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Index

a
(3-aminopropyl) triethoxysilane (APTES)

129, 303
ammonia (NH3) sensors 197
amorphous polyphthalocyanines 138,

172–179
anodic electrodeposition (AED) 112, 358
apparent quantum yield (AQY) 275, 305,

306
aqueous electrolyte system 354–355
atom transfer radical polymerization

(ATRP) 32
atomic force microscopy (AFM) 39, 109
attenuated total reflection infrared

(ATR-IR) 230, 233, 240
autoimmune deficiency syndrome (AIDS)

208
azide– alkyne Huisgen cycloaddition 32
azo-bridged porphyrin-Pc CMP (AzoPPN)

146

b
ball-type binuclear metal phthalocyanines

60
ball-type binuclear phthalocyanines 61
ball-type binuclear zinc phthalocyanine

60
ball-type bis-metallophthalocyanines

(BTMPcs) 73
ball-type cobalt phthalocyanine

complexes 77
ball-type molecules 21

ball-type phthalocyanines 58
BT-Pc-7 66
heterodinuclear 63
ZnPc-PDI-cage 64

1,4-benzenediboronic acid 33, 150
benzene-1,2,4,5-tetracarbonitrile (BTC)

175, 261
1,2,4,5-benzenetetrathiol 169, 239
1,4-benzothiadiazolediboronic acid

(BTDA) 151
benzidine (BDA) 318
benzo[1,2-b + 4,5-b′]bis[1,4]benzodioxin-

2,3,9,10-tetracarbonitrile (BBTC)
36

β-cyclodextrin (β-CD) 129
4,4′-biphenyl dialdehyde (BPDH) 254
4,4′-biphenyldicarboxylate (BPDC) 116,

291
bisphenol A (BPA) 216, 217, 297
Brunauer–Emmett–Teller (BET) 30, 140,

273
4-tert-butylphthalonitrile 10

c
cancer biomarker (L-cysteine) sensors

208
carbon black (CB) polymer 197
carbon dioxide reduction reaction

(CO2RR) 39, 144, 161, 163, 164,
169

carbon nanofibers (CNFs) 183, 244
carbon nanoparticle (CNP) 197
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carbon nanotubes (CNTs) 39, 40, 95,
147, 173, 227, 230, 327, 337–339,
346

carboxyl-bearing phthalocyanines 8
CeO2 photocatalyst 284
chemical sensors 36–37, 193–195, 211
chemical warfare agents (CWA) 215
chemiresistive gas sensors (CGSs) 36
chenodeoxycholic acid (CDCA) 308
clamshell systems 20
click electrochemistry (CEC) 214
CO2 electroreduction reaction (CO2RR)

97, 100
CO2 reduction reaction (CO2RR) 27, 35,

95, 101, 228, 270
Co tetra-amino Pc (CoTAPc) 258
cobalt and copper phthalocyanine (CoPc

and CuPc) 292
cobalt phthalocyanine (CoPc) 77, 124,

125, 196, 203, 218, 238, 240, 242,
247, 270, 276, 296, 302, 336

cobalt phthalocyanine (CoTNPc)/SnIn4S8

composites 302
cobalt polyphthalocyanine (CoPPc) 39,

40, 42, 173, 316
cobalt tetraamino phthalocyanine

(CoTAPc) 28, 208
cobalt tetrabenzimidazolephthalocyanine

(CoTBIPc) 203
cobalt(II) phthalocyanine (CoPc) 277
cobalt(II) 2,9,16,23-tetra(amino)

phthalocyanine (CoTAPc) 242
cobalt(II) tetraaza[14]annulene (CoTAA)

160
cobalt(II) tetra[β-N-(4-nitrophenyl)

benzamide] phthalocyanine
(CoTNBAPc) 204

cofacial and cage-like phthalocyanine-
based compounds 20–23

conjugated microporous polymers (CMPs)
40, 41, 137, 141, 197, 216, 280, 299,
323, 355

conjugated organic polymer (COP) 184,
255

conjugated polymer nanoparticles (CPNs)
200

conjugated polymers 37, 200, 255, 323,
325, 355

coordination polymers 23, 25–29, 43,
89–132

CoPc/g-C3N4 nanosheets (CoPc/NG/CN)
heterojunctions 291

CoPcPDA-CMP NSs 147, 270, 272
CoPc tetracarboxylic acid (CoPc-COOH)

273, 274, 277, 278
copper-based MOF (Cu-MOF) 37, 142
copper phthalocyanine (CuPc) 95, 109,

125, 196, 212, 240, 276, 288, 292,
303, 305, 306, 319

copper(II)phthalocyanine (CuPc)
122–124, 315

copper(II)phthalocyanine with MOFs
(CuPc/MOF) 124

copper polyphthalocyanine/carbon
nanotube composites
(CuPPc-CNTs) 338

covalent organic frameworks (COFs) 2,
33, 56, 57, 130, 137, 193–221, 227,
281, 285, 318, 319, 326, 329, 332,
342, 358

covalent organic nanosheets (CONs)
142, 242

covalent organic polymers (COPs) 29,
43, 132, 260, 351

covalent triazine frameworks (CTFs)
137

covalent-bonded oligomers
covalent-linked oligomers 19–20
based fused oligomers 16–19

COVID-19 200
crystalline polyphthalocyanines 138,

180–184
Cu-CuPc, synthesis and structure 315
Cu poly-Pc MOFs (PcCu-MOFs) 112
Cu tetraaminephthalocyanine (CuTAPc)

321
cyclodextrin 128–130
γ-cyclodextrin MOFs (γ-CD-MOF) 128,

129
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d
density functional theory (DFT) 94, 100,

101, 112, 144, 207, 217, 230, 240,
275, 316

density of states (DOS) 260
deoxynivalenol (DON) 129, 130
2,5-diamino-1,4-benzenediol (DB) 253
2,5-diaminobenzene-1,4-dithiol (DNDS)

239
4,6-diaminoresorcinol dihydrochloride

(DADHC) 146, 299
diammonium phosphate (DAP) 197
1,8-diazabicyclo[5.4.0] undec-7-ene

(DBU) 181, 247
3,6-dibromopyromellitic dianhydride

(BPMDA) 278
N, N-dibutylformamide (DBF) 156
1,2-dichloroethane (DCE) 33
2,4-dichlorophenol (DCP) 218, 288
o-diclorobenzene (DCB) 157
Diels– Alder reaction 30, 139
N,N-diethylformamide (DEF) 157
differential pulse voltammetry (DPV)

124, 198
1,3-diiminoisoindoles 5
N, N-dimethylacetamide (DMA) 154,

258
dimethylacetamide (DMAC) 13, 141,

150, 154, 157, 161, 163, 169, 258
N,N-dimethylformamide (DMF) 27, 60,

122, 169, 232, 242, 254
1,3-dimethyl-2-imidazolidinone (DMI)

160
1,3-diphenylisobenzofuran (DPBF) 41,

140, 294
2,5-ditert-butyl-1,4-benzoquinone

(DTBBQ) 142, 242
3,5-di-tert-butylcatechol (3,5-DTBC) 102
dopamine 204, 206
double potential step chronocoulometry

(DPSCC) techniques 214

e
early fire warning component (EWC)

219

electrocatalytic CO2 reduction (ECR) 95,
101, 119, 227, 228, 250

electrochemical impedance spectroscopy
(EIS) 123, 124, 214

electrochemical pesticide sensor (EPS)
214

electrochemical reactions 39, 227, 336
electrochemical sensors 92, 103, 107,

120–122, 193, 214
electrochemiluminescence (ECL) 129,

130
electron-donating groups (EDGs) 258
electron spin resonance (ESR) 316
electrospray ionization mass spectrometry

(ESI-MS) 63
1-ethyl-3-methyl-imidazolium chloride

[EMIm]Cl 358
ethynyl-linked Pc-based CMPs 144–146
extended X-ray absorption fine structure

(EXAFS) 228

f
F-doped tin oxide (FTO) 27, 99, 259
Faradaic efficiency (FE) 27, 40, 78, 97,

120, 144, 154, 159, 167, 228, 229,
241, 243

fast Fourier transform (FFT) 255
Fe Pc-based polymers (PFePc) 255
Fe phthalocyanine (FePc) 103, 123, 128,

129, 228, 272, 288, 299, 346
Fermi level 94, 160, 177, 261, 351
flash-photolysis time-resolved microwave

conductivity (FP-TRMC) 150
fluorine-doped tin oxide (FTO) 27, 259
Fourier transform infrared spectroscopy

(FT-IR) 97, 228, 250, 273, 304
Friedel– Crafts reactions 137
fullerenes 15, 16, 22, 25, 57, 58, 65, 80, 81
fully aromatic conjugated covalent

organic frameworks (FAC-COFs)
332

g
gas diffusion electrode (GDE) 233
gel electrolyte system 358–360
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glassy carbon electrode (GCE) 107, 198,
204

glucose oxidase (GOx) 208, 209
glucose sensors, PC 208–210
grazing incidence diffraction (GID) 152
grazing-incidence wide-angle X-ray

scattering (GIWAXS) 154

h
Haber– Bosch process 304
Hall effect 110, 154, 159, 160
Heck reaction 6
heteroleptic quadruple-deckers 11
hexadecafluorophthalocyanine (HDFP)

148, 169, 171, 228, 303
hexadecafluorophthalocyanine-derived

COFs 169–172
hexamethyl disilazane (HMDS) 16
high-angle annular dark-field scanning

transmission electron microscopy
(HAADF-STEM) 163, 174, 232,
240–242, 244, 245, 259, 263, 264

high-level-energy electrons (HLEEs)
273, 277

high-resolution transmission electron
microscopy (HRTEM) 35, 96,
157, 167, 183, 230

highest occupied molecular orbital
(HOMO) 62, 265

host–guest properties of Pc 69, 80–82
hybrid photocatalyst 270, 273, 274, 277,

294
hydrogen evolution reaction (HER) 39,

121, 123, 144, 260
hydrogen peroxide (H2O2) 201, 269
hypercross-linked polymers (HCPs) 137

i
ideal adsorbed solution theory (IAST)

146
imine-linked Pc-based CMPs 140–144
immunogenic cell death (ICD) 106
immunosuppressive tumor

microenvironment (ITM) 105
indium tin oxide (ITO) 27

indoleamine 2,3-dioxygenase 1 (IDO1)
105

inductively coupled plasma optical
emission spectrometry (ICP-OES)
183

interface-modified film 325–326
Internet of Things (IoT) 195
4-(5-iodopyridin-2-yloxy)phthalocyaninato

cobalt(II) (P-CoPc) 289
ionothermal synthesis method 36, 138,

147, 154, 334
iron phthalocyanine (FePc) 103, 123,

129, 272, 302, 346, 348
iron phthalocyanine/bismuth oxybromide

(FePc/BiOBr) composite 299–300
iron phthalocyanine/carbon nitride

(FePc/CN) 297, 298, 346
iron polyphthalocyanine 31, 173, 174,

184
iron(II) phthalocyanine (PcFe) 120, 122
Irving– Williams Series 183, 244, 246
isoreticular MOF-3 (IRMOF-3) 36, 125,

251

k
Ketjen-Black (KB) 260

l
L-cysteine 92, 93, 206–208
Langmuir–Blodgett (LB) 216
Langmuir isotherm 194, 195
layer-by-layer (LbL) 125, 127, 216
Li–CO2 battery 42, 43, 336, 338–340
Li–O2 battery 42, 43, 336, 338–340
limit of detection (LOD) 37, 121, 130,

146, 197
lithium-ion batteries (LIBs) 27, 42, 107,

313
anode material 316–321
bipolar electrode material 321–324
cathode material 314–316
interface-modified film 325–326
lithium–sulfur battery catalyst

326–327
lithium–oxygen batteries (LOBs) 336
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lithium–sulfur battery catalyst 326–327,
360

lowest unoccupied molecular orbital
(LUMO) 265

m
magnetic sensors 193
maleic anhydride-vinyl acetate polymer

(MA-VA) 328
manganese phthalocyanine (MnPc) 25
membrane electrode assembly (MEA)

233, 239
mesoporous carbon nitride (mpg-CNx)

42, 173, 270
metal-air batteries (MABs) 42, 335

Li–CO2 battery 338–339
Li–O2 battery 336–338
zinc–air battery 339–351

metal-COF (MCOF) 246, 262
metal-ion batteries (MIBs) 314

lithium-ion battery
anode material 316–321
bipolar electrode material 321–324
cathode material 314–316
interface-modified film 325–326
lithium–sulfur battery catalyst

326–327
potassium-ion battery 332–334
sodium-ion battery

anode material 328–329
bipolar electrode material 329–332
sodium-iodide battery catalyst 332

structure of 314
metallic octaaminophthalocyanine 8
metallic tetraaminophthalocyanine 6
metal-ligand supramolecular

oligomers 15
metallophthalocyanines (MPcs) 25, 37,

40, 66, 92, 93, 101–103, 116, 142,
157, 159, 164, 183, 197, 212, 227,
244, 246, 250, 291, 295, 358

metallophthalocyanine-based conjugated
microporous polymers
(MPc-CMPs) 299

metal–organic cages (MOCs) 2, 55–57

metal–organic frameworks (MOFs) 2,
57, 89, 93–102, 108–114, 116, 117,
121–123, 125, 127, 128, 132, 142,
227, 291, 314, 358, 360

based amino-Pc 98–103
based on carboxyl-substituted Pc

103–106
electrochemical properties of Pc

106–113
nanocomposite of Pc 113–125
octahydroxy-Pcs 92–98

metal–organic layers (MOLs) 28, 103
metal Pc (MPc) 10, 24, 42, 60, 73, 103,

106, 107, 110, 113, 173, 258, 261,
265, 270, 346, 348, 355

metal polyphthalocyanine frameworks
(MPPc) 252

methanol oxidation reaction (MOR)
167, 250

1-methyl-2-pyrrolidone (NMP) 159, 236
4-(4-methylquinolin-2-yloxy)phthalo-

cyaninato cobalt(II) (Q-CoPc)
289

microsupercapacitor (MSC) devices 110,
111, 360

microwave radiation (MW) 18
mode-linked Pc-based CMPs 146–148
molecular engineering 2, 4, 5
molecular sensors 193, 219
monophthalocyanines 4–5

octa-substituted monophthalocyanines
7–9

tetra-substituted monophthalocyanines
6–7

MPc/treated g-C3N4 (MPc/T-CN)
heterojunctions 277

multiwall carbon nanotube (MWCNT)
208, 238

n
n-type perylene-3,4,9,10-tetracarboxylic

dianhydride (PTCDA) 308
N2 reduction reaction (NRR) 159, 175
naphthalenediimide (NDI) 22, 57, 58,

80, 81, 152, 153
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1,4,5,8-naphthalenetetracarboxylic
dianhydride (NTCDA) 175, 323

N-doped reduced GO (NRGO) 230
near-infrared (NIR) 3, 18, 150, 182, 296,

308
negative temperature coefficient (NTC)

219
N-hydroxyphthalimide (NHPI) 41, 142
Ni phthalocyanine (NiPc) 247
Ni phthalocyanine polymer (NiPcP) 230
nickel(II) tetraaminophthalocyanine

(NiTAPc) 278
nickel phthalocyanine (NiPc) 93, 98, 99,

261, 280, 290, 302, 328
nickel Pc 2D MOF (NiPc-MOF) 99
nickel-phthalocyanine-based CMP

(NiPc-CMP) 280
NiPc-CMP/Bi2WO6 280
nitrogen reduction reaction (NRR) 39,

260–264, 304
4-nitrophenol (4-NP) 292–294
N-methylpyrrolidone (NMP) 42, 164,

253, 254
nonaqueous electrolyte system 355–358
nuclear magnetic resonance (NMR) 15,

62, 63, 146, 161, 175

o
octa-amino-Fe-Pc (OA-FePc) 258
octaaminophthalocyanine 8, 33, 99, 149,

157, 159, 160, 235
octaaminophthalocyanine-derived COFs

157–163
octacarboxyphthalocyanine-derived COFs

164–168
octahydroxyphthalocyanine 15, 33, 98,

148, 150, 152, 154, 156
octahydroxyphthalocyanine-derived

COFs 150–157
octa-substituted monophthalocyanines

7–9
oligomers
μ-oxo-linked phthalocyanine-based

oligomers 12–13

sandwich-type phthalocyanine-based
complexes 9–12

supramolecular 13–16
optical sensors 127, 193
organic compounds sensors 212–219
organic field-effect transistor (OFET) 25
organic polymers, PC 29–36, 41, 43, 56,

132, 137–185, 255, 260, 295, 302,
319, 351

organic synthesis 13, 40
μ-oxo-linked phthalocyanine-based

oligomers 12–13
OXA/phthalocyanine-based coordination

polymer nanoparticle (OPCPN)
105

oxygen evolution reaction (OER) 27, 39,
94, 95, 99, 131, 142, 259, 308, 336

oxygen modified carbon nanotubes
(OCNT) 260

oxygen reduction reaction (ORR) 39, 75,
76, 95, 129, 131, 144, 169, 225, 227,
286, 342

p
palladium-catalyzed reactions 19
Pc-based CMPs

ethynyl-linked 144–146
imine-linked 140–144
mode-linked 146–148

Pc-based COFs
hexadecafluorophthalocyanine-derived

COFs 169–172
octahydroxyphthalocyanine-derived

COFs 150–157
octaaminophthalocyanine-derived

COFs 157–163
octacarboxyphthalocyanine-derived

COFs 164–168
Pc-based porous organic polymer (POP)

classification of 139
Pc-based CMPs

ethynyl-linked 144–146
imine-linked 140–144
mode-linked 146–148

Pc-based COFs 148
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hexadecafluorophthalocyanine-derived
COFs 169–172

octahydroxyphthalocyanine-derived
COFs 150–157

octaaminophthalocyanine-derived
COFs 157–163

octacarboxyphthalocyanine-derived
COFs 164–168

polyphthalocyanines
amorphous 173–179
crystalline 180–184

Pc-functionalized conjugated porous
networks (Pc-CPNs) 355

PDI/phthalocyanine iron (FePc)
heterojunctions 288

PEDOT:PSS 219–221
perylene diimide (PDI) 62, 152, 274
perylene-3,4,9,10-tetracarboxylic acid

(PTCA) 129
3,4,9,10-perylenetetracarboxylic

dianhydride (PDI) 147
p-phenylenediamine (PDA) 318
photocatalysts, polymeric materials

40–42
photocatalytic degradation 120, 217,

269, 287–304
photocatalytic nitrogen reduction reaction

(PNRR) 304
photocatalytic oxygen evolution (POE)

308
photocatalytic water splitting 270,

305–308
photodynamic cancer therapy (PDT) 199
photodynamic therapy (PDT) 3, 22, 28,

104–106, 115
photoelectrochemical (PEC) 29, 92, 93,

130, 142, 306
phthalic anhydride 5, 6, 316
phthalocyanines (Pcs)

based cages 57–72
cancer biomarker (L-cysteine) sensors

206–208
for CO2 electroreduction 227–255
for CO2 photoreduction

Cage homogeneous supramolecular
photocatalyst 278

CeO2 photocatalyst 284
CoPc and NNO 277
CoPc-COOH 273
CoPc/GO composites 276
CoPc/P-BNDCN composite 270,

283
CoPc-PMO 276
covalent organic frameworks (COFs)

281
CsPbBr3/ZnPc heterojunction 283
CuBCP/CoFPc system 275
CuPc/NPT 276
FePc/porous WO3 hybrid 273
g-C3N4/CoPc-COOH hybrid

photocatalyst 274
g-C3N4/CoPc-COOH photocatalyst

278
GO-CoPc catalyst 285
H100-CuPc/G/UCN 273
hybrid catalyst 272
MPc/T-CN 277
mpg-C3N4 catalyst 272
NiPc-CMP 280
NiTAPc-BPMDA 279
organic–inorganic hybrid

photocatalyst 270
P-g-C3N4 photocatalyst 277
T-CoPPcs 283
2D B-doped and N-deficient CN

270
ZIS-Pc heterogeneous catalyst 273
ZnPc/BiVO4 nanocomposites 283
ZnPc/P-PDI heterojunctions 275

cofacial and cage compounds 20–23
covalent-bonded oligomers

covalent-linked oligomers 19–20
fused oligomers 16–19

electrocatalysts 265
electrochemical H2O2 generation

264–265
glucose sensors 208–210
for HER 260
H2O2 photosynthesis 285–287
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phthalocyanines (Pcs) (contd.)
ion sensors 210–212
macrocyclic molecules 90
monophthalocyanines 4–5

octa-substituted 7–9
tetra-substituted 6–7

neurotransmitters and stimulants
sensors 204–206

nitrogen reduction reaction 260–264
oligomers

μ-oxo-linked phthalocyanine-based
oligomers 12–13

sandwich-type phthalocyanine-based
complexes 9–12

supramolecular 13–16
organic polymers

amorphous 29–33
COFs 33–36

NO2/NH3/NO2
–sensors 195–199

for OER 259
for ORR 255–259
3O2/1O2/H2O2 sensors 199–203
organic compounds sensors

212–219
photochemical and electrochemical

properties 89
for photocatalytic degradation

10%α-ZnTcPc/g-C3N4 296
BVO-CoPc 299
CoAlPc/GO hybrids 296, 297
CoPc and CuPc 292
CoPc/NG/CN photocatalyst 291
CoPc/P-CN 294
CoTNPc/SnIn4S8 composites 302
CuPc-PACA HIOBs 289
2,4-DCP 303
Ex-PcOP-Fe nanosheets 302
FePc/BiOBr composites 300
FeTNPc/BiOCl 297
g-C3N4/ZnTcPc/GQDs 295
GW-ZnMCPPc and GW-ZnTCPPc

with higher singlet oxygen
quantum yield generation
exhibited enhanced 290

GW-ZnTIPAPc 290

MPc 295
MPc-CMPs 299
MPc/MOx/GG 287, 288
MPc/TiO2 and MPc-MOx

microspheres 287
NiPc– FePc/BCN photocatalysts

290
P-CoPc and Q-CoPc 289
PDI/FePc 288
rGO-CoPcS 293
TiO2/ZnPc hybrids 304
TNCuPc/TiO2 nanofibers 298
TNFePc/TiO2 297
ZnO-ZnPc composites 291
ZnTCPc/UIO-66 (NH2) 303

for photocatalytic water splitting
305–308

polymeric materials
coordination polymers 25–29
organic polymers 29–36
porous molecular crystals 23–25

porous polymeric materials
for chemical sensors 36–37
for electrocatalysis 37–40
for energy storage 42–43
for photocatalysts 40–42

for sensor parameters 194–195
supramolecular characteristics 3
temperature/pressure sensors

219–220
phthalocyanine-based cages

electrochemical properties 73–77
gas-sensing properties 80
host–guest properties 80–82
metal–organic cages 55–56
MOCs 57–58
molecular cages 65
organometallic cages 69
POCs 58–64
porous organic cages 56–57
subphthalocyanines based cages

64–65
phthalocyanine-based COF 33–36, 318
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phthalocyanine-based coordination
polymer nanoparticles (PCPN)
105

phthalocyanine-based covalent-linked
oligomers 19–20

phthalocyanine-based fused oligomers
16–19

phthalocyanine based MOFs
amino-Pcs 98–103
based on carboxyl-substituted

103–106
co-assembly of cyclodextrin 128–130
COFs 130–132
electrochemical properties 106–113
octahydroxy 92–98
porous coordination polymers 91–92

phthaloimide 6
phthalonitriles 5, 7–12, 18, 21, 31–33, 58,

60, 219, 296
π–π interactions 3, 7, 10, 76, 89, 90, 123,

228, 232, 251, 260, 272, 279, 288,
306, 342

polyaniline (PANI) 214, 253
polyimides-linked COFs (PI-COFs) 250
poly(2,6-dimethyl-1,4-phenylene oxide)

(PPO) 348
poly-iron– phthalocyanine (PFe-Pc) 348

dopamine electrode sensors 206
glucose sensors 208–210
H2O2 electrode sensors 203
L-CySH/L-Met electrode sensors

208
polymeric materials

coordination polymers 25–29
metal–air battery

Li–CO2 battery 338–339
Li–O2 battery 336–338
zinc–air battery 339–351

metal-ion battery 313–314
potassium-ion battery 332–334
sodium-ion battery 328–332
lithium-ion battery 314–327

porous molecular crystals 23–25
supercapacitor 351–354

aqueous electrolyte system 354–355

gel electrolyte system
358–360

nonaqueous electrolyte system
355–358

polymers of intrinsic microporosity
(PIMs) 30, 137

polyoxometalate (POM) 28, 101
polyphthalocyanine (PPc)

amorphous 173–179
crystalline 180–184

polystyrene sodium sulfonate (PSS)
modified graphene (PSS-Gr)
composites 77

porous aromatic frameworks (PAFs)
137

porous coordination polymers 26,
89–92, 125

porous molecular cages 55, 56
porous molecular crystals 23–25
porous organic cages (POCs) 2, 55–57
porous organic polymer (POP) 33, 41,

137, 163, 295, 319
porous polymeric materials

for chemical sensors 36–37
for electrocatalysis 37–40
for energy storage 42–43
for photocatalysts 40–42

porphyrin (Por) 3, 19, 57, 58, 76, 90, 146,
152, 161, 164, 197, 199, 216, 228,
235, 237, 250

porphyrinato ligands 9, 12
post-synthetic methods 137
potassium-ion battery 332–334
powder X-ray diffraction (PXRD) 24, 35,

111, 150
precursor molecular sensor (PMS) 219
principal component analysis (PCA) 216
4-propoxyphthalonitrile 10
proton-exchange-membrane fuel cells

(PEMFCs) 175
p-toluenesulfonic acid (PTSA) 159, 160,

236
pyrolysis-free COF-based electrocatalysts

346
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pyromellitic dianhydride (PMDA) 174,
175, 178, 182, 183, 278, 316, 319

pyromelliticdiimide (PyrDI) 152

q
quantum-electrodynamical (QED) effects

126
quasi-Langmuir– Shafer method 37, 146

r
rate-determining step (RDS) 123, 261,

275, 282, 283, 294
reactive oxygen species (ROS) 28, 116,

141, 164
reverse saturable absorption (RSA) 182
reversible hydrogen electrode (RHE)

154, 229, 237
rhodamine B (RhB) 141, 287
Rosenmund-von Braun reaction 7, 30

s
sandwich-type phthalocyanine-based

complexes 9–12
sandwich-type tetrapyrrole compounds

9
scanning electron microscopy energy

dispersive spectroscopic
(SEM-EDS) 174

scanning tunneling microscopy (STM)
30, 31, 138, 180

secondary building units (SBUs) 26
silica colloidal crystal beads (SCCBs)

288
silicon-phthalocyanine (SiPc) 127, 316
single-atom site catalysts (SSCs) 339
single-crystal to single-crystal (SCSC) 24
single-crystal X-ray diffraction 3, 24, 55,

76, 232
sodium-iodide battery catalyst 332, 360
sodium-ion battery

anode material 328–329
bipolar electrode material 329–332
sodium-iodide battery catalyst 332

Sonogashira cross-coupling reaction 19
Soxhlet extraction 29, 182

square wave voltammetry (SWV) 206,
256

subphthalocyanines (SubPcs) based cages
64–65

supercapacitors (SCs) 351
aqueous electrolyte system 354–355
gel electrolyte system 358–360
nonaqueous electrolyte system

355–358
supramolecular chemistry 1, 2, 13
supramolecular oligomers 13–16
Suzuki cross-coupling reaction 16, 148
symmetric dual-ion battery (SDIB) 323

t
terephthalaldehyde (TA) 40, 141, 246,

355
terephthaldehyde (TPA) 144
1,3,5,7-tetra(4-aminophenyl) adamantine

(TAPA) 164, 234
tetracarboxyphenyl-replaced cobalt

phthalocyanine (CoPc)(TC-CoPc)
238

tetracyanobenzene (TCB) 43, 244, 246,
249

1,2,4,5-tetracyanobenzene (TCNB) 30,
31, 42, 138, 172, 173, 175, 178, 180,
182, 183, 270, 319

tetracyanoethylene (TCNE) 25, 175
tetrafluorophthalonitrile (TFPN) 33, 232
1,2,4,5-tetrahydroxybenzene (THB) 169
tetramethoxypropane (TMP) 160
4-tetranitro copper(II)phthalocyanine

(TNCuPc) 123
2,9,16,23-tetra-nitrophthalocyanine

iron(II) (TNFePc) 297
tetra-substituted monophthalocyanines

6–7
tetrathiafulvalene-annulated silicon

phthalocyanine (TTF-SiPc)
oligomers 316

5,15,10,20-tetrayl(4-aminophenyl)porp-
hyrin (TAPor) 164, 167

three-dimensional (3D) Pc metal–organic
frameworks (MOFs) 98
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time-resolved photoluminescence (TRPL)
306

time-resolved photoluminescence spectra
(TRPS) analyses 306–308

transmission electron microscopy (TEM)
31, 39, 96, 273

trichloroacetic acid (TCAA) 120, 122
1,3,5-triformylbenzene (TFB) 41, 142,

296
5,5′,5′′,5′′′,5′′′′,5′′′′′-(triphenylene-2,3,6,

7,10,11-hexayl)hexa(isophthalo-
hydrazide) (THHI-NH2) 285

triptycene-based CMP (Trip-Pc-PIM),
synthesis 140

turnover frequency (TOF) 28, 29, 40, 77,
148, 159, 164, 172, 228, 230, 234,
259, 348

turnover number (TON) 28, 42, 142,
234, 270, 271

2D B-doped and N-deficient graphitic
carbon nitride (BNDCN) 283

two-dimensional conjugated metal–
organic frameworks (2D c-MOFs)
110, 111, 256, 358, 360

2D iron polyphthalocyanine 31, 174

v
volatile organic compounds (VOCs) 37

w
wide-angle X-ray scattering (WAXS)

154, 161

x
X-ray absorption fine structure (XAFS)

175, 228
X-ray absorption near edge structure

(XANES) 96, 178, 228,
233, 247

X-ray absorption spectroscopy (XAS)
227, 233, 261

X-ray photoelectron spectroscopy (XPS)
160, 273

z
zinc–air battery (ZAB) 75, 131, 167, 257,

258, 336, 339–351
zinc phthalocyanine (ZnPc) 60, 104,

115–117, 274
zinc phthalocyanine derivative

(Zn-tri-PcNc) 307
zinc phthalocyanine (ZnPc)/perylene

diimide supermolecule (ZnPc/P-
PDI) heterojunctions 274

zirconium-based MOFs 117, 303
ZnPc-mono carboxy phenoxy (ZnMCPPc)

289
Zn(II) pyridino[3,4]tribenzoporphyrazine

14
ZnTCPPc 289
ZnTIPAPc 289, 290
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