laser DNA damaging, 91-94
Two-color two-laser flash photolysis, 65-98
control of photocatalytic reactions via, 96-98
excited radical cations studied via, 91
higher triplet excited states studied via, 66—85
ketyl radicals in the excited state studied
via, 85-91
in rate constant determination, 94-96
of reactive intermediates, 91-98
Two-level TPA model, 132-135
Two-photon absorbing chromophores, 6
Two-photon absorption (TPA), 116-156. See
also TPA entries
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absolute evaluation of materials for,
148-155

applications of, 283-328

bond length alternation and, 130-132

chromophore design and optimization of,
156-255

covalent bonding and, 173-174

evaluating materials for, 144—155

experimental techniques in nonlinear,
144-148

fluorescence imaging and, 311-315

in ionic donor-m-acceptor chromophores, 197

in limiting laser optical power, 323-328

mechanistic models of, 132-143

medical applications of, 315-321

by methyl-substituted ladder-type
poly( p-phenylene), 163-165

in nonlinear absorbing chromophores,
250-255

nonlinear optical parameters and, 116-122

optical band-gap materials and, 305-308

outlook for, 328-330

by phenyl-substituted ladder-type
poly( p-phenylene), 165-167

in photochemistry, 113-115

in photodynamic therapy, 318-321

by polyfluorenes, 167

prediction and discovery of, 113

pulse propagation in, 156

relative evaluation of materials for, 155

singlet oxygen via, 266-271

surface plasmons and, 140-143

symmetric chromophores with large,
197-233, 233-250

symmetry and, 128-130

theoretical background for, 116-132

theoretical methods for describing, 122-128

in 3D data storage, 293-304

three-level model of, 136-139

two-level model of, 132-135

in two-photon initiated cationic
polymerization, 281-283

in unsaturated conjugated systems, 157-160

in upconverted lasing, 321-323

vibrational contributions to, 139-140

waveguide materials and, 308-310

Two-photon active compounds, in 3D data
storage, 302. See also TP entries
Two-photon excitation (TPE), 116, 118-119,

121, 134-135. See also TPE entries
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applications of, 114-115
efficient, 278
fluorescence imaging and, 311
nanoclinics and, 316-317
organic reactions upon, 260-271
outlook for, 328-330
in photochemistry, 113-115
singlet oxygen via, 267
in three-level TPA model, 138—-139
Two-photon excitation microscope (TPEM),
311-312
Two-photon excitation spectra, 178-179. See
also TPE spectra
of conjugated polymers, 171
of fluorene dimer, 176
of stilbene derivatives, 174
Two-photon excited fluorescence (TPEF),
174-175, 255-260
in absolute evaluation of TPA materials,
148-154
of diphenylaminofluorene-based
chromophores, 207
excitation intensity and, 165, 166
in neutral donor-m-acceptor chromophores,
186
quantifying TPA cross section via, 144,
147-148
of symmetric acceptor-n-acceptor
chromophores, 221, 222
of symmetric donor-acceptor-donor
chromophores, 230-231
Two-photon initiated cationic polymerization,
281-283
Two-photon initiated crosslinking
polymerization, 272-283
Two-photon initiated polymerization, 274281
Two-photon photosciences, outlook for, 328-330

Ultrafast energy hopping, 21. See also
Femtosecond entries

Ultrashort laser pulse, 298

Ultraviolet (UV) absorption spectra, 325

Ultraviolet excitation, cycloaddition via, 265

Ultraviolet light, in 3D data storage, 295

Unsaturated conjugated systems, TPA data for,
157-160

Upconverted lasing, 321-323

Urethane acrylate oligomers, in optical circuits,
309
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Urethane acrylates, TP initiated polymerization
of, 286

van der Auweraer, M., 1
VB-CT model, for two-photon absorption, 128
Vibrational contributions, to two-photon
absorption, 139-140
Vibronic coupling, TPA cross section and, 168
Vibronic maxima, 15
Vinylene bridges, in octupolar chromophores,
244-246
Virtual states, in two-photon excitation, 118-119
Volume pixels. See Voxel entries
Voxels
addressing, 300-301
in optical band-gap materials, 305
in waveguide materials, 309
Voxel size (S), 288, 289, 291, 292
in 3D data storage, 296-298

Wavefunctions, 118-119
in octupolar chromophores, 236
symmetry and, 129
Waveguide materials, 308-310
White-light continuum (WLC) fluorescence, 240
of diphenylaminofluorene-based
chromophores, 207
Wire-frame objects, 289
Write once, read many (WORM) technique, for
3D optical memory systems, 294

Xanthene dyes, 277, 278

Xanthone (Xn), excited-state ketyl radicals of, 88

Xylene moiety, in symmetric donor-n-donor
chromophores, 209-210, 210

Yield. See Quantum yield entries

Zero differential overlap (ZDO) transition
densities, 138

ZINDOY/S package, 125, 128. See also CEO-
INDO/S procedure; INDO-MRDCI/SOS
method

with three-level TPA model, 136, 138

z-scan method, quantifying TPA cross section
via, 146, 147, 182, 247

“Z-scheme” of photosynthesis, 97

Zwitterionic structures, bond length alternation
and, 130-132
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