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(PANI/G/MnO2) paper 381, 382

poly-ATMA-co-DOPAMA-co-PEGMA
conductive copolymers 411

poly(2,2′-bithiophene) (PBTh) catalyst, for
HER 357

poly((butylene adipate-co-terephthalate)
(PBAT) 463
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polycarbonate membrane (PCM) 315
poly((diethylamino)-ethyl

methacrylate)-co-sodium
methacrylate
(PDEAEMA-co-SMA) 457

poly(2,6-dimethyl-1,4-phenylene oxide)
(PPO) 455

polydimethylsiloxane (PDMS) 283, 402
polydopamine (PDA) 97, 102, 109, 400,

479
poly-3,4-ethylenedioxythiopene/

polystyrene sulfonate
(PEDOT:PSS)

hydrogel, crosslinking process of 354
nanosheets 402
printed fabric 403
printing ink 329

poly(3,4-ethylenedioxythiophene)
(PEDOT) 315, 319

concentration 325
hydrogel 354
MoS2/PEDOT asymmetric

supercapacitor 374
nanoneedles 313, 314
NTs 307

polyethylene glycol (PEG) 167, 433
polyethylene glycol polymer onto

polyaniline (PANI/PEG)
nanofibers 433–435

polyethyleneimine (PEI) 149, 165
polyethylene terephthalate (PET) 283,

403
poly glycidyl methacrylate (PGMA) 469
poly2-hydroxypropylmethacrylamide

(PHPMA) 449
polyion complexes (PIC) 449
poly1-IrOx composite film modified

electrode 356
poly(lactic-co-glycolic acid) 171
poly(L-lactide) (PLLA) 416, 464
polymer composites 255, 323, 356, 447,

448, 449, 455, 456, 458, 460, 461,
463, 465, 466, 475, 481

polymerization-induced self-assembly
(PISA) 450, 463

polymer precursors 448
polymers/metal nanoparticles 469
polymers nanocomposites

application 474–481
emulsion polymerization 456–458
in situ polymerization 466–471

synthesis 448–451
solution mixing 451–456
tailoring 471–474

polymersome pickering emulsion (PPE)
456

polymer sulfonate (PSS) 307, 315
poly-[2-(methacryloyloxy)ethyl phosp-

horylcholine]-b-poly[2-(dimethyla-
mino)ethyl methacrylate]-b-poly-
(2-hydroxypropylmethacrylate)
(PMPC-b-PDMA-bPHPMAz) 471

poly[2-methoxy-5-(2-ethylhexyloxy)-1,
4-phenylenevinylene] (MEH-PPV)
325

poly(methylacrylic acid) (PMAA) 463
poly(N-vinylpyrrolidone) (PVP) 310, 339
polyoxovanadate (POV) 307
poly(phthalazinone ether sulfoneketone)s

(PPESK) 453
poly(p-phenylene) (PPP) 303, 304, 337
poly(p-phenylenevinylene) (PPV) 303,

304, 337
poly(3,4-propylenedioxythiophene)

(PProDOT) 318
polypyrrole coated on nanospherical

platinum (Pt/PPy NSs) composites
424

poly(3,4-propylenedioxythiophene)
(PProDOT) 318, 319

poly(styrene-block-2-vinylpyridine-block-
ethylene oxide) (P(S-b-2VP-b-EO))
456

polystyrene-b-poly(acrylic acid)
(PS-b-PAA) 456

polythiophene polymer (PTPA) 479
polythiophene (PTh) 303, 304, 337, 348,

370, 379, 479
poly(triphenylimidazole) 481
polyvinylidene difluoride (PVDF) 448
polyvinylidene fluoride (PVDF) 315
poly(4-vinylpyridine) 451
polyvinylpyrrolidone (PVP) 149, 190
porous carbon materials 99, 100, 103,

117
porous nanocarbon materials 124
porous N-doped carbon 97, 100, 101, 124
poly(L-lactic acid) (PLLA) 327
positron emission tomography (PET)

technique 168
potassium peroxodisulfate (K2S2O8) 469
potassium persulfate (KPS) 457
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p-phenylenediamine (p-PDA) 369
PPy/ABTS 350
PPy/AQS/RGO composite 354
PPy-based piezoresistive sensors,

electrical conductivity of 401
PPy-based wearable

single-electrode-mode TENG
(PPy-WSEM-TENG) device 405

PPy/carbonaceous nanospheres
(PPy/CNSs) 425

PPy/CNTs-MIPs preparation 432, 433
PPy-coated GdNi4Al intermetallic alloy

catalyst 358
PPy-coated microribbons 422, 423
PPy-functionalized PCL-PTX membrane

fabrication 419
PPy hydrogels 366, 369, 401, 415
PPy/IC materials 350
PPy/IL nanoparticles 356, 357
PPy/MoSx co-polymer film 358, 359
PPyNPs nanocomposite 431
PPy, ZMO anode, for LIBs 345
printed smart electronic skin 405
projected DOS (pDOS) 509
proton exchange membrane (PEM)

electrolysis 4, 108
proton exchange membrane fuel cell

(PEMFC) 57, 108, 123, 124
Pt-based electrocatalysts 44, 75
Pt/C electrocatalyst 93
Pt_cPPyNF sensors 431
Pt [1,8-dihydroxynaphthalene-3,6-

disulfonatoferrate(II)] complex
immobilized PANI/Prussian
blue-laminated catalyst 363

PTh/MWCNT composites 370, 372
Pt nanoparticle (Pt NP)-PANI hydrogel

based glucose sensor 428
PVA-PPy hydrogel, conductivity of 415
pyridine analogue of graphdiyne

(PyN-GDY) 127
pyridinium chlorochromate (PCC) 287

q
quantum yields (QYs) 155, 158, 182, 185,

189, 218, 240, 244

r
radiative energy transfer (RET) 146, 162,

187
radiotherapy (RT) 170

rare earth based DCNPs
LaPO4:Ce3+, Tb3+ 187–189
LnVO4:Ln3+ (Ln = La, Gd, Y; Ln3+ =

Eu3+, Dy3+, Sm3+) 186–187
upconversion material development

142–143
upconversion mechanism

cooperative upconversion 144
cross relaxation 144
energy migration-mediated

upconversion 145
energy transfer upconversion

143–144
excited-state absorption 143
photon avalanche 144

Y2O3:Eu3+ 184–186
Y3Al5O12 :RE (RE = Ce3+,Tb3+)

178–182
rare earth luminescent material 141
rate-determining step (RDS) 6, 45, 50,

506, 514
RbCsMAFA-based perovskite 232
reactive oxygen species (ROS) 168, 190,

426
redox reactions 27, 215–217, 350, 351,

355, 363, 380, 511
reduced graphene oxide (RGO) 12, 87,

107, 354, 407, 460, 467, 503, 518
reduced graphite oxides (rGOs) 63, 127
relative humidity (RH) 124, 255, 257,

311, 404
reverse electrodialysis (RED)-driven

iontophoresis 416
reversible addition-fragmentation chain

transfer (RAFT) 456, 463
reversible hydrogen electrode (RHE) 63,

73, 75, 358
RF sheet resistance 403
roll-to-roll (R2R) 250, 341, 402
rotating magnetic field technique (RMF)

249
rotating ring-disk electrode (RRDE) 83

s
Sabatier principle 6
salicylic acid (SA) 311, 470
scanning electron microscopy (SEM) 47,

88, 152, 211
scanning transmission electron

microscopy (STEM) 52, 152
Schottky barrier height (SBH) 277, 282
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Schottky contact 276, 280, 282, 283, 285
Schottky junction 283, 284
Scotch tape 80, 276
S-doped graphene (SG) 86, 90, 91, 93
second harmonic generation (SHG) 283
selected area electron diffraction (SAED)

51, 151, 213
selenium-doped CNT/graphene

composites (Se-CNT) 106
self-assembly method 100, 186, 187, 207,

305, 309, 311, 312, 319, 320, 343,
407, 409, 447, 449, 461–463, 471

self-healing E-skin 403–405
Shockley–Queisser model 237
Si-doped nanosphere (Si-CNS) 80
Si/graphite/PANI nanocomposites 342,

343
Si/N-co-doped nanotube (SiN-CNT) 80
Si/PPP composites 342
silicon nanoparticles-based LIB anodes

343
silver nanoparticles (Ag NPs) 306
single-atom catalysts (SACs) 8–11, 25–26
single photon emission computed

tomography (SPECT) 168
singlet-state oxygen molecule 513
single-walled CNT 77
single walls carbon nanotubes (SWCNTs)

469
slot-die coating 249, 250
Sn-based perovskites 235–238
S/N-co-doped CNTs (SN-CNTs) 109
sodium bis(2-ethylhexyl) sulfosuccinate

310
sodium dodecyl sulfate (SDS) 309
sodium ion batteries (SIBs) 345

bipolar conducting polymer 345
ClO4-doped PPy coated

Na1+ xMnFe(CN)6 composite
cathode for 345

PPy NWs/CP free-standing anode 346
sol–gel method 141, 147, 150, 178–181,

183, 185
solid-state laser (SSL) 184
solution deposition method 244

blade-coating process 249–250
one-step method 245–247
two-step method 247–249

solution mixing 451–456, 464
solvothermal reactions 118, 181

spherical silver-incorporated conductive
PPy (Ag/PPy) composite 377

spin related electrode reactions 491
battery 518–522
catalytic reactions 517–518
electrochemical system

in aqueous solution 492–495
spin states of electrocatalysts

495–496
electrodeposition of metals or alloys

496–498
hydrogen evolution reaction 498–504
oxygen evolution reaction 504–513
oxygen reduction reaction 513–517

spin states of electrocatalysts 495–496
sp-N-doped few-layer graphdiyne

(sp-NFLGDY) 96, 97
SrAl2O4:Eu2+, Dy3+ 182–184
stimulus-responsive biomaterials 414
sulfonate modified nanoparticle

(SNP)-doped PEDOT composite
421

sulfur-doped carbon nanotubes (SCNTs)
79

sulfur-doped graphene nanoplatelets
(SOGnP) 89

supercapacitors (SC) 363
CP as active material 364–385
MOFs-based 383

Superconducting Quantum Interference
Device (SQUID) 156

surfactant molecules 310
synthetic metals 303

t
Tafel slope 3, 4, 6, 9, 10, 14, 19, 22, 23,

25, 44, 45, 49, 56, 57, 61, 356–358,
361, 506, 510

tailoring, polymers nanocomposites
471–474

TCNTs 114
temperature programmed desorption

(TPD) 54, 105
temperature sensing 256, 257
terephthalic acid (TPA) 208
terpyridine ligand molecule 214
4-tert-butylpyridine (TBP) 249
1,2,4,5-tetracyanobenzene (TCNB) 463
tetra-ethyl orthosilicate (TEOS) 121
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tetrabutylammonium
hexafluorophosphate (TBAHFP)
494

tetrabutylammonium perchlorate 83,
363

tetrafluoroterephthalonitrile (TFP) 463
tetrahydrofuran (THF) 308, 455
5,10,15,20-tetrakis(4-carboxyphenyl)-

porphyrin 210, 213
3D heterostructures 286, 287, 429
3D hierarchical PANI

micro/nanostructure (H-PANI)
supercapacitor electrode material
366, 368

3D macroporous PANI modified electrode
426

3D macroporous sponge 380
3D-nanostructured elastic PPy hydrogel

366
3D–2D homojunction photodetectors

293–294
3D-printed PEDOT PSS fibers 328
thermal decomposition 141, 146–149
thermoplastic (glycolic acid) surgical

sutures 413
thermoplastic vulcanizates (TPV) 464
Ti based oxides/hydroxides 24
tissue reconstruction, high-performance

biomaterials for 409
transition metal-based electrocatalysts

50
transition metal chalcogenides (TMCs)

12
transition metal dichalcogenides (TMDs)

207, 275, 280
transition metal (TM)-LDH

electrocatalysts 50
transition metal nitrides 14
transition metal phosphides (TMPs) 11,

47
transition metal sites (TM) 11
transitional metal sulfides 340
transmission electron microscopy (TEM)

45, 52, 152, 181, 211, 213, 374, 455,
458

transparent conducting hydrogel 400
triarylphosphine (TPP) 103
4,4′,4′′-(1,3,5-triazine-2,4,6-triyl)-

trianiline(TAPT) 103
triboelectric nanogenerator (TENG)

315, 405

triethylenetetramine (TETA) 469
trimethoxysilane propyl methacrylate

475
1,3,5-trimethylbenzene (TMB) 102
triphenylborane (TPB) 77
triphenylphosphine (TPP) 86, 107
1,3,5-tris(4-aminophenyl)benzene (TAPB)

118
tris(4-bromophenyl)amine 118
tumor treatment 190–191
tunable bandgap 238–239, 256
tuning UC emission

chemical composition 156–157
core/shell structures 160
cross-relaxation processes 160
through energy migration 158–159
external stimulus 165
FRET or RETU 162–165
host matrix screening 157–158
interparticle energy transfer 158
size- and shape-induced surface effects

160–162
turnover frequency (TOF) 12, 51, 480
two-dimensional (2D) carbon allotrope

80
2D homojunction photodetector

285–286
2D layered piezoelectric semiconductors

283
(2D) MnOx/PPy nanosheets 347
2D PANI nanosheets 308
2D–2D homojunction photodetectors

289–293

u
UC-based nanothermometer 172
ultracapacitors 363
ultra-high vacuum (UHV) 208
undoped carbon nanomaterials 111

edge as defect 112–114
intrinsic/topological defects 114–117

unidirectional electrical stimulation, cell
414

upconversion (UC) 142
upconversion nanoparticles (UCNPs)

142
activators 145–146
based drug delivery system 169
bioimaging 165–168
composition determination 154–155



546 Index

upconversion nanoparticles (UCNPs)
(contd.)

crystal structure identification
151–152

magnetic properties measurement
156

mediated molecular switches 175–176
optical properties measurement 155
optogenetics 170–171
sensing and detection 171–173
sensing platform 172
size and morphology 152–153
surface moieties 153–154
synthesis

coprecipitation method 149
hydro/solvothermal synthesis 149
microwave-assisted synthesis 150
sol–gel synthesis 150

therapy 168–170

v
VA-BCN nanotubes 78
van de Waals (vdW) interactions 276

heterostructure photodetector 289
vapor-assisted solution process (VASP)

247, 248
V-based oxides/hydroxides 25
Vegard’s law 236
ventral tegmental area (VTA) 171
vertically aligned nitrogen-doped CNTs

(VA-NCNTs) 76, 83
vibrating sample magnetometer (VSM)

156
volatile organic compounds (VOCs) 42,

256
Volmer–Heyrovsky mechanism 6, 10, 45
Vö–V2O5/CP nanocables 380

w
Warburg diffusion resistance, of DSSC

352

water-assisted wedging method, for
PEDOT 404

water splitting to hydrogen and oxygen 1
wearable electronic devices 399–403,

406
wet chemistry method 9

x
X-ray absorption fine structure (XAFS)

59
X-ray absorption near-edge structure

(XANES) 53, 96, 156
X-ray absorption spectroscopy (XAS) 55,

151
X-ray diffraction (XRD) 151, 213,

229–231
X-ray photoelectron spectroscopy (XPS)

53, 82

y
Y2O3:Eu3+ 184–186
Y3Al5O12 :RE (RE = Ce3+,Tb3+) 178–182
YAG nanoparticles 178, 180, 182

z
Ziegler–Natta polymerization method

306
ZIF-67 383

NiCo-LDH nanocages 378
PANI composites 383
PEDOT heterostructure composite

384, 385
ZIF–PPy samples 383
zigzag-edged graphene ribbons 122
zinc–air (Zn–air)

battery 75, 124–130
fuel cell 120–122, 124, 126

ZnO wurtzite crystal 293
Zn-terpyridine nanosheet 217, 218
Zr-doped CeO2 (ZDC) 61


