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Index

a
AAm, N,N ′-methylenebis(acrylamide)

(bisAA) 358
ABEI-Ag@PAni-PA composite 497, 498
acetic acid 75, 76, 266, 396, 397, 443,

551–553
acid-sensitive micelles 23
acrylamide (AM) 374

molecules 454
monomers 351, 481–482

2-acrylamido-2-methylpropanesulfonic
acid (AMPS) 384

3-(acrylamido)phenylboronic acid
(3-APBA) 374

adenosine triphosphate (ATP) 287, 326
Ag/(PEI/PAA)2/anti-EpCAM film 436
aggregation-caused quenching (ACQ)

23, 94, 294
aggregation-induced emission (AIE)

effect 147–148, 294–297
micelles 23
photosensitizer hydrogel 62

aggregation states of conjugated polymers
dynamic aggregation 120–121
influencing factors and regulatory

strategies 122–123
static aggregation 119–120

aging rate of photofunctional polymer
materials 7

AgNPs-nanogels 382–384
alcohol dehydrogenase (ADH) 337

alkaline phosphatase (ALP) 274, 528
α- and β-cyclodextrins 221
α-cyclodextrin (α-CDs) 475
alpha-fetoprotein (AFP) 380
amine-terminated peptide nucleic acid

411
ammonium persulfate (APS) 466
amphiphilic conjugated polymer

poly(phenylene)ethynylene (PPE)
409

amphiphilic molecules 190, 221, 222,
332, 409

amphiphilic polymers 225
anchoring effect 305, 306
9, 10-anthracenediyl-bis

(methylene)dimalonic acid
(ADPA) 491

antiadhesion effects 322
antibacterial effects 379, 459, 506, 526
antiepithelial cell adhesion molecule

(anti-EpCAM) 436
antitumor effect 320, 333
antitumor vaccines 529
aromatic heterocycles 117
artificial photosynthesis system 25, 337,

443
atom transfer radical polymerization

411
atomic layer deposition (ALD) technology

349
Au(I)–thiolate species 148
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564 Index

AuNC@histidine fluorescence emission
431

azobenzenes 25, 40, 44, 190, 191, 193,
422, 423, 493, 494, 496, 509, 510,
515, 517

b
BAsCNF films 433
1,3,5-benzenetriazole carboxylate

(H3BTT) 492
β-cyclodextrin 190, 221, 471, 472, 510,

517
BIMEG 287
biohybrid PFP/thylakoid electrode films

443–444
biological functionalization of CPNs 13,

14
biological metabolism 497, 533
biomacromolecules 257
biosensor-based bioabsorbable PLLA

547
2-biphenyl-4,6-bis(12-phenylindolo

[2, 3-a]carbazole-11-yl)-1,3,5-
triazine (PIC-TRZ) 97

4,4′-bipyridine (BPy) 296
N,N ′-bis-acryloyl cystamine (BAC) 255,

469
bis-imidazole groups 288, 414
bisphenol A (BPA)

concentrations 433
quenching efficiency 432

bispillar[5]arene (BP5A) 302
block copolymers 23, 171, 189–191, 215,

227, 244
blue photochromic fibers (BPLF)

363
borate ester bonds 454, 461, 462, 485,

503, 512
boric acid 461
boron-based COFs 177
BPOTZ molecules 294
5-tert-butoxycarbonyl-5-methyl-1-

pyrroline-N-oxide (BMPO)
301

c
calcium carbonate (CaCO3) nanoparticles

274, 275
capillary-templated polymerization

355–357, 374
capsules 24–26
carbodiimide-mediated coupling reaction

457
carbon dots 154, 155, 459, 471–473, 499,

500, 535
carbon materials

carbon dots 155
carbon nanotubes (CNTs) 154–155
fullerenes 156
graphene 155–156

carbon monoxide (CO) 78, 535
carbon nanotubes (CNTs) 67, 154–155,

371, 512, 543
carbon nitride

photocatalysis 159–160
photoluminescence 160–161
photothermal effect 161

carbon nitride nanosheets (CNNS) 239
carbon quantum dots (CQDs) 239, 347
carboxymethyl cellulose (CEC) 472, 505
cationic polymers 60, 115, 231
CDpP-B crystals 106
CdS/Pt-loaded RC film 446
CdS/RC composite film 444
cell culture 41, 314, 514–518, 545
cell imaging 14, 115, 123, 309–317
cell-mediated drug delivery 529
cellulose 403

microstructure of 404
molecular structure of 404

cellulose nanofibers (CNF) 373, 433,
490

chemical crosslinking methods
dynamic covalent bond 457–464
permanent covalent bond 454–457

chemical/physical synthesis methods
253

chemiluminescence 93, 104–106, 228,
301, 302, 497, 533

chitosan 396
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Index 565

hydrogel 44
molecular structure of 396

chitosan-tannic acid complex (CT) films
440

circularly polarized luminescence (CPL)
signal regulation 416

CO2-responsive block copolymer micelle
23

COF-enzyme composites 229
conduction band 40, 51, 70, 72, 151, 152,

290, 367, 447, 454, 479, 489, 492
conformational switching effect 118
conformation of conjugated polymers

116–119
conjugated polymer nanoparticles (CPNs)

13, 225, 226, 228, 272, 284, 299,
323, 537

conjugated polymer PPV-ST 333
conjugated polymers (CPs) 109, 212

aggregation states of 119–123
conformation of 116–119
luminescence sensing mechanism of

exciplexes and excimers 126
Förster resonance energy transfer

(FRET) 124–125
metal-enhanced fluorescence (MEF)

126–127
photoinduced electron transfer (PET)

125
main-chain structure 109–113
side chain structure 113–116

copper nanoclusters 143–144, 415, 416
copper nanoparticles 127–129, 135–136,

138, 466, 468
coprecipitation approach 282
coprecipitation method 212–218,

235–236, 264, 265, 267, 282, 283,
318

core-shell structure 16, 27, 71, 122,
253–261, 273, 276–279, 347, 361,
368

covalent bonding 113, 156, 164, 194,
223, 285, 290, 407, 457, 493

covalent modification method 188,
228–229, 238–240

covalent organic framework (COF) 176,
212, 229

nanodots 62
optical properties of

heterojunction construction 184
photosensitive groups 183–184
coupling of functional building units

181–182
element doping 182–183

structure of
boron-based linkage 177–178
hydrazone linkage 179–181
imine linkage 178–179
triazine linkage 178

CPL-active film 417
CRISPR-Cas9 548, 549
critical micelle concentrations (CMC)

22, 225, 272
crystallization and cross-linking

476–477
crystal violet lactone (CVL) 363
CT-I/N composite film 441
CT-I/N patches 440
CT patch 440
Cu NC/polymer composite film 416

PL enhancement 416
PL spectra and decay profiles 416

Cu2S nanoparticles 370
cyclic peptide RGD-modified

nanoparticles 309
cyclodextrins 191, 220, 221, 224, 296, 458
cyclodextrin-drug complexes 225
cyclopenta-dithiophene (CDT) 292

d
DASA 333
data-driven artificial intelligence 527
degradable photofunctional polymer

composite development 538
degree of polymerization 116, 117
dendrimers 190–194
N,N ′-diaryl-dihydrodibenzo[a,

c]phenazines (DPAC) 96
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566 Index

1,4-diazabicyclo[2.2.2]octane (DABCO)
365

dibenzo[a,c]phenazine-3,6-dinitrile 102
2′,7′-dichlorofluorescein (DCFH) 299,

300
2′,7′-dichlorofluorescein diacetate

(DCFH-DA) 378
DiD-stained cells 481, 517
diethyl phthalate 301
9,10-dihydro-9,10-diboranthracene (DBA)

102
dihydroethidium 319
5,5-dimethyl-1-pyrroline-N-oxide

(DMPO) 301
3,6-dimethyl-substituted

diketopyrrolopyrrole (DPP) 318
dimethyl sulfoxide (DMSO) 354, 485
9,9-dioctylfluorene-co-benzothiadiazole

(PFBT) 218
dip coating 406, 407
direct polymerization 212, 227–228
dispersion medium 18
disulfide bonds 255, 402, 454, 462–465,

469
dithienobenzothiadiazole (DBT) 287
dithienylethene (DTE) 283
DMCNPs 213
DNA detection 57–59, 498, 499
DNA/H/CCP fibers 355
DNA monolayers 225
DNA nanovaccine 531
DNA sequence detection 434
donor–acceptor–donor model 110
donor–acceptor–donor (D–A–D)

molecular topology 113
DOTAP 21, 225, 271, 272
doxorubicin (DOX) 29, 224, 381, 382,

424, 512
DPFL-TPD binary nanoparticle films

421, 422
drug delivery 8, 14, 17, 20, 24, 25, 28, 29,

36, 40, 44, 47, 48, 51–54, 64, 115,
121, 129, 190, 222, 223, 238, 253,
274, 276, 292, 332–334, 382, 387,

395, 443, 453, 496, 507–509, 526,
529, 531, 537, 538, 544

dual-emission fluorescent nanoparticle
system 288

dual-emissive film 430
dual-responsive intelligent surface for

cancer cell capture and release 68
dye-coated silica 16
dynamic aggregation 120–121
dynamic covalent bond 457–464, 512

e
E. coli biohybrid system 550, 551
EDC/NHS mediated amination reaction

457
electrochemiluminescence (ECL) sensor

497
electroluminescence (EL) 93, 100–104,

427
electron-deficient property of

benzothiadiazole 111
electron transfer mechanism 289–294,

419, 420, 432, 477–481
electrospinning method 347, 349
electrostatic adsorption 17, 233, 254,

280, 298
electrostatic interactions 14, 24, 30, 45,

49, 71, 185, 187, 218, 219, 221, 225,
231–233, 237, 243, 257, 258, 262,
271, 272, 274, 284, 288, 289, 292,
326, 330, 335, 383, 398, 408, 411,
422, 500, 504, 506

El-Sayed rule 98, 99
emission intensity 137, 168, 283, 287,

289, 292, 299, 319, 413, 431, 434,
481, 483, 485, 500

emulsion droplets 226, 267–270, 304,
305

emulsion microstructure 267
emulsion polymerization process 269
emulsions

continuous phase 18
dispersed phase 18
NIR/visible light-induced phase

inversion 19
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Index 567

oil/water 18
stability 18
water/oil 18

endocytosis mechanism 311
energy crisis 1, 2, 11, 72
energy/electron transfer effect 359–362,

416–422
energy transfer mechanism 281–289,

298, 416, 417, 419, 422, 481–483
environmental pollution 1, 11, 50, 70, 74
enzyme-based systems 550
enzyme-responsive self-assembly 223
ethylenediaminetetraacetic acid (EDTA)

274
excimers

exciplexes and 95
pyrene formation of 96

excited-state absorption (ESA) 291
external environmental factors 117, 278
extracellular matrix (ECM) 31, 323, 457,

514

f
fibrous-Au-GG film 425
film-mesolayer-nanoparticle 233
FITR spectroscopic analysis 466
flash nanoprecipitation (FNP) 215, 216
fluorene (P1) 110, 287, 299, 326, 420, 506
fluorescein isothiocyanate (FITC) 281,

433
fluorescence 37

amplification effect 298, 485
π-conjugated systems 93
restricted intramolecular rotation (RIR)

mechanism 95
restricted intramolecular vibration

(RIV) mechanism 95–97
fluorescence bioimaging 54
fluorescence detection 56–60, 126
fluorescence emission intensity 15, 146,

294, 432, 500
fluorescence enhancement effect 17, 94,

127, 412–416, 483–487

fluorescence imaging 2, 8, 14, 17, 22,
54–57, 61, 63, 311, 314–316, 333,
453, 538

fluorescence–phosphorescence emission
system 427

fluorescence quenching effect 255, 276,
433

fluorescence resonance energy transfer
(FRET) 16, 218, 231, 239, 410,
415, 481

fluorescence spectra, of PFDBT-BIMEG
on Ag/(PLL/PAA)/PLL-g-PEG film

414
on (PLL/PAA)/PLL-g-PEG film 414

fluorescent composite materials 12
fluorescent films 36–38, 43
fluorescent peptide thioester 529
fluorescent polymer nanoparticles 293,

332
fluorescent signals 54, 63, 222, 332, 515,

532
fluorinated ethylene propylene (FEP)

372
folded chain conformation 117, 119
Förster resonance energy transfer (FRET)

124–125, 281
free radical mechanism 60
freezing process 476
functional CRISPR/Cas9 proteins 549
functionalized particle emulsifiers 20

g
g-CN polymer hydrogel 240
GA/OA-g-CS polymer films 397
Gel/GSE/TiO2 composite film 400
gelatin 400

molecular structure of 402
gelatin-based hydrogels 44
glucose oxidase (GOX) 229, 497
glutathione (GSH) 147, 231, 232, 262,

300, 313, 415, 457, 483, 507
glutathione (GSH)-modified gold

nanoclusters 457
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568 Index

3-glycidoxypropyltrimethoxysilane 430
gold nanoclusters (AuNCs) 3, 5,

139–142, 146, 147, 231, 234, 239,
241, 267, 286, 290, 295, 305, 307,
312, 314, 316, 328, 430, 439, 455,
457, 483, 487, 502, 507

gold nanoflowers (AuNFs) 279, 280
gold nanoparticles (AuNPs) 129–133,

238, 241
gold nanorods 129–130
gold nanostars 132–133
hollow gold nanoparticles 130–132

gold nanorods 43, 68, 129–130, 132, 133,
149, 233, 303, 304, 381, 424, 425,
487, 502, 513

gold nanostars 132–133
Golgi apparatus (GA) 529
graphitic carbon nitride (g-C3N4) 242,

456
green fluorescent protein (GFP) 187
GSH-AuNC 231, 232, 234, 439
guar gum (GG) 461, 503

h
H-aggregation 69, 119–121
H dimer nanospheres 70
heavy atom effect 61, 98, 298, 427
Heeger’s research 115
hemagglutinin (HA) 500
N-heterocyclic aromatic hydrocarbon

skeleton of carbazole 111
high-throughput screening technology

526
highest occupied molecular orbital

(HOMO) 111, 290
hippocampal (HPC) 388, 389
HisAgCCN 535, 536
hollow gold nanoparticles 130–132
hollow structured nanocomposites 259
host–guest interactions 190, 220, 234,

297, 302, 303, 422–424, 458, 464,
472–476, 493, 510, 517

hyaluronic acid (HA) 63, 241, 262, 294,
458, 496, 502, 510

hybrid structure, nanocomposites
261–267

hybridized local and charge transfer
(HLCT) 101, 103

hydrazone-linked COFs 179
hydrochloric acid 466, 471
hydrogel 43–45

bond cross-linking 465–468
preparation via polymerization 356
scaffold 65

hydrogen bonding 77, 126, 181, 211, 219,
221, 233, 237, 266, 296, 318, 354,
383, 406, 407, 415, 427, 466, 475,
481, 507, 513, 516, 528

hydrogen peroxide (H2O2) 60, 150, 234,
301, 318, 491, 533

hydrophobic alkyl side chains 116
hydrophobic and electrostatic interactions

271, 284
hydrophobic effects 234, 262, 272, 296
hydrophobic interaction 45, 57, 62, 67,

69, 123, 212, 213, 219, 221, 225,
226, 262, 264, 266, 288, 313, 326,
328, 333, 398, 466, 470–472, 481,
506, 510, 517

hydrophobic monomers 470, 471
2-hydroxyethyl methacrylate (HEMA)

466
hydroxypropyl chitosan (HPCS) 458
hypochlorite ion (ClO−) 329

i
IFN-γ cytokine 323
IFN-γ protein 324
immunotherapy 323–325, 529, 530, 537
indium phosphide (InP) light-harvesting

nanoparticles 555
indocyanine green (ICG) 237, 270, 306,

440
infrared light-responsive drug release

system 66
infrared thermal imaging 324, 488–490,

503
inorganic nonmetallic materials

carbon materials 154–156
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Index 569

carbon nitride 156–161
perovskites 166–168
quantum dots (QDs) 151–154
titanium dioxide (TiO2) 168–171
transition metal disulfides 161–166

inorganic/organic composites 4
inorganic photochromic functional films

39
inorganic photofunctional materials 2,

3, 230, 315
inorganic photosynthetic biohybrid

systems 555
in situ assembly strategy 526–531
in situ polymerization method 532
in situ reaction method 240–243
interfacial active upconversion

nano-phosphates 19
interfacial polyelectrolyte complexation

(IPC) 30, 354
intersystem crossing (ISC) 61, 69, 93,

298, 365, 415, 490
intracellular NADPH regeneration

555
intracellular PFT photocatalytic CO

production 78
intramolecular charge transfer (ICT) 42,

103, 188, 292, 293, 297, 478
ion cross-linking 398
ion-dipole interactions 296
ionogel 493, 494
iridium (III) complexes 298, 299,

331
iron-doped carbon dots 459
isothermal titration calorimetry (ITC)

313
ITO/PEDOT:PSS/conjugated polymer:

[Ir(2-PhQ)2acac]/SPPO13/Al
device 427

ITO/ZnO/P3HT:PCBM/MoO3 multilayer
444

j
Jablonski energy level diagram 37, 93,

418
J-aggregation 119–121, 318

k
konjac glucomannan (KGM) 365, 465

l
Langmuir–Blodgett (LB) film technology

409
layer-by-layer (LbL) self-assembly

technique 407
films 424, 432
polyelectrolyte multilayer films 17
technology 24, 408, 432

light-controlled drug release 12, 171,
453, 507–515

light-controlled release
applications of 65–67
principle of 64–65

light-driven biotransformation 74–76
light-guiding properties 371–373
light-harvesting proteins 184–186
light-induced self-assembly 190, 528
light irradiation 9, 39, 47, 53, 66, 69, 71,

104, 149, 155, 156, 190, 193, 220,
239, 242, 257, 283, 284, 287, 300,
314, 321, 334, 363, 365, 366, 368,
370, 379, 423, 427, 437, 439, 440,
444, 455, 456, 462, 488, 490–494,
503, 506–511, 513, 515, 516, 548

light-responsive capsules 25
light-responsive materials 53, 60, 64, 194
light switch release mechanism 65
lignocellulose-based film (PR20) 404,

405
linear discriminant analysis (LDA) 57,

331
lipid nanoparticles (LNPs) 270
lipopolysaccharide (LPS) 329
liposomes 12, 20–22, 73, 78, 223–225,

270–272, 284–286, 312, 313, 337,
513, 537

liquid-phase exfoliation method 62
living radical polymerization 17
localized surface plasmon resonance

(LSP) 137, 233
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570 Index

local surface plasmon resonance (LSPR)
effect 7, 128

lowest unoccupied molecular orbital
(LUMO) 111, 290, 419

luminescence sensing mechanism of
conjugated polymers

and excimers 126
and exciplexes 126
Förster resonance energy transfer

(FRET) 124–125
metal-enhanced fluorescence (MEF)

126–127
photoinduced electron transfer (PET)

125
luminescent fiber fabrication 359
luminol 105, 228, 497, 533
lysosomes 222, 329, 334, 528, 531

m
macrocyclic confinement effect

297
macrocyclic molecules 234
MAPAH fibers 354
Maxwell’s equations 134
mechanoluminescence (ML) 93,

106–108
11-mercaptoundecanoic acid (MUA)

262, 316
mesoporous silica nanorods (MSN)

502
metal-carbonyl complex-based release

molecules (CORMs) 535
metal coordination effect 468–470
metal-enhanced fluorescence (MEF)

effects 14–16, 124, 126–127,
136–139, 276–281, 320, 412

metal-organic frameworks (MOFs)
492

optical properties of 172–176
structure of 172

N,N ′-methylenebis(acrylamide) (MBA)
356, 358, 384

methyl methacrylate (MMA) 227, 242
6-methyl-1,3,5-triazo-2,4-diamine

(MTDA) 100

micelles
photofunctional polymer composites

22–24
photofunctional polymer

nanocomposites 272–274
microemulsion method 13, 144,

225–227, 237, 238
microfibrillated cellulose (MFC) 405
microfluidic method 357–358
micropinocytosis 311
mixed matrix membranes (MMMs) 229,

243
molecular assembly methods 320
molybdenum disulfide (MoS2) 161, 164,

245, 490
monodisperse silica nanoparticles 260
monolayer liposomes 20
montmorillonite (MMT) 269–270, 306
M. thermoacetica-CdS/TiO2-MnPc

biohybrid system 552
multichamber structure capsules 25
multifunctional integrated

photofunctional polymer
composites

biocompatibility and safety of 539
CAR immune cell therapy 539
challenges 539
degradable materials 538
imaging technology 538
immunomodulators 537
immunotherapy mechanisms of 537
photodynamic therapy 533
tumor treatment 538

multifunctional micelles 24
multi-inlet vortex mixer (MIVM) 215,

216
multilayer composite film 407
multistimuli-responsive white-light

hydrogel 47

n
Na-alg/GO nanocomposite films 398
N-acetyl-L-cysteine (NAC) 329
NADH oxidation 77, 337, 533, 550
nanoclusters 305
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Index 571

nanocomposites (Pdots) 322
conjugated polymer nanoparticles

(CNPs) 13
conjugated polymers 12–13

nanomedicines 12, 25, 225, 529
nanotechnology 11, 53, 59, 60, 69, 127,

189, 253, 257, 346, 527, 540, 546
naphthalenediimide (NDI, P6) 112
natural polymer fibers 26, 27
near-infrared (NIR) absorption 36,

41–43, 69, 462
near-infrared light 7, 19, 25, 41–43, 48,

67, 147, 244, 258, 306, 324, 372,
525, 537

n-isopropylacrylamide (NIPAM) 456
nitrobenzofurazan 528, 529
nitrogen-fixation 554, 555
noble metal nanoclusters

aggregation-induced emission (AIE)
effect 147–148

copper nanoclusters 143–144
gold nanoclusters 139–142
optical properties of 144–145
photoluminescence 146
photosensitive effect of 149–1150
photothermal effect of 148–149
silver nanoclusters 142–143
two-photon absorption (TPA)

146–147
noble metal nanoparticles

copper nanoparticles 135–136
electronic structures of 128
gold nanoparticles (AuNPs)

gold nanorods 129–130
gold nanostars 132–133
hollow gold nanoparticles 130–132

optical properties of
metal-enhanced fluorescence effect

(MEF) 136–138
photothermal therapy (PTT)

138–139
silver nanoparticles 133–135

nonenzymatic catalytic reactions
532

nonionic water-soluble conjugated
polymers 115

nonsolvent induced phase separation
(NIPS) technique 229, 352

o
OF-Si-doped silica nanoparticles 295,

296
oligoethylene glycol (EG) 287
one-pot method 457
optical detections 325–332

and sensing 496–502
optical display 10, 383–386
optical fiber communication 2
optical fiber materials 26
optical function realization mechanism

12
optical functional polymer composites

550, 556
optical functional polymer films 427
optical sensing technology 374
optical therapies 317–325, 377–383,

437–443
optogenetics 30, 31, 35, 324, 374,

386–390, 537, 541
organic-inorganic hybrid solar cells

41
organic light-emitting diode (OLED)

devices 2, 7, 93, 100, 427
organic materials, doping of 43
organic molecular-based fluorescence

platforms 59
organic molecule-based fluorescence

platforms 59
organic optoelectronic composites 75
organic photochromic film materials

39
organic photochromic functional films

39
organic photoelectric devices 4
organic photofunctional materials 3–5,

211, 212, 238
organic semiconductor-

nonphotosynthetic bacterial
hybrid system 76
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572 Index

ortho-nitrobenzyl 510, 512
oxidized dextran (OD) 459
oxidized hyaluronic acid (OHA) 458

p
PAA-C6-Azo conjugated polymer

422
PAA/PDDA multilayer film 408
palladium nanoparticles (Pd-NPs) 350,

351
PAMBI-2 copolymer films 427

emission decay profiles of 428
fluorescence and phosphorescence

emissions of 428
PAMI-2 copolymer films 427

emission decay profiles of 428
fluorescence and phosphorescence

emissions of 428
PAMMI-2 copolymer films 427

emission decay profiles 428
fluorescence and phosphorescence

emissions 428
PAN-CQDs nanofibers 347, 348
PDA/AuNCs film 407, 408
Pdot-Qdot nanocomposites 236
(PEI/PAA)n/anti-prostate-specific antigen

(anti-PSA) multilayer films
413

permanent covalent bond 454–457
perovskites 166–168
PFBT-F127-SiO2 NPs 55
PFBT-NH-PIMA dots 214
PFDBT-BIMEG, positively charged

conjugated polymer 436
PFP/A. Chroococcum hybrid system for

nitrogen fixation 554
PFP/PDI heterojunction 75
PFVCN

absorption and emission spectra of
413

fluorescence signal 435
phase transition mechanism 47, 48
phenylboronic acid (PBA) 266, 299, 309,

310, 320, 512
1, 4-phenylenediisothiocyanate 411

phenyl-modified carbon nitride (PhCN)
301, 310

phorbol 12-myristate 13-acetate (PMA)
497

phosphocreatine 337
phospholipids 20, 21, 116, 223, 225, 226,

237, 270–272, 317
phosphorescence 37

ISC efficiency 98–99
T1 nonradiation 99–100

phosphorescence emission mechanism
427

phosphorescence intensity 300, 320
photoacid doping 50
photoacoustic effect 317
photoacoustic imaging 8, 41, 217, 307,

308, 315, 317, 538
photoacoustic signal intensity 308
photoactive nanocomponents 509
photobiological conversion technology

74, 75
photocatalytic CO2 reduction 71–72, 78
photocatalytic degradation 2, 157, 169
photocatalytic effect 70–71, 170,

365–370
photocatalytic-Fenton reactions 368
photocatalytic H2 generation mechanism,

CdS/Pt-loaded RC film 446
photocatalytic therapy 76–78
photochromic effect 363–364
photochromic functional films

applications 38
color-changing mechanism 39

photochromic materials 39, 40, 43,
526

photochromic microcapsules (PM)
385

photodynamic sterilization 63, 64, 346,
507

photodynamic therapy (PDT)
application of 61–64
principle of 60–61

photoelectric conversion thin films
40–41
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Index 573

photofunctional composites 4–6, 11, 12,
17, 18, 43, 44, 46, 52, 227, 238, 240,
243, 244, 371, 381, 396, 404, 410,
412, 434, 435, 437, 440, 453, 526,
528, 535, 537, 546, 547

photofunctional conjugated polymers
217

photofunctional fibers 26
natural material-based fibers 26–30
synthetic polymer fibers 31–35

photofunctional hydrogel
advantages of 44
fluorescent hydrogel 46–47
light-controlled release hydrogel

51–52
nanoscale 44
photochromic hydrogel 47–48
photoelectric conversion hydrogel

50–51
photothermal hydrogel 48–50
physical properties 46
structure and composition 45

photofunctional materials
in biomedical fields 2
and communication technology 2
in information storage 2
inorganic and organic 2, 3
optical fiber communication 2
photocatalytic degradation technology

2
photofunctional molecules 23, 264, 483,

485
photofunctional organic polymer

composite system
coprecipitation 212–218
covalent modification 228–229
direct polymerization 227–228
microemulsion method 225–227
physical mixing method 229–230
self-assembly method 218–225

photofunctional organic/inorganic
polymer composite systems

coprecipitation method 235–236
covalent modification 238–240
in situ reaction method 240–243

microemulsion 236–238
physical mixing method 243–245
self-assembly method 231–235

photofunctional polymer composite films
biomedical field

advantages 429
energy storage 443–446
food packaging 446–448
optical detection 430–437
optical therapy 437–443

functions
energy/electron transfer effect

416–422
fluorescence enhancement effect

412–416
photoisomerization effect 422–424
photothermal effect 424–426
self-supported films 396–406
substrate-supported films 406–412

photofunctional polymer composites
advantages of 8
artificial biological photosynthesis

550–556
bioapplications

biological detection and imaging
54–60

light-controlled release 64–67
photocatalytic effect 70–78
photodynamic therapy (PDT) 60–64
photothermal therapy (PPT) 67–70

biomedical application of 8–9
in bone tissue regeneration application

9
capsules 24–26
clinical translation and application

549
emulsion 18
fibers 26–35
gene editing technologies 548
hydrogel composites 10
in situ aggregation strategy 531–533
in situ assembly strategy 526–531
intelligent drug delivery systems 8
intelligent light response 525–526
interdisciplinary integration 540–546
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574 Index

photofunctional polymer composites
(contd.)

interface engineering 7
liposomes 20–22
micelles 22–24
multifunctional integration 533–540
multifunctional synergies of 5, 6
nanocomposites

conjugated polymer nanoparticles
(CPNs) 13

conjugated polymers 12–18
organic photovoltaic cells 6
performance enhancement 5
personalized medicine 546–549
in photothermal therapy (PPT) 9
size of 10
in soft tissue repair 9
structure and morphology of 9–11
systematic classification and analysis of

12
technical and clinical challenges 549
thin films composites 10

photofunctional polymer fiber composites
bioapplications

optical detection 374–377
optical display 383–386
optical therapy 377–383
optogenetics 386–390

functions
energy/electron transfer effect

359–362
light-guiding properties 371–373
photocatalytic effect 365–370
photochromic effect 363–364
photosensitization effect 364–365
photothermal conversion effect

370–371
structures of

capillary-templated polymerization
355–357

electrospinning 346–351
microfluidic method 357–358
stretching process 354–355
3D printing 351–352
wet spinning process 352–353

photofunctional polymer films
fluorescent films 36–38
near-infrared (NIR) absorption films

41–43
performance 35
photochromic films 38–40
photoelectric conversion thin films

40–41
photofunctional polymer materials

light absorption range 7
photocatalytic application of 7

photofunctional protein
green fluorescent protein (GFP) 187
light-harvesting proteins 184–186
polymers

block copolymers 189–191
dendrimers 191–194

photofunctional small molecules 214,
217

photogenerated electron-hole pairs 70,
159, 176, 181, 370, 446

photoinduced electron/energy transfer
(PET)-reversible
addition–fragmentation chain
transfer polymerization (RAFT)
531

photoinduced electron transfer (PET)
124, 125, 290, 361, 419, 420, 480

photoinitiators 351, 352, 356, 371, 454,
455, 463, 471, 509, 531

photoisomerization effect 422–424,
493–495

photoisomerization groups 509, 515
photoluminescence

fluorescence
π-conjugated systems 93
restricted intramolecular rotation

(RIR) mechanism 95
restricted intramolecular vibration

(RIV) mechanism 95–97
phosphorescence

ISC efficiency 98–99
T1 nonradiation 99–100

photopolymerization release mechanism
64
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photoresponsive nanomaterials 9
photosensitization effect 128, 150,

298–303, 364–365, 419, 490–493
photosensitizer protoporphyrin IX (PpIX)

365
photosensitizers (PS) 21, 526
photoswitchable molecules 283
photosynthesis 334–337, 443, 550–556
photosynthetic biohybrid systems 550,

551, 553, 555
phototherapy 31, 33, 36, 68, 345, 346,

502–514, 526, 538, 541
photothermal agent 21, 67, 68, 138, 270,

306, 440, 459, 487, 502, 513
photothermal conversion effect 161,

370–371, 487–490
photothermal conversion efficiency 43,

68, 69, 129, 130, 132, 133, 138, 149,
161, 217, 236, 304–306, 322, 425,
488, 489, 503

photothermal conversion materials 11,
323, 453, 502, 525

photothermal effect 268, 303, 308, 424
photothermal–electrical cascade

conversion 51
photothermal graphene oxide (GO) 380
photothermal therapeutic effects 9, 322
photothermal therapy (PTT) 9, 67–70,

138, 307, 322, 381, 453, 536
physical coating 406
physical crosslinking method

crystallization and cross-linking
476–477

host–guest interaction 472–476
hydrogen bond cross-linking 465–468
hydrophobic interaction 470–472
metal coordination effect 468–470

physical mixing method 229–230,
243–245

Pickering emulsion 18–20, 237, 238,
267–270, 306, 310

π-conjugated system 42
plant seed germination 332
plasmon oscillation 137

plasmon resonance effect 276, 279, 380,
383

polyacrylamide (PAM) 281, 454, 455,
466, 468, 471, 487, 497, 515

poly(acrylic acid) (PAA) 237, 279, 304,
351, 412, 417, 434

polyacrylonitrile (PAN) 347, 359, 363
polyaniline (PANI) 59, 71, 239, 242, 306,

456, 488
polycaprolactone (PCL) 352, 371, 377,

380, 382
poly(dimethylsiloxane) (PDMS)

composite films 31, 426, 439
poly(9, 9-dioctylfluorene) (PFO) 122
polydopamine (PDA) 233, 371, 407, 441,

458, 466, 505, 513
poly(dopamine) nanoparticles (PDAPs)

233, 407, 458, 476, 487, 513
polyelectrolyte multilayer capsules

274–276
polyelectrolyte multilayer film 17, 417
polyelectrolytes (PE) 17, 22, 30, 232, 233,

274, 289, 354, 408, 412, 417, 422,
432, 548

polyethylene glycol (PEG) 115, 149, 190,
212, 221, 223, 227, 238, 307, 356,
474, 496, 498, 500, 513

poly(ethylene glycol) diacrylate (PEGDA)
371, 374

poly(ethylene glycol) prepolymer
(PEGDA) 352

polyfluorene 110, 114, 254, 330, 430
polyfluorene-based polymer (PFV) 254
polyhedral oligomeric silsesquioxane

(POSS) 283, 382
poly(3-hexylthiophene) (P3HT) films

443
polylactic acid-glycolic acid (PLGA) 234
poly(L-glutamic acid) 221
poly(L-lactic acid) (PLLA) 31, 387
polymer dot formation 212, 213
polymer micelles 22, 23, 272
polymer molecular brushes 66
polymer optical fibers 26
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poly[2-methoxy-5-((2-ethylhexyl)oxy)-
phenylenevinylene] (MEH-PPV)
420

polymethyl acrylate (PMA) 354
polymethyl methacrylate (PMMA) 26,

228, 386, 416
poly(N-acryloyl glycinamide) (PNAGA)

516
poly(para-phenyleneethynylene) (PPE)

57
poly(phenylene ethynylene) (PPE) 409,

532
poly(p-phenylene vinyl) (PPV) 122, 220,

272
polysaccharides 29, 43, 45, 262, 309,

396, 398, 400, 457, 461, 465, 492,
527

poly(SP-co-NiPAAm) polymer brushes
67

poly(styrene-co-maleic anhydride)
(PSMA) polymers 212, 213, 257,
265

polystyrene (PS) microspheres 269
polystyrene polyethylene glycol (PS-PEG)

212
polyvinyl alcohol (PVA) 31, 43, 45,

49, 237, 365, 415, 466, 476, 479, 485
poly(9-vinylcarbazole) (PVK) 265
polyvinylidene fluoride (PVDF) 386
porphyrin 62, 173, 176, 192, 193, 298
potassium persulfate (KPS) 469
PPE-TNT 420
precious metal composite nanoparticles

13
prodigiosin 403
protein detection 58, 59

mechanism, of photofunctional
composite film 434

proteomic analysis 529
protonation-sensitive fluorescent

478
PSVBA/PhCN nanoparticles 310, 311
Py-Bpin crystal 107
PyPE-TNT systems 420

q
quantum dots (QDs) 7, 8, 10, 17, 25, 36,

37, 52, 54, 57, 147, 151–155, 161,
194, 215, 218, 230, 231, 236, 239,
244, 245, 309, 330, 347, 359, 395,
454, 550, 553, 554

quantum yield (QY) 7, 55, 57, 74, 98,
102, 104, 109–111, 118, 119, 123,
146, 153, 156, 160, 162, 166, 187,
188, 215, 225, 230, 231, 257, 278,
286, 294–296, 327, 416, 439, 552

quaternary ammonium salt (QAS) 115,
291, 299, 320, 413, 417, 418, 443

quenching efficiency of BPA 432
quinoxoline 112

r
radiative decay rate 278, 294, 413
ratiometric fluorescent sensor 497
reactive oxygen species (ROS) 2, 105,

214, 298, 329, 364, 397, 456, 526
red photochromic fibers (RPLF) 363
redox balance 533
reduced graphene oxide (rGO) 244, 245
refractive index 1, 26, 32, 33, 168, 372,

374, 462
regenerated silk protein (RSF) 373
reprecipitation method 420
restricted intramolecular vibration (RIV)

mechanism 95–97
restriction of intramolecular motion

(RIM) 94
reversible addition–fragmentation chain

transfer polymerization (RAFT)
17, 531

rGO@IOL composite films 440
room-temperature phosphorescence

(RTP) 98, 101–103, 426
ROS-activatable photosensitizer

composite materials 63
ROS production mechanism of

photosensitizers 61
ROS-responsive polymer nanocomposites

234
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s
sandwich configuration 101
Schaap’s dioxetanes 105, 106
Schiff base reaction 457, 458
SD/BSA nanoparticles 443
SD/curcumin nanoparticles 443
SEGP composite film 403, 404
self-assembled monolayer (SAM) 410,

430
self-assembly 526

of DNA and PFBT 411
method 218–225, 231–235

self-polymerization 177, 407
self-quenching effect 63, 265, 361
self-supported films 395–406
SH-aPDT film 438, 439
sialic acid (SA) 266, 267, 269, 309, 310,

500
side chains of water-soluble conjugated

polymers 115
silanization modification 411
silk fibroin 402

film 403
α-helix and β-sheet of 403

silver nanoclusters 142–143
silver nanoparticles 17, 133–135, 224,

231, 255, 256, 263, 275–278, 280,
281, 382, 409, 415, 417, 432, 436,
485, 492, 502

silylation reaction 410
single-step enzymatic reaction 433
singlet oxygen mechanism 61
SiO2-dye composite nanoparticles 15
small organic molecules

chemiluminescence 104–106
electroluminescence (EL) 100–104
mechanoluminescence (ML) 106–108
photoluminescence

fluorescence 93–97
phosphorescence 97–100

sodium alginate (SA) 43, 49, 352, 368,
398, 400, 432, 434, 483, 499, 545

sodium hypophosphite (NaH2PO2) 136,
466

sodium polyacrylate (PAAS) 354

sodium salicylate (SA) 481
sodium tetraborate 462
solar-powered factory 553, 554
sol-gel method 254, 255
SP-8Y/RSF film 422
SP-COOH/RSF composite film 422, 423
spin coating 231, 243, 245, 406, 407, 427,

443
spin–orbit coupling (SOC) effect 97, 98,

102, 111, 427
spiropyran (SP) 19, 39, 47, 65, 66, 190,

286, 314, 363, 364, 385, 422, 466,
494–496

static aggregation 119–121
stretching process 354–355
substrate-supported films 395, 396,

406–412
sugar bridge interaction 320, 321
3-sulfopropyl methacrylate potassium salt

(SPMA) 239
supramolecular composite

photosensitizers 77
surface plasmon polarization wave (SPP)

233
surface plasmon resonance (SPR) 42,

127, 151, 230, 276, 383, 485, 487,
500

surface SPR effect 492
Suzuki coupling 110, 177
synergistic effect 5, 6, 111, 113, 217, 221,

253, 270, 276, 296, 370, 444, 471,
503, 533, 536

synthetic polymer hydrogels 44, 45

t
tannic acid (TA) 255, 368, 398, 440, 462
TEMPO-oxidized cellulose nanofibrils

(T-CNF) 463
tetrabutylammonium

hexafluorophosphate (TBAH)
361

tetracycline 159, 499, 500
tetraethyl orthosilicate (TEOS) 295
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10,10′,11,11′-tetrahydro-5,5′-bidibenzo[a,
d][7]annulenylidene (THBDBA)
95

tetraphenylethylene (TPE)-modified
polymers 23

2,2,6,6-tetramethyl-4-piperidone
hydrochloride (TEMP) 301

three-dimensional carbon nanosheets
(3D-CNS) 236

3D printing technology 351, 352, 543,
544

thermal-activated delayed fluorescence
(TADF) 97, 101

thermal response mechanism 64
thermal therapy 322
thin-film fluorescence sensing 37
thiolation reaction 286
thiol–metal interaction 469
titanium dioxide (TiO2) 168–171

crystal structure and morphology 170
light response range 170–171
nanoparticle size 170

tmf-BDP nanoparticles 69
TP-CS nanocomposite films 398
traditional materials

in disease diagnosis and treatment 1
limitations 1, 2

traditional phototherapy 345
transition metal disulfides (TMDs)

161–166
bis(2,4,6-trichlorophenyl) oxalate (TCPO)

301
4,4′,4-trimethyltriphenylamine (TTA)

359
triphenylphosphonium (TPP)-terminated

peptide 307
triplet–triplet absorption (TTA) 291
triplet–triplet annihilation (TTA) 101,

103
tumor ablation treatment 525

twisted intramolecular charge transfer
(TICT) 188, 293

two-photon absorption 55, 128, 146–147,
316

two-photon excitation (TPE) 147, 316
two-photon fluorescence imaging (TPFI)

55, 315, 316

u
ultra-flexible photothermal eutectogels

49
ultraviolet (UV) radiation 286, 462
unzipped multiwalled carbon nanotubes

(uCNT) 371
upconversion nanoparticles (UCNPs) 8,

371, 375, 454
UV light irradiation 190, 193, 242, 287,

423, 462, 488, 494, 515

v
verteporfin (VP) 437
vibration-induced emission (VIE) 96,

332
4-vinylbenzeneboronic acid (VBA)

269
vinyl-modified spiropyran (SPMA)

466

w
water-soluble galactoglucomannan

(GGM) 462
water-soluble polymer nanoparticles

226
wet chemical methods 135
wet spinning process 352–353
white-light-emitting nanofibers

(WLENFs) 361
white organic light-emitting diodes

(WOLEDs) 427
WO3/MoO3/g-C3N4 heterojunction 75
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wool/acrylic (W/A) blended fibers 352
Wood–Ljungdahl pathway (WLP) 75,

336, 443, 552

y
Yb/Er/CeO2/PLGA composite-coated

zinc-based scaffold 546

z
zwitterionic polymer brushes, on ITO

substrate 412
zwitterionic polymer synthesis 411
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