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AB-type Diels–Alder polymerization 206,
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A2B2-type Suzuki polymerization
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all-conjugated block copolymers 116
alternating copolymer synthesis 117
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tris(4-bromophenyl)ammoniumyl
hexachloroantimonate (BAHA)

base-induced cyclodehydrogenation 192,
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batch-by-batch process 159
batch processing and flow chemistry 159,
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B-containing nanographene molecule
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B-doped GNR on Au(111) surface 214
benzothiadiazole (BT) 19

benzothiophene-fused HBC 201
𝛽-branching problem 138
BFI-based acceptor materials 31
Bingel reaction 175
biphenylene-based molecule 198
2-2′-bithiophene 138
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catalyst transfer polycondensation
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grafting-from method 114
grafting-to method 112
sequential monomer addition method
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Kumada catalyst transfer
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bottom-up approach 255
bottom-up GNR synthesis 205
branched and cross-linked

poly(3-hexylthiophene) 138, 140

c
Campos’ polydiphenyldiacetylene (PDPDA)

formation 263
carbomers 286
carbon nanomaterials see also direct C–H

arylation
bottom-up strategy 230
top-down methods 229

carbon structures, TEM images 256
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chemical structures of 257
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cascade Suzuki–Heck polycondensation
reaction 79

catalyst transfer polycondensation (CTP)
alternating copolymer synthesis 117
bidirectional and unidirectional growth

99
block copolymers
end-functional polymer
copolymerization method 113

grafting-from method 114
grafting-to method 112
sequential monomer addition method
114

chain-growth polymerization 104, 106
end-capping polymerizations 111
vs. living polymerization 97
Pd(RuPhos) protocol mechanism 104,

105
PT synthesis 97
random copolymer synthesis 117
reaction mechanism 98
Suzuki-Miyaura coupling reactions 102

catalytically active palladium(0) complexes
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chain growth polymerization mechanism
170

chlorination reagent 189
[8]circulene structures 198
Carothers equation 132
conjugated alternating copolymers,

structural defects in 141
conjugated-non-conjugated block

copolymers 116
conjugated polymers 131
defect-free 142
heterobifunctional 112
synthesis 162, 163
thiophene-based 38, 40

continuous flow processing
advantage 159, 161, 162
description 159
PBDTTPD synthesis 166
synthetic methodology 159

contorted hexabenzocoronene synthesis
232

controlled polymerization see catalyst
transfer polycondensation (CTP)

corannulene 285
Couette–Taylor flow reactor, GO

preparation 176
CPDT-BT polymer 22
cross-coupling reactions, selectivity of

132
C3 symmetrical nanographene molecule

188
CTP see catalyst transfer polycondensation

(CTP)
CuI additive 11
cumulenes
chemical structures of 257
thermal dimerization of 278, 279

cyano-functionalized diaryltetracenes
275, 277

cyclodehydrohalogenation (CDH) reaction
chlorine atom 238
complex PAH synthesis 240, 241
dibenzo[fg,op]naphtacene 238, 240
heterocycles-fused molecules 241

cyclododecaphenylene 77, 78

d
dendritic molecular battery 276
3,3′-diaryl-1,1′-bis(isobenzofuran)

synthesis 243
dibenzo[a,e]pentalene (DBP) structures

274
dibenzotetrathienocoronenes 232
Diels–Alder addition 175
diketopyrrolopyrrole (DPP) monomer 32
direct (hetero)arylation polymerization

(DHAP) 136, 137
arenes and heteroarenes coupling 143,

146
defect-free conjugated polymers 142
homocoupling side reactions 141, 145
2-iodo-3-alkylthiophenes 134
P3HT synthesis, screening for 141,

143
polymer applications 147–149
3,4-propylenedioxythiophenes 134
regioregular poly(3-hexylthiophene)

134, 135
selectivity and reactivity problem 138
sources of defects 147
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thiophene-based organic materials 132,
133

direct borylation reaction 77
direct C–H arylation 230
corannulene and sumanene synthesis

247, 248
dibenzo[a, g]corannulene synthesis

244, 245
indeno[1,2,3]-annelated PAHs 245, 246
indenopyrene synthesis 245, 247
of low 𝜋-sextets PAH synthesis 250
for nanographene and PAH synthesis

243
pentaindenocorannulene synthesis 245,

248
picene derivatives 244, 245
tetraindenocorannulene synthesis 245,

248
diyne macrocycles 265
diyne polymerization 261–264
donor polymers 17–23
droplet-based microreactor system, for

P3HT synthesis 170
droplet reactor, schematic representation

172
DTABT-IDT 27
DTBT-IDT 27
dynemicin A 45

e
end-capping polymerizations
drawbacks 111
Ni-catalyzed 111–112
Pd-catalyzed 112
procedure 111

end-functional polymer copolymerization
method 113

end-functional polymer coupling method
see grafting-to method

ester-terminated hexaynes 281

f
flow forces 177, 178
fluoro substituted PPVs 14, 16
Fowler’s supramolecular host-guest

approach 268
Frauenrath’s substituted

octa-2,4,6-triyne-1,8-diol

derivatives, X-ray analysis of 268,
269

functional polymers 1, 12
fused perylenediimide molecules 235
fused perylenediimide synthesis 232, 236,

237

g
gas phase process, SWCNT synthesis 176
gelation 170, 263
glucose endcapped polyynes 258
glycosylated hexaynes 280, 281
GNR see graphene nanoribbon (GNR)
Goroff’s supramolecular approach, to PIDA

formation 263
grafting-from method 114
grafting-to method 112
gram-scale synthesis, of GNR 206
graphene nanoribbon (GNR) 204
armchair GNRs 205
bottom-up synthesis 272
cove-edged 278, 280
in solution/Au(111) surface 278
synthesis 186
on Au(111) surface 212
solution-mediated
cyclodehydrogenation 205

surface-assisted cyclodehydrogenation
208

types 204
graphene oxide (GO) preparation 176
graphene properties 183
graphynes 286
Grignard metathesis (GRIM)

polymerization 99, 100, 134, 170

h
Heck-type coupling reaction 68
Herrmann–Beller catalyst 134
heteroatom-doped nanographene

molecules 198–202
heterobifunctional conjugated polymers

112
heterocycles-fused molecules,

photochemical synthesis of 242
Hexabenzocoronene (HBC) synthesis 184,

185
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hexaphenylbenzene-based precursor 195
hexapyrrolohexaazacoronene 199
hexapyrrolylbenzene derivative 200
hexayne amphiphile 272
hexayne synthesis 258, 259
homocoupling side reactions 141, 145
hybrid method 255

i
indene-C60 bisadduct (IC60BA) synthesis

175
indene-C70 bisadduct (IC70BA) synthesis

175
intramolecular oxidative

cyclodehydrogenation 183
intramolecular palladium-catalyzed

arylation 244
intramolecular photochemical C-C bond

forming reaction, drawbacks 230
intramolecular photochemical

cyclodehydrohalogenation reaction
(CDH) see
cyclodehydrohalogenation (CDH)
reaction

ionic liquid supported Stille coupling 47
Isoindigo(IID) based polymers 22, 24, 32
iterative Suzuki coupling reaction 77, 78

k
Katz-modified Mallory reaction
contorted hexabenzocoronene synthesis

232, 233
coronene derivatives 231
fused-perylenediimide synthesis 232
propylene oxide 231
thiopene-fused coronenes 232, 234

KCTP reaction see Kumada catalyst transfer
polycondensation (KCTP)

Kumada catalyst transfer polycondensation
(KCTP)

block copolymers 115
electron-deficient monomers 102
external functionalized initiators

107–110
fluorenes 101
GRIM reaction 99, 100
phenylenes 101

regio-regular poly(thiophene)s 100, 101
scheme 98

Kumada catalyst transfer polymerization
(KCTP) see Grignard metathesis
(GRIM) polymerization

Kumada coupling reaction 44, 46

l
lactam based donor polymers 23, 25
ladder-type polyphenylenes 82, 83
LiCl additive 10
liquid crystals (LC) 40
living polymerization 97
low π-sextets PAH synthesis 250

m
macrocycles 265
macrocyclic Cu(I)endash phenanthroline

complex 258
macroinitiator method see grafting-from

method
Mallory reaction. see photochemical

dehydrogenation
mechanistic black box 4
MEH-PPV polymer synthesis, Gilch

method 165, 170
meso-naphthodianthrone synthesis 183,

184
metal-containing polymers 42
methyl ether endcapped polyynes 260
MoCl5 reagent 188, 189
monomers bearing β-blocking groups

138, 139

n
nanographene 272
molecule synthesis 183
with FeCl3 and AlCl3 186–188
FeCl3 reagent 188
heteratom doping 198–202
on metal surfaces 186
oxidative cyclodehydrogenation
188–194

seven-and eight-membered rings
195–198

surface-assisted cyclodehydrogenation
202–204
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Naphthalene-diimide (NDI)-based polymer
P(NDI2OD-T2) 28, 30

3-naphthalen-1-ylimidazo [1,2-a]pyridine
cyclodehydrogenation with
potassium 194

Negishi catalyst transfer polycondensation
(NTCP) 102

non-amphiphilic hexayne 271
non-conjugated acetylenic macrocycle

265, 266
nonlinear optics (NLO) 13
non-symmetric 3-alkylthiophene units,

structural defects 141
N-substituted HBC 199

o
odd [n]cumulenes 259, 260
oligo-(E)-1,1′-bi(indenylidene) synthesis

281, 282
oligophenylene precursors 187
oligo-/polymer formation, on Au(111)

surface 281
organic field-effect transistors (OFETs)

28, 30, 32–35, 177
organic light-emitting diode (OLED)

polymers 35–38
organic photovoltaics (OPV)
fullerene derivatives 173
PCBtB performance 173
P3HT/PC61BM blend 161
polymers (see polymer solar cells (PSCs))
solar park concept 161

oxidative cyclodehydrogenation see also
nanographene, molecule synthesis

cycloocta-o,p,o,p,o,p,o,p-phenylene
197

graphene nanoribbon fabrication 186
hexa-peri-hexabenzocoronene

preparation 184, 185
hexaphenylbenzene derivatives 189,

190
indolyl-pentapyrrolylbenzene 190, 192
mesoendash meso-linked porphyrin

arrays 189
MoCl5 reagent 188, 189
molten AlCl3 with atmospheric oxygen

184

PIFA/BF3.OEt2 in dichloromethane
190

pyrimidyl-pentaphenylbenzene 199
reagents 184
tetrabenzo[8]circulenes and PAH 198

p
packing parameters 261
palladium-catalyzed direct C–H arylation,

of corannulene 195
palladium-catalyzed intramolecular direct

C–H arylation
corannulene and sumanene synthesis

247, 248
dibenzo[a,g]corannulene synthesis 244,

245
indeno[1,2,3]-annelated PAHs 245, 246
indenopyrene synthesis 245, 247
of low π-sextets PAH synthesis 250
pentaindenocorannulene synthesis 245,

248
picene derivatives 244, 245
tetraindenocorannulene synthesis 245,

248
palladium-catalyzed intramolecular

triflate–arene coupling 243
PBDT-BT fullerene derivative synthesis

166
PBDT-BT polymer synthesis 163
PBDTT-DPP 20
PBDTTPD 20
PBDTTTz-4 polymer synthesis 166
PBnDT-DTBT 20
PBnDT-FTAZ 20
PBTff4T 20, 21
PC61BM synthesis, in benchtop flow reactor

174
PC71BM synthesis, in benchtop flow reactor

174
PCBtB fullerene derivative synthesis 173
PCDTBT polymer synthesis 162, 163
Pd(RuPhos) protocol mechanism 104,

105, 116
PDTP-DFBT 21
pentalenes 274–275
perfluorinated polyether (PFPE) 170
peripentacene 203, 204
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perylene-3,4,9,10-tetracarboxylic diimide
preparation 192

PffBT4T 21
phase transfer catalysts (PTCs) 74
phenanthrene formation 231
phenylacetylene macrocycles 266
phenylacetylenyl macrocycles 266, 267
phenylbutadiynyl macrocycles 266, 267
photochemical dehydrogenation
description 231
drawbacks 230, 237
phenanthrene formation 231

photocyclization reactions
fused-perylenediimide synthesis 236,

237
perylenediimide-based fused dimer

synthesis 236, 238
pyridine-fused PDIs 237
at room temperature 236
thienobis[1]benzothiophene preparation

243
photorefractive (PR) polymers 14
photovoltaic parameters 167, 169
P3HT polymer synthesis 171
chain growth polymerization mechanism

170, 171
commercial benchtop flow reactor 172
droplet-based microreactor system

170
perfluorinated polyether 170

PIDA see polydiiododiacetylene (PIDA)
PiLEDOT synthesis 166, 167
PNDIS polymers 30
PNDIT polymers 30
PNT4T 21
poly(fluorene) (PF) 101
polyalkylthiophene polymer 18
polycyclic aromatic hydrocarbons (PAHs)

273
DDQ/Sc(OTf)3 189
PIFA/BF3.OEt2 190

polydiacetylenes (PDAs) 261
polydiiododiacetylene (PIDA) 261
polydispersity index (PDI) 161
polyether macrocycle structure 265
poly(phenylene-vinylene), Gilch method for

162, 165

polymer based OLED (P-OLED) materials
36

polymer solar cells (PSCs) 16
acceptor materials 23
donor polymers 17

polyphenylenevinylene (PPV) 14
poly(3,4-alkylenedioxythiophene)s 135
poly(p-phenylene)s (PPP) 101
poly(thiophene)s (PT) 97
poly(3-hexylthiophene) synthesis 134, 135
poly(phenylene-thiophene) (PPT) synthesis

3, 12, 14, 17
polytetrafluoroethylene (PTFE) coil 171
polytriacetylene (PTA) 268
polyynes
chemical structures of 257
formation of 257
rotaxane formation 258, 259
in single-walled and double-walled

carbon nanotube 258
solid-state reactions of 261
topochemical polymerization 268

power conversion efficiency (PCE) 161
PPyV polymers 38, 39
propargyl alcohol endcapped polyynes

260
PTB polymers 19
push–pull arene-based copolymer 136
push-pull hetero(arene) copolymer 137
pyridine-fused PDIs 237, 239
pyrrole-fused azacoronenes 201

r
random catalyst walking 99
random copolymer synthesis 117
rapamycin 44, 45
reaction conditions, of flow and batch

reactions 162
rylene diimides, base-induced

cyclodehydrogenation 193

s
Scholl reaction 184, 232
S-containing nanographene molecules

202
second-order NLO polymers 13–15
self-assembled monolayers 272
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semiconducting polymers 1
sequential ICl-induced alkyne cyclization

249
sequential monomer addition method

114–116
Si-bridged CPDT-BT polymer 22
single-walled carbon nanotubes (SWCNT)

synthesis 176
soft-landing electrospray ion beam

deposition 280
SPC see Suzuki polycondensation (SPC)

reaction
sp precursor modification, with TCNE

275
Stille coupling reaction 2
additives 10
advantages 42
applications 1
bulky phosphine ligands 7, 9
catalyst selectivity 8
cis-trans isomerization 5
cyclic and open transition states 5, 6
disadvantages 46
donor polymers 17
Espinet complex mechanism 6, 7
ionic liquid 47
ligands, electronic effect of 9
microwave conditions 12
OFETs
DPP based polymers 32, 35
IID based polymers 32, 34
polythiophene derivatives 32, 33

optimized reaction conditions 9
PBDT-BT polymer synthesis 163
phenylene-thiophene based liquid crystal

polymer 40, 44
phosphine ligands 8
P-OLEDs
CPDTs 38, 41
PPV polymers 36, 37
PPyV polymers 37–39
thiophene-based conjugated polymers
38, 40

polyalkylthiophene polymer 17, 18
polymer synthesis 2
polythiophene-based sensor polymers

40, 42, 43

PPT 16, 17
reaction scheme 2
reaction temperature 11
reductive elimination step 6
scheme 2
second-order NLO polymers 13
simplified reaction mechanism 3, 4
solvents 10
sp2–sp2 C-C bonds 2
third-order NLO polymers
polythiophene derivatives 14, 16
PPV 14, 16

tin, catalytic use of 47
trans–cis isomerization 4
transmetallation step 5, 9

Stille polycondensation
PBDTTPD polymer synthesis 168
PBDTTTz-4 polymer synthesis 168
Pd(0)-mediated reactions 3
poly(phenylene-thiophene) (PPT)

synthesis 2, 3
with xylene solvent 162

surface-assisted cyclodehydrogenation
202–204

surface-initiated polymerization (SIP)
110

Suzuki cross-coupling reaction 44, 46
aryl-aryl interchange reaction 68, 69
catalytic cycle 60
ligandless catalysts 64
metal-catalyzed cross-coupling reaction

59
microwave assisted synthesis 67
Pd(0) catalysts 63, 64
pH effect 61
phosphorus incorporation reaction

69–71
reaction equation 59
side reactions 67, 68
transmetallation process
Pd-OR intermediates 61, 62
quaternary boronate anion 61
weak bases 62

water-soluble ligands 65
Suzuki-Miyaura coupling reactions 59,

102, 110 see also Suzuki
cross-coupling reaction
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Suzuki polycondensation (SPC) reaction
AA/BB approach vs. AB approach 71
applications 82
boronic acid protect groups 78, 79
boron monomers 75, 77
carbazole copolymers 84, 85
chain growth mechanism 81
conjugated polymer synthesis 162,

163
dichloroarene monomers 80
direct borylation reaction 76, 77
halide-boronate exchange 76
heterocycle containing copolymers 84
ladder-type polyphenylenes 82, 83
monomer components used 161
monomer purity 73
number-average degree of

polymerization 72
PBDT-BT synthesis 163
PCDTBT polymer synthesis 162
reaction conditions and molecular mass

data 164
of spirofluorene and arylamine building

blocks 161
sulfonyloxy monomers 80
thiophene-containing copolymers 82,

83
triolborate modification 79, 80

t
teranthenes and quarteranthene synthesis

191
tetrabenzo[8]circulene 197
tetracyanobutadiene (TCBD) 275
tetraynes, solid-state polymerization of

270
thermally activated surface reactions 281
thiophene-fused coronenes synthesis 232
thiophene and selenophene copolymer

synthesis 171

thiophene-based molecules 132
thiophene Grignard monomer preparation

171
third-order nonlinear optic polymers 14
time-controlled DHAP reactions,

defect-free copolymers 142, 145
top-down approach 255
topochemical polymerization
in crystalline solids 263
oligo(phenylene butadiynylene) 264
packing requirements 261
polydiphenyldiacetylene formation 263

1,3,5-triethynylbenzene (TEB), on Ag(111)
surface 282

triply-linked porphyrin oligomers 189
tris(4-bromophenyl)ammoniumyl

hexachloroantimonate (BAHA)
190, 192

1,3,5-tris-(4-ethynylphenyl)benzene
(exTEB) 282, 283

trisubstituted benzene ring, on Au(111)
surface 281

T-shaped 14-electron complex 6
two-dimensional graphene sheet 229

u
unprotected thiophene-units 143, 146
UV–Vis absorption spectrum
of GNR 208
of P3HT film 177

v
V shape polythiophene 40

w
warped nanographene molecules 197
Wolff–Kishner-type protocol 273

z
zigzag GNRs 205


