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Index

a
acetaldehyde (CH3CHO) 207
acetic acid (CH3COOH) 207
activated carbon (AC) 365, 446, 447,

453, 456, 483
alcohol fuel cells 207, 208, 215
alcohol oxidation 217
ammonium peroxy-disulfate (APS) 118
ammonium persulfate (APS) 48, 54
amphiphilic rodcoil block copolymers

57
Anderson-localization 10
Anderson metal-insulator transition 10
aniline 269
anions 19
annular dark field (ADF) detector 168
anodic polarization 467, 474
anti-bacterial coating 96
anti-CO-poisoning 208
apparent quantum yield (AQY) 249
asymmetric electrode configuration

system 377
asymmetric flexible micro super capacitor

(AfMSC) 471
atomic force microscopy (AFM) 67, 173
ATR-FTIR spectroscopy 133
Au/PEDOT nanohybrids 244

b
bacterial cellulose (BC) 474
band structure engineering

electron hole pairs 273
solid-liquid interface 281–283
solid-solid interface

SC-M heterojunction 279–281
SC-SC heterojunctions 274–279

benzonitrile 88

2,1,3-benzothiadiazole-,4,7-bis (boronic
acid pinacol ester) 254

bilayer structure 300
bioactive aqueous gel matrices 51
bio persistent organic molecules 284
bipolaron 447
1,2-bis(trialkylstannyl)ethene 305
Bismuth based oxyhalides 285
2,2’-bithiophene 340
block copolymers (BCPs)

BHJ 305
1,2-bis(trialkylstannyl)ethene 305
cross-linked 303
disadvantages of 303
donor and acceptor segments 302
DPP copolymer 305
extraction electron-layer (EEL) 302
hydrophilic and hydrophobic properties

of 302
lamellar active layer morphology 304
P3HT 304
polythiophene/polyfluorene-based

conjugated polymers 302
3D nanopatterning technology 302

borohydride-peroxide fuel cell 221
boronic acid 269
bulk heterojunction (BHJ) solar cell 301
bulk’ polymerization methods 268

c
C60 301
capacity losses 381
carbon-based photocatalysts 248
carbon cloth (CC) 451
carbon composites 213
carbon materials 376

Conjugated Polymer Nanostructures for Energy Conversion and Storage Applications,
First Edition. Edited by Srabanti Ghosh.
© 2021 WILEY-VCH GmbH. Published 2021 by WILEY-VCH GmbH.

CO
PYRIG

HTED
 M

ATERIA
L



500 Index

carbon nanotubes (CNT) 457, 465
polypyrrole 409–416
polythiophene 432–433

carbon nitride (g–C3N4) 248
carbon nitride (CNx) nanofiber 212
carbons nanotubes (CNT) hybrids 100
carboxyl-group-functionalized ethylene

oxide (PS-PEG-COOH) 249
carboxylic substituent perylene diimide

(P-CMPDI) 249
carrier activation 271
carrier deactivation/relaxation step 271
carrier transfer 271
cationic surfactants 48
cetyltrimethylammonium bromide

(CTAB) 48
charge carriers 6

density 10
charge compensation 22
charge-injection doping 13
charge retention 361
charge trapping 176
C-H/C-C/C-N coupling of monomer units

269
chemical doping techniques 13
chemically converted graphene (CCG)

424
chemical polymerization 448
chitosan-coated glassy carbon (GC)

electrode 223
1-chloronaphthalene (1-CN) 315
chronoamperometry (CA) measurements

213
cis-polyacetylene 4, 8
CNT–PANI composites 223
coat inorganic compounds 385
commercial Pt/C catalysts 221, 222
conducting polymer nanostructures

(CPNs) 85
category 234
chemical structures of 209, 210
conducting polymer hydrogels 64–67
dry spinning 59–60
electrocatalysts support

advantages 209
metal catalysts deposited 211–219

electro-spinning 60–61
material properties and characteristics

43
melt spinning technique 59
mixed solvents technique 64

nanolithography 67
optoelectronic properties of 234
in photocatalysis 234
physicochemical properties of 233
reprecipitation technique 64
seeding approach 61–63
template-based synthesis

hard-template method 44–46
soft-template method 46–53

template-free synthesis
interfacial polymerization (IP)

process 54–57
post-synthetic self-assembly process

57–58
wet spinning process 58
whisker method of polymer synthesis

63–64
conducting polymers (CPs) 85, 97, 466

chain length 146–147
EDOT molecules 119
electrical conductivities 147–148
facile preparation of 117–118
gamma-radiation induced oxidative

polymerization 124–126
gamma-radiation-induced synthesis

126–131
γ-rays and X-rays radiolysis 118
HO-induced EDOT polymerization

120–124
hydrogels 64
optical and electronic band gaps of

147
radiation induced polymerization 120
radiation-induced synthesis 137–141
reduction-polymerization route

134–137
thermal properties 148–149

conduction band (CB) 271
conductive polyaniline/TMV composite

nanowires 52
conjugated D–A block copolymer

(CDABP) 305
conjugated ladder polymers (CLPs) 388,

389
conjugated microporous polymers (CMPs)

279
conjugated polymer actuation 22
conjugated polymer nanocomposites

(CPNCs)
bottom up approach 269
carbon materials 376
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cell system and electrode material
376

charge/discharge cycling 379
CNF nanocomposite 377
CoO and PPy nanostructures 376
CP nanostructures 267
dimensional stability of 374
electrochemical performances 379,

380
enhanced capacitance and cyclic

stability 377
fabricate graphene/PANI nanohybrids

378
graphene materials 378
graphene/PANI nanohybrids 379
inorganic material nanocomposite

electrodes 377
inorganic semiconductor 268
metal based nanocomposites of CP

268
metal compounds 376
microstructural deformation 375
MOF 376
NiCo2O4 nanorod arrays 375
non-metallic nanocomposites of CP

268
PANI shell 375
photocatalysis

band structure engineering
273–283

challenges 272–273
fundamental principles 271–272
hydrogen generation application

287
NO removal 289
water remediation 284

potential pseudocapacitive materials
374

template assisted method 270
template free method 270–271
top down method 269–270

conjugated polymer nanostructures
(CPNs)

absorption and emission 27–30
atomic force microscopy (AFM)

173–176
band gap of 23–27
charge carrier transport models 9–13
coherent exciton diffusion and energy

transfer 30–33
conductive mechanism

doping and band structure evolution
5–9

inherent molecular structure 4–5
cryo-TEM 163–166
ECs 360
electrical conductivity of 359
electrochemical characterization 181
electrochemical properties

reversible oxidation/reduction
process and charge storage
behavior 16–20

swelling and de-swelling behavior
20–22

electrochromism 22–23
field emission scanning electron

microscopy 172–173
Fourier transform infrared (FTIR)

spectra 160, 190
higher conductivities 33
inorganic or nanocarbon species 360
Kelvin Probe Force Microscopy (KPFM)

176
LIBs 360

electrode materials 382–384
heterocyclic 386–381
protective/network layers 384–386

nanotomography 194
nuclear magnetic resonance

spectroscopy 191
organic light-emitting diodes (OLEDs)

160
π-conjugation systems 160
quantum size effect 160
Scanning Kelvin Probe Microscopy

(SKPM) 176
scanning transmission electron

microscopy (STEM) 166–170
scanning tunnelling microscopy

170–172
surface area and smaller dimensions

33
temperature dependence 13–16
thermogravimetric analysis (TGA)

194
transmission electron microscopy

(TEM) 161–163
UV-vis and photoluminescence

spectroscopy 185
X-ray diffraction (XRD) analysis 193
X-ray photoelectron spectroscopy (XPS)

178
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conjugated polymers (CPs) 209, 267,
318, 401

based electrode materials 405–407
chemical structures 402
polyaniline 402–403

dopant size in nanostructure 420
graphene and CNT 423–426
nano-architectures of 416, 420
nanostructure 420–423

polypyrrole 402
graphene and CNT 409–411,

414–415
nano-architectures of 407–408
nanostructures, electrode materials

408–410
polythiophene 403–405

graphene and CNT 432–433
nano-architectures of 430
nanostructure 430

conventional capacitors 360
conventional fuel cell 208
conventional metals 15
conventional semiconductors 6
copper phthalocyanine 300
coulombic efficiency 361
Coulomb interaction 25
Coulomb interactions link 298
counter-electrode (CE) 448
covalent-organic frameworks (COFs)

372
CPs-BT 254, 255
cross-coupling 269
Cryo-electron tomography (cryo-ET)

166
current density 361
cyclic voltammetry (CV) 17, 181, 217,

363, 364, 448, 456, 467, 473
cyclic voltammograms 18, 216

d
de-doping process 16
delocalized π-bond 4
density functional theory (DFT) 120
deposition procedure 124
2,6-diaminoanthraquinone 372
dication (DC) 447
dichloromethane (DCM) 88, 142
2,4-dichlorophenol 284
diketopyrrolopyrrole (DPP) copolymer

305
diphenylbutadiyne (DPB) 236

dip-pen nanolithography (DPN) 67
direct alcohol fuel cells (DAFCs) 207
direct ethanol fuel cell 207
direct methanol fuel cells (DMFCs) 207,

212
conjugated thiophene polymers 307
junctions 254

1,3-diyne-linked conjugated microporous
polymer nanosheets (CMPNs)
248

dodeyltrimethylammonium bromide
(DTAB) 48

donor-acceptor (D-A) 288
doped conjugated polymers 11, 367
doping 366
doping and de-doping processes 17
doping conjugated polymers 14
doping/de-doping 13, 181
doping ions 17
double layer nanotubes (DLNTs) 470
dry spinning 59

e
EDOT monomers, pH effects 132
ejection process 96
ejection test method (ETM) 94
electrical double-layer capacitor (EDLC)

360, 362, 365, 366, 445, 449
electrochemical actuation 20
electrochemical capacitors (ECs)

advantages and disadvantages of 362
charge retention 361
CV and GCD measurement 363–364
EDLCs 365–366
electric energy storage mechanism of

362
energy density 363
history of 362
hybrid capacitors 365
power density 363, 364
power density and energy density 360
pseudocapacitive

conjugated polymer nanocomposites
374

conventional heterocyclic 366
MCP 372

pseudocapacitor 360, 365
specific capacitance 363
symmetrical two-electrode cell 363
symmetric and asymmetric structures

362, 363
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three-electrode cell 363
electrochemical doping techniques 13
electrochemical double layer capacitor

(EDLC) 405
electrochemical impedance spectroscopy

(EIS) 183, 242
electrochemically active surface area

(ECSA) 213, 216, 221, 222
electrochemical polymerization 268,

269, 448, 450, 467, 468, 471, 473
electrochemical process 18
electrochemical synthesis 44, 448
electrochemo-mechanical actuation 21
electrochromism 22
electrohydrodynamic lithography (EHL)

70
electrolytic capacitor or EDLC 362
electron donor–acceptor materials 30
electron-hole pair 298
electronic conducting polymers (ECP)

445–447
electrochemical storage properties

448–449
with entangled CNT composites

458–459
morphology and nanostructuration of

449–453
synthesis 447–448
with vertically aligned CNT composites

460–465
electro-oxidation process 17
electropolymerization

advantages 338
approach 90
poly(carbazole) 342–343
poly(thiophenes) 338–342
poly(triphenylamine) 343–344

electropolymerization method 450, 452,
458, 460, 465, 473, 478, 481

electro-polymerization reaction 17
electropolymerized poly(terthiophenes)

339
electrospinning 60, 96
electrostatic forces 97
emulsion-based RIR-MAPLE vaporation

318
energy conversion efficiency (ECE) 338
energy density 360
energy-dispersive spectroscopy (EDS)

169
energy-dispersive X-ray (EDX) 133, 452

energy storage devices (ESDs) 359
coulombic efficiency 361
energy density and power density

360–361
Faradaic 361

energy transfer 32
ene-yne polymer chains 235
environmental remediation technology

233
equivalent circuit (EC) mode 183
ethanol oxidation reaction (EOR) 207,

220
3,4-ethylenedioxythiophene (EDOT)

50, 57, 124, 269
exciton 271, 298
external quantum efficiency (EQE) 325
extraction electron-layer (EEL) 302
extrinsic semiconducting materials 273

f
fabricating polymer nanostructures

template methods
microemulsion 332–337
miniemulsion 321–332
PBT layer 317
PCBM in BHJ solar cells 317
poly(2,2’-bithiophene) polymer

317
RIR-MAPLE 318–320

fabrication of conjugated polymers 370
Faradaic capacitance 449, 482
Faradaic capacitors 360
Faradaic charge transfer 478
Faradaic processes 445
Faradaic redox process 376
fast Faradaic charge 445
femtosecond pumpoendash probe

spectroscopy 189
Femtosecond spectroscopy 189
Fermi energy level 273
FESEM 420, 426
fluorescence 29
formaldehyde (HCHO) 207
formate (HCOO−) 207
formic acid (HCOOH) 207
Förster resonance energy transfer (FRET)

240
Fourier Transform-Infrared Spectroscopy

(FTIR) 190
free-standing method 385
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Frenkel excitons 234
Frenkel type 298
fuel cells

DEFCs 207
DMFCs 207
electrodes 208
primary components of 207

g
Gaf unit 29
galvanostatic 448
galvanostatic charge 448, 449, 476, 480
galvanostatic charge-discharge (GCD)

363, 364, 406
galvanostatic electrosynthesis 463
galvanostatic mode 481
galvanostatic square wave method 211
glassy carbon electrode (GCE) 211
glycerol 220
goldoendash polyaniline (Auoendash

PANI) nanocomposite 218
gold-loaded graphene oxide/PDPB

(polymer
poly(diphenylbutadiyne))
(Au-GO/PDPB) 241

γ-radiolysis 128
graphene

nanocomposites 465, 482
polyaniline 466–471
polypyrrole 471–478
thiophene-based polymers 478–482

graphene composites 466
graphene oxides 223
graphene quantum dots (GQDs) 425
graphene sheets 468, 474
graphitic carbon nitride 224
gravimetric energy density 360
Grignard metathesis (GRIM)

polymerization 302
ground-state polymer 7
ground-state polymers 7
Gr-PPy 415

h
hard template assisted synthesis of CPNCs

270
hard-template method 44
hard template methods 85
Heckoendash Mizoroki coupling 305
helical hexaazatrinaphthylene nanowires

57

heterocyclic conjugated polymer
nanostructures

EC
characteristics of 367
doped conjugated polymers 367
3D porous PPy hydrogel 370
hydrogel-based PANI nanofibers

372
PANI 368
poly(3,4-ethyelenedioxythiophene)

(PEDOT) 368
PPy 368
PPy nanospheres 370–371
surface-to-volume ratios 370
type I (PPy/PPy) 367
type II (PPy/pMeT) 367–368
type III (pDTT/ pDTT) 367

LIBs
advantage 388
anode and cathode electrode

applications 389
CLP 388–389
MCPs for 389
NTCDA 388

heterogenization 272
heterojunction of CPNCs 272
hexaazatrinaphthalene MCP (HATN)

389
hexadecyl trimethyl ammonium

bromide(CTAB) 49
3-hexylthiphene (3HT) 141
H2 generation 248
high-angle annular dark field (HAADF)

detector 168
highest occupied molecular orbitals

(HOMO) 4, 239, 271, 367
highly oriented pyrolytic graphite

(HOPG) 178
homocoupling 269
hot electrons 280, 281
HRTEM 413
Hummer’s method 473
hybrid capacitors 365
hydrogen evolution reaction (HER) 249
hydrogen generation application 287
hydrogen/hydrogen-rich fuels 207
hydrous molybdenum oxide 221

i
ICBA core fractional composition 325
I-I type heterojunctions 278
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incident photon-to-current conversion
efficiency (IPCE) 343

industrial production 284
inglet fission-triplet energy transfer 32
inorganic semiconductor materials 233
in-situ doping 13
in-situ oxidative polymerization 474
in situ polymerization 269
interchain band gap 25
interchains 27
interfacial polymerization (IP) process

54
intermolecular interactions 234
intrachains 27
intrinsic semiconducting materials 273

k
Kelvin probe force microscopy (KPFM)

176
Koutecky–Levich and Tafel analysis 224

l
laser etching technique 479
leucoemeraldine 403
LiFePO4 386
linear sweep voltammetry (LSV) 181
liquid fuels 207
lithium-ion batteries (LIBs)

advantages and disadvantages of 362
capacity 361
charge/discharge cycles of 381
charge retention 361
charging and discharging 381
charging process 379
components 379
conjugated polymer nanostructures

electrode materials 382–384
heterocyclic 386–391
protective/network layers 384–386

coulombic efficiency of 361
power density and energy density 360
pseudocapacitor 360
types of 381–382
working principles of 379–380

lithium nickel cobalt aluminum oxide
381

localization 9
lowest unoccupied molecular orbitals

(LUMO) 4, 239, 271, 367
LUMO of the acceptor (LUMOA) 299
LUMO of the donor (LUMOD) 299

m
MEH-PPV

(pol[2-methoxy-5-(2-ethylhexyloxy)
-1,4-phenylenevinylene])
nanoparticles 325

melt spinning technique 59
metal catalysts deposited

CPN
carbon nanotubes (CNTs) 221, 222
graphene 221
pd nanoparticles 217, 218
Pd nanostructures 212–215
platinum nanoparticles 211–212,

216, 217, 220
Pt nanostructures 215
Pt NPs 220–223
V2Se9 NSs/NF 219

metal chalcogenides 284
metal/semiconductor heterojunctions

281
methanol oxidation reaction (MOR)

211, 212
2-methoxyaniline 269
microemulsion 332
microemulsion polymerization 46
microporous conjugated polymers (MCPs)

372, 389–391
microsupercapacitor 471
miniemulsion

active layers deposited 325
aqueous dispersions 332
BHJ layer 321
conjugated semiconducting polymers

321
definition 321
different particle formulation

procedure 329
Landfester’s group 329
PCBM 331
polymer nanoparticles 321
PS (polystyrene) 324
semiconducting polymer 321
stirring and ultrasonication 322
surfactant content 329
xylene/chloroform 324

miniemulsion method 309
mixed solvents technique 64
monohydrogenophosphate 90
Mott-Schottky (M-S) analysis 183
Mott’s law 15
Mott-Wannier 298
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multi-electron redox processes 18
multi-walled carbon nanotubes

(MWCNTs) 223, 411, 457–459,
463

PANI 424
PPy 411, 413

n
nanocomposites (NCs) 267

carbon nanotubes 457–465
graphene 465–482

nanocube assemblies (NCAMs) 212
nanoimprint lithography (NIL) technique

69
nanolithography technique

dip-pen nanolithography (DPN)
67–69

nanoimprint lithography (NIL)
technique 69–71

nanostructured conductive polymers
234

nanostructured electrocatalysts 209
nanostructured polymer surface 96
nanotomography 194
nanowire arrays 173
3,4-naphtalenedioxythiophene

(NaphDOT) 91
1,4,5,8-naphthalenetetracarboylic

dianhydride (NTCDA) 388
N-doped graphene (NG) 477
negative doping 446
neutral soliton 7
nitrobenzene 88
nitrogen-doped carbon fiber cloth (NCFC)

379
N-methyl-2-pyrrolidone (NMP) 379
non-acidic anions 90
nondegenerate ground-state polymers 6
non-Faradaic charge storage mechanism

361
non-Faradaic phenomena 360
non-Faradaic reactions 385
non-noble metals 268
non-p-n junction-based heterojunctions

276
non-redox doping 13
normal hydrogen electrode (NHE) 287
n-type doping 7
n-type semiconducting materials 273
n-type semiconductors 280

nuclear magnetic resonance spectroscopy
191

nucleporepolycarbonate membranes 45

o
o-dichlorobenzene (o-DCB) 329
one-dimensional conjugated polymer

films 32
one-dimensional (1D) nanostructures

211
1D P3HT nanowires (NWs) 163
optical band gap 25
organic light-emitting diodes (OLEDs)

160
organic/metal-semiconductor interfaces

300
organic photovoltaics (OPV)

absorption of photons and creation of
exciton 297, 298

BHJ solar cell 301
bilayer structure 300–301
block copolymers (BCPs) 301–305
diffusion of excitons 297–298
dissociation of excitons 297, 299
fabricating polymer nanostructures

316
organic semiconductor materials 297
PNF 311–316
PNP 309–311
PNWs 305–309
Schottky cell 300
transport and extraction of carriers,

electrodes 297, 299
organic pollutant degradation 254
organic semiconducting materials 273
overoxidation 19
oxidation process 6, 20
oxidation/reduction processes 6
oxidative polymerization 448, 453, 469,

471
oxygen reduction reaction (ORR) 208,

217

p
palladium oxide (PdO) monolayer 216
palladium/polypyrrole (Pd/PPy) 217
PANI coreoendash shell nanospheres

251
PANI nanofibres (PANI NFs) 212
PANI-PAMA-Pt-RuO2 222
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PANI-poly(acrylic acid-co-maleic acid)
(PAMA) film 222

P3AT nanorods 57
π-conjugated molecular structures 234
π-conjugated polymer nanowires (PNWs)

305
π-conjugated system 6
Pd metal-based complexes 269
Pd nanoparticle (NP)-based multimetallic

alloys 180
p-doping 7, 21
Pd-polyaniline nanocomposite 269, 270
Pd polymer nanocomposites 212
PEDOT–MWCNTs 223
PEDOT NSs/NF 219
PEDOT–poly(styrene sulfonic acid) (PSS)

220
perchloric acid 317
perfluorooctane sulfonic acid 56
3,4,9,10-perylene-tetracarboxylic-

dianhydride (PTCDA) 339
PF6-doped

poly(3,4-ethylenedioxythiophene)
(PEDOT) 16

PF11112 particles 324
phenyl-C61-butyric acid methyl ester

(PCBM) 329, 334
1,4-phenylenediboronic acid 254
3,4-phenylenedioxythiophene (PheDOT)

90
phosphate buffer solution (PBS) 90
phosphorescence 29
phosphoric acid substituted perylene

diimide (P-PMPDI) 248
photocatalysis

carbon dioxide reduction 235
CPNCs 267
environmental protection

Ag/g-C3N4 246
Au/PEDOT nanohybrids 244
carbon nanostructures 235
organic pollutant removal 235
PANI 245
PANI/Ag/Ag3PO4 composites 246
PDPB 240
PDPB-ZnO 240–243
phenol 239
P3HT nanoparticles 245
P3HT nanostructures 239
plasmonic nanocrystals 243

poly-(diphenylbutadiyne) (PDPB)
nanofibers 235–236

PPy-NS-c nanostructures 238
Rhodamine B 239

H2 generation 235, 248–256
organic pollutant degradation 254
pollutant degradation 235–247
water splitting 235, 248

photocatalytic degradation 284
photocatalytic hydrogen evolution

reaction (PHER) 287, 288
photocatalytic water-splitting reaction

233
photodoping 13
photoexcitation 271
photo-generated charge carriers 246
photo-generated excitons 243
photo-induced force microscopy (PiFM)

technique 178
photoluminescence 29
photo-physicochemical treatment 284
photovoltaics 32
P3HT monolayer nanowhiskers 63
planarity 26
plasma polymerization 103
plasmonic metal-based CPNCs 286
plasmonic metal-CP nanocomposites

281
platinum-gold (Pt-Au) NPs

electrocatalysts 223
platinum nanoparticles (Pt/PPy-C) 221
PN heterojunction 300
p-n junction-based heterojunctions 274
polaron 447
polaron/bipolaron ratio 6
pollutant removal 233
poly(2,2’-bithiophene) (PBT) 317, 340
poly(3,4-ethylenedioxythiophene)

(PEDOT) 209–211, 219, 224, 234,
237, 238, 340

poly(3-(4-fluorophenyl)thiophene)
(PFPT) 367

poly (3-alkyl thiophene) (P3AT) 301,
403

poly(3-hexylthiophene) (P3HT) 104,
239, 304

poly(3-octyl thiophene) (P3OT) 100
poly(9,9-dioctylfluorene-co-

benzothiadiazole (F8BT) 325
poly(acrylic acid) (PAA) 100
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Poly(benzobisimidazobenzophenanthroline)
(BBL) 388

poly(benzoxadiazole) (B-BO3) 279
poly(carbazole) 342
poly(N-acetylaniline) 211
poly(n-butyl acrylate) (poly(nBA)) 302
poly(o-phenylenediamine) (POPD) 209,

210
poly(p-phenylene) (PPP) 288
poly(styrenesulfonate) (PSS) 98
poly(terthiophenes) 338
poly(thieno[3,4-b]-thiophene-co-

benzodithiophene) (PTB7) 334
poly(thiophenes) 338
poly(triphenylamine) 343
poly (3,4-ethylenedioxythiophene) 450
polyacetylene 6
polyacetylene layer 300
Polyamide 6 Nanofibers 214
polyaniline (PANI) 209–211, 402, 403,

450, 455, 456
electrochemical properties 428
graphene 466–471
graphene and CNT 423–426
nano-architectures of 416–420
nanofiber 212
nanostructure 420–423
nanotubes 55

polyaniline–poly(styrene sulfonic acid)
(PSS) 220

poly(3-hexylthiophene) (P3HT) assemblie
164

polyazazaacence
(poly(1,6-dihydropyrazino[2,3g]
quinoxaline-2,3,8-triyl-7-(2H)-
ylidene-7,8-dimethylidene) (PQL)
388

poly(3-hexylthiophene)-block-poly(3-(2-
ethylhexyl)thiophene) 302

poly(butylthiophene)-block-poly
(octylthiophene) 302

poly(4-vinyltriphenylamine)-block-poly(3-
hexylthiophene)-block-poly(4-
vinyltriphenylamine) 302

poly(NVTri) blocks 302
poly(3-hexylthiophene) (P3HT) chains

163
poly [(9,90-dioctylfluoreny-2,7-diyl)-co-

(1,4-benzo-(2,10 ,3) thiadiazole)]
(PFODTBT) 249

poly[(9,9’-dioctylfluorenyl-2,7-diyl)-co-(1,
4-benzo-thiadiazole)] (PFBT)
249

poly-(diphenylbutadiyne) (PDPB) 50,
235, 236, 241

poly (o-phenylenediamine) electrode
211, 212, 241

polyethylenedioxythiophene (PEDOT)
220, 456, 457

poly(N-phenyl-1-naphthylamine) film
18

poly(3,4-ethylenedioxythiophene)
(PEDOT) films 87

poly[(9H-carbazole-2,7-diyl)-1,4-
phenylene] 248

poly-3-hexylthiophene (P3HT) 245
polyindole nanowires 53
polymer composites 267
polymer dots (Pdots) 249
polymer electrolyte membrane fuel cells

(PEMFCs) 220
polymer graphene composites 466
polymer matrix 21
polymer nanofibers (PNF) 311
polymer nanoparticles (PNPs) 309
polymer nanowires (PNWs)

AFM image of 305
donoroendash acceptor conjugated

thiophene polymers 307
electronic properties of 305
formation of 305
P3HT 307, 308
poly(3-butylthiophene) 306
P4TNTz-2F 307

polymer/polymer surface heterojunction
catalyst 253

polymer-supported metal nanoparticles
219

poly[2-methoxy-5-(2-ethylhexyloxy)-1 4
phenylenevinylene] (MEH-PPV),
173

poly[2-methoxy-5-(2’-ethylhexyloxy)-p-
phenylenevinylene] (MEH-PPV)
300

poly-3-methyl thiophene (PMT) 88,
209, 210

poly(diphenylbutadiyne) (PDPB)
nanofibers 187

poly(3,4-ethylenedioxythiophene)
nanosheet array 218
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poly (3-methylthiophene) nanotubes
430

poly(3-hexylthiophene) nanowhiskers
63

poly[9-(1’-(octylnonyl)-9H-carbazole-2,7-
diyl]-2,5-thiophenediyl-2,1,3-
benzothiadiazole-4,7-diyl-2,5-
thiophene-diyl 329

poly(3,4-ethylenedioxythiophene)-poly
(styrene sulfonic acid)
(PEDOT-PSS) film 221

poly(2,2’-bithiophene) polymer 317
poly(3,4-ethylenedioxythiophene)

polymer 223
poly(p-phenylene), polythiophene 367
poly(o-phenylenediamine)-Ptoendash Ru

nanocomposite 215
polypyrene films 94
polypyrrole (PPy) 8, 161, 209, 210, 402,

450, 454, 458
electrochemical properties 417
graphene 471–478
graphene and CNT 409–416
nano-architectures of 407–408
nanostructures, electrode materials

408–410
polypyrrole-carbon (PPy-C) composites

221
Polypyrrole hollow nanospheres 47
polypyrrole nanowires 90
poly(Ani-co-MAni)-RSBLPC composite

220
poly(p-phenylenevinylene)s (PPVs) 29
polystyrene (PS) 249
polystyrene grafting 249
polythiophene (PTh) 7, 403, 405

electrochemical properties 434
graphene and CNT 432–433
nano-architectures of 430
nanostructure 430

polythiophene/CNT composites
(PTh-CNTs) 223

polythiophene/polyfluorene-based
conjugated polymers 302

polyvinylpyrolidone (PVP) 451
porous carbon nanocomposites 453–457
porous 3-(4-cyanophenyl)thiophene

(PCNPT) 367
porous inorganic materials 334
positive doping 446, 447
post-synthetic self-assembly process 57

potentiodynamic polymerization 448,
460

potentiostatic polymerization 448, 461
power conversion efficiency (PCE) 301
power density 360
PPy nanowire electroprocess 92
PPy-NS-c nanostructures 238
pristine conjugated polymers 366
1, 2-propanediol 220
1, 3-propanediol 220
propanol 220
propylene carbonate 88
proton (perfluorosulfonic acid, PFSA)

220
proton exchange membrane fuel cells

(PEMFC) 207, 208
protons 19
PS (polystyrene) 324
pseudocapacitive

conventional heterocyclic CPNs
366–372

microporous conjugated polymers
372–374

pseudocapacitors 360, 365
pseudo-supercapacitance 445
Pt-based catalysts 208
Pt catalysts (Pt/C) 220
Pt/CeO2 HNRAs 221, 222
Pt/CeO2/PANI THNRAs 221, 222
Pt/PANI HNRAs 221, 222
p-type doping 7, 367
p-type semiconducting materials 280
p-type semiconductors 273
pulsed chronoamperometry 450, 451,

459
pulsed chronopotentiometry 450, 451
pulsed electrodeposition 459
pulsed electron beam irradiation 124
pulsed galvanostatic 461, 464
pulverization 17
pump–dump–probe 189
pump–push–probe 189
pyrene-based polymer (PyP) 253
pyrrole 90

q
quantum confinement 26
quantum yield (QY) 187
quartz crystal microbalance (QCM)

sensor 99
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r
radiation-based methodology 135
radiation-induced doping 13
radical-cation (RC) 447
radical polymerization 269
radiosynthesized PPy polymers 150
Raman enhancement 244
real-time microradiography 90
recombination mechanism 32
redox polymerization techniques 269
redox reactions 18, 446
reference electrode (RE) 448
regioregular poly(3-hexylthiophene)

(rr-P3HT) 302
renewable energy 359
reprecipitation technique 64
resonant infrared matrix-assisted pulsed

laser evaporation (RIR-MAPLE)
317

reverse micro-emulsion polymerization
117

reversible redox processes 22
RGO/PANI/NCFC nanocomposite

electrode 379
rice straw black liquor based porous

carbon (RSBLPC) 220
rotating ring disc electrode voltammetry

(RRDE) 217
ruthenium oxide (RuO2) 222

s
sandwich-structured nanotube array

(SNTA) 215
scanning Kelvin probe microscopy

(SKPM) 176
scanning near filed optical microscopy

(SNOM) 325
scanning transmission electron

microscopy (STEM) 166
scanning tunnelling microscopy 170
Schottky barrier 279, 280
Schottky junction 300
Schottky-type solar cell 300
seeding approach 61
self-assembly 55, 56
self-assembly of regioregular poly

(3-hexylthiophene) (P3HT) fibers
178

self-discharge 361
Self-doping approach 118
self-made fitting programs 183

semiconducting materials 273
semiconductor-metal (SC-M)

heterojunction 279
semiconductor photocatalysis 233
semiconductor-semiconductor (SC-SC)

heterojunctions
non-p-n junction-based heterojunctions

276–278
p-n junction-based heterojunctions

274–276
type I (straddling gap) 274
type II (staggered gap) 274
type III (broken gap) 274
Z-scheme type 278–279

simplified template-free method (STFM)
56

single-triplet energy transfer 32
single-walled carbon nanotubes

(SWCNTs) 377, 411, 457
PANI 424
PPy 414

small organic molecules 207
sodium dodecyl sulfate (SDS) 332
soft template assisted synthesis of CPNCs

270
soft-template methods 46, 85
solar cell configuration 301
solar energy 233
solar inks 317
solid-liquid interface 281
Spectrokinetic analysis 120
square wave voltammetry (SWV)

techniques 181
staircase potentio electrochemical

impedance spectroscopy (SPEIS)
183

stannylated derivatives 269
steady-state radiolysis 122
step-by-step mechanism 121
Stille coupling reactions 269
sulfonated graphene (SG) 471
supercapacitors 401, 405, 474
surface enhanced Raman scattering effect

194
surface plasmon resonance (SPR) effect

252, 280
surface potential (SPs) 178
surface recombination 272
Suzuki coupling reactions 269, 279
Suzuki cross-coupling polycondensation

reaction 254
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Suzuki–Miyaura cross-coupling
polymerization 249

synthetic metal 446

t
TAT-MCP-2 374
temperature dependence 13
template assisted method 270
template free methods 85, 270
template-free synthesis

electrochemical polymerization
acid and neutral pH 89
“bottom-up” approach 86
gas bubbles 90
of indole 89
mechanism of 87
poly(3,4-ethylenedioxythiophene)

(PEDOT) films 87
polypyrene surfaces 93
π-π stacking interactions 92
PPy nanowire electroprocess 92
of pyrrole 90
superhydrophobic and

parahydrophobic behavior 94
electrospinning 96–100
plasma polymerization 103–105
vapor phase polymerization 100–103

templateless electropolymerization
process 90

tetracarboxylic perylene derivative
300

thermal annealing 332
thermogravimetric analysis (TGA) 148,

194
thienothiophene derivatives 91
thienothiophene monomers 91
thiophene (Th) 223
thiophene-based surfactant

2-(3-thienyl)ethyloxybutylsulfonate
sodium salt (TEBS) 332

thiophene derivative 478
2,5-thiophenediboronic acid 254
thiophene polymer graphene 478,

482
3D graphene hydrogel (3DGH) 468
3D nanopatterning technology 302
three-layered hollow nanorod arrays

(THNRAs) 221
tin oxide (ITO) substrates 317
top down method 269

transmission electron microscopy (TEM)
57, 161

1,3,5-triethynylbenzene (TEB) 248
1,3,5-triformylphloroglucinol 372
triphenylamine 343
triphenylethylene polymer poly(TPCz)

342
triquinoxalinylene unit 389
1,3,5-tris-(4-ethynylphenyl)-benzene

(TEPB) 248
2,4,6-tris(4-bromophenyl)-1,3,5-triazine

(TBPT-Br) 254

u
ultracapacitors 401
ultra-high vacuum (UHV) conditions

170
ultrasonic emulsification 317
UV-vis absorption spectrum 122

v
valence band (VB) 271
Van der Waals forces 54
vapor deposition polymerization

technique 377
vapor-phase deposition (VDP) technique

403
vapor phase polymerization (VPP) 118,

451
vertically aligned carbon nanotubes

(VACNTs) 457, 460
volatile organic compounds (VOCs) 98
volumetric power density 360
V2O5 NSs/NF 218
Vulcan XC-72 and PANI-doped

trifluoromethane sulfonic acid
220

Vulcan XC-72 carbon black 208

w
water remediation

inorganic semiconductor based CP
nanocomposites 284–285

plasmonic 286
polymer-based nanocomposites

286–287
water splitting 248
Weinberger’s work 300
wet spinning process 58
working electrode (WE) 448, 474



512 Index

x
X-ray diffraction (XRD) analysis 193,

452
X-ray irradiation 99
X-ray photoelectron spectroscopy (XPS)

178

z
zeolitic imidazolate framework and

conductive PPy nanotubes
(ZIF-PPy) 376

ZnO nanoparticles (NPs) 187
Z-scheme photocatalysts 279


