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(CPPDS) 388, 389
cellular glutathione 395
Chain Transfer Agents (CTAs) 40,

235, 238, 239, 256, 342
chemical oxidation 266, 268, 374
chemical oxidation polymerization

266
chemosensors 28–29, 34, 225, 227
chiral amino esters 14, 15
chitosan-thiobutylamidine 418
2-chloro-3,4-alkylenedioxythiophene

283, 284
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1,6-hexamethylenediamine 9
hexamethylene diisocyanate (HDI)

204, 358
hexane-1,6-dithiol 180, 247
1,6-hexane dithiol 378
1,2-hexyloxirane 115

3-hexyl-5-bromo-2-(phenylsulfonyl)-
thiophene 270

3-hexyl-2-(phenylsulfonyl)thiophene
270

(4-hexyl-5-(phenylsulfonyl)thiophen-
2-yl)magnesium chloride 270

3-hexylthiophene concentrations
268

high refractive index sulfur-containing
polymers (HRISPs)

general strategies 314–315
inverse vulcanization 328–334
optics

absorption and refraction
306–307

birefringence 312–313
dispersion 311–312
refractive index 307–311

polycarbonates and polyesters
325–327

sulfur containing
polyimides and polyamides

315–321
poly(meth)acrylates 321,

323–325
polythioacrylates 321, 323–325

thermosets 327–328
high-molecular-weightpolyisobutylenes

(PIBs) 150
HMF-derived poly(β-thioether ester)s

152
homocysteine thiolactone 237, 242
homopolymerization 147, 183, 184,

245, 246, 269, 270, 275, 277, 290
human carbonic anhydrase (HCA) zinc

enzyme 85
human umbilical vein endothelial cell

(HUVEC) 416
hydrodesulfurization processes 39, 40,

74
hydrogen peroxide (H2O2) 149, 196,

268, 346, 367, 368, 372, 393
hydrophilic diselenide molecule

(HOEG4Se2) 360



Index 437
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intramolecular catalyst-transfer

mechanism 275
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linear diselenide-containing
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linear poly(thioether)s 149, 155
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LiOH-catalyzed thiol-epoxy click

polymerization 160
lipoic acid (LPA) 375, 376, 416
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microphase-separated morphology

133, 135
molecular polarizability 310
molecular refractivity 310–311
monofunctional impurity technique

380
monomers 16–19, 22–28, 69, 72, 73,

149, 160–161, 177, 238–246, 345,
370, 380

monosubstituted epoxides 90, 95
monothiocarbonate 52, 90, 91, 93–94,

96, 99, 113, 120, 122, 132
monothiocarbonate units 91
multi-sequence-ordered polythioester

173
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multicomponent polymerizations
(MCP)

characteristics 1
alkyne, carbonyl chloride, and thiol

22, 24, 25
cell imaging 30, 33
chemosensors 28–29
cyclic dithiocarbonate 25–26
metal ion removal/enrichment

29–32
sulfonyl azides

alkynes and diphenyl dichalcogen
20, 21

alkynes and monomers 16–19
alkynes, and amines/alcohols

14–16
topological polymers 20, 22, 23

sulfur
benzylamines, and aliphatic

amines 7–9
dialdehydes, and diamines 3–5
diarylacetic acids, and aliphatic/

aromatic diamines 9–11
diisocyanides, and aliphatic

diamines 11–13
diynes, and aliphatic amines 5–7

with cyclic thiolactone 26–28
multifunctional poly(thioether)s 164

n
N,N′-acryl-oxysuccinimide units 413
N-isopropylacrylamide (NIPAM) 383,

414
N–S–N bond polymers 199
nanophase separation 152–154
native chemical ligation (NCL) method

251, 253
Ni-catalyzed coupling 271
Ni-catalyzed Suzuki catalyst-transfer

polymerization (SCTP) 270,
275

NMP (N-methyl-2-pyrrolidone) 7,
157, 181, 321

NMR scrambling studies 60, 61
NMR spectroscopic analysis 177

non-substituted polythiophene 266
nonamethylenediamine 65
Nozaki’s catalyst/co-catalyst system

47
nucleophilic alkoxide 60
nucleophilic reagents 123

o
O→B coordination bond 107
oligoethylenedithiol 372
oligothiophene 273, 279, 377
one-pot Michael addition

polymerization 407
optical properties, of

polythiocarbonates 328
organic electronic materials 265, 266
organic photovoltaics (OPVs) 265,

281, 284, 286–287
organic thin film transistors (OTFTs)

265, 276, 282, 284–286
organosulfur compound 228, 236, 238
organotin compounds 276
oxetane 39, 87, 89, 95
oxidation 7, 9, 20, 83–85, 87, 159, 193,

199, 266, 268–269, 282, 341–342,
344–346, 360, 367–368, 370–372,
374–375, 393, 420

oxidative polymerization 266–269,
370–374

4,4′-oxybis(benzenethiol) 372
oxygen/sulfur exchange reactions (O/S

ERs) 85, 90–91, 93–94, 97–98,
100–101, 105, 110–111, 113–121,
138

p
p-(phenylselenomethyl) styrene 346
p-methylselenostyrene 342
p-phenylselenostyrene 342
paclitaxel (PTX) 403, 410
Pd-catalyzed cross-coupling

polycondensations 273
Pd-catalyzed transmetalation

cross-coupling reactions 276
pentaflurophenyl 246
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pentamethylenediamine 65
perylenediimides (PDI) 244, 247–248,

268–271, 273–278, 341, 345, 377
phenyl benzenesulfonimidate

205–206
1,4-phenylenediacetic acid 10
phenylselenyl bromine (PhSeBr)

354–355, 360–362
phenylselenyl halogen species (PhSeBr)

354
phosphinodiselenoic acid esters

(DPPSB) 343
phosphonate aryl halide initiators 272
phosphorus oxychloride (POCl3) 348
photo-/thermoinitiated thiol-ene click

polymerization 149
photo-/thermoinitiated thiol-yne click

polymerization 154–155
photoinduced polymerization 266,

278–279
photoinitiated polymerization

278–280
photoinitiator Irgacure 2959 149
photolithography process 218
photoluminescence (PL) intensity 6,

28, 29, 31, 226
phthalic thioanhydride (PTA)

177–178
piperidinium 175
PLA-based amphiphilic copolymers

396
platinum-catalyzed hydrosilylation

150
poly methacrylates 205, 244, 253
poly(β-amino ester) (PBAE) hydrogel

396, 415
poly(β-hydroxythio-ether)s 160–163,

165
poly(3,4-ethylenedioxythiophene)

(PEDOT) 280–283
poly(3,4-ethylenedioxythiophene)/poly

(styrene sulfonate) (PEDOT/PSS)
280

poly(3-alkylthiophene)s (P3ATs) 266,
268–269, 286

poly(3-alkylthiophene)s (rr-P3ATs)
266–267, 269

poly(3-hexylthiophene) (P3HT)
265–266, 272, 283, 285

poly(3-mercapto-butyrate) (PMP) 180
poly(3-mercaptopropionate) (PMB)

180
poly([thio]tricarbonate-co-thioether)

45
poly(𝛽-thioesters) 248
poly(N-acylsulfonamide)s 18
poly(N-isopropyl-acrylamide)

(PNIPAAm) 414–415
poly(N-sulfonylamidine)s 14, 16
poly(N-sulfonylimidate)s product 16
poly(aminodisulfide)s 199–201, 228
poly(aminooxothiazenes) 205
poly(bithienylmethylene)s (PBTM)

273
poly(cyclohexene monothiocarbonate)

91, 93–94
poly(cyclopentene [thio]carbonate)s

58
poly(diaminodisulfide)s 191, 199,

201–205, 228
poly(diaminosulfide)s 191, 196–199,

223, 225
poly(disulfide)s (PDS) 372

amphiphilic PDS and drug delivery
application 381–388

cell penetrating poly(disulfide)s
(CPPDS) 388

disulfide functionality 367
ethylene dichloride and sodium

polysulfide 370
fragmentation polymerization 375
oxidative polymerization of dithiols

370
photo-induced disulfide metathesis

375–377
ROP of cyclic disulfide 374–375
self-organizing surface-initiated

polymerization (SOSIP)
377–378

thiokol method 370
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thiol-disulfide exchange reaction
378–381

poly(dithioester)s 173, 175, 176
poly(ethylene glycol) methyl ether

methacrylate (PEGMA) 421
poly(ethylene terephthalate) (PET)

172
poly(fluorooxothiazenes) 205
poly(iminocoumarin) 17
poly(methyl methacrylate) (PMMA)

126, 129, 313, 321, 331, 342
poly(monothiocarbonate)s (PMTC)

96, 107, 110, 120–121, 147
poly(oxothiazene)s 205–207
poly(phenyloxothiazene) 205
poly(phosphorus amidine)s 18, 22, 28
poly(propylene monothiocarbonate)

(PPMTC) 93–96, 98, 100–104,
120–121, 123–124, 133–137

poly(propylene oxide) (PPO) polyols
89–90, 102, 109–110

poly(propylene trithiocarbonate)s 45,
47

poly(styrene) 91, 94, 253, 280
poly(sulfenamide)s 191–196, 202,

222–223
poly(sulfonylimidate)s 207–214, 218,

223, 225, 227
poly(thiocaprolactone) 181–182
poly(thioether)s 83, 113–121, 124,

126–127, 132–133, 148–151, 155,
157, 158, 164–165, 367

poly(thionocaprolactone) 182
poly(thiourea)s 147, 367
poly(thiourethane)s 163, 165, 367
poly(thiovalerolactone) 181
poly(trimethylene monothiocarbonate)

(PTMMTC) 122, 127–130,
135–137

poly(vinyl alcohol) 223
poly(vinyl sulfide)s 148, 154–157, 165
poly(vinylene sulfide)s 156–160, 165
poly(vinylidene sulfide)s 159, 165
poly-L-lysine (PLL) 416
poly[thio]carbonate 55, 59

polyaddition 174–175, 179, 327–329,
396

polycondensation(s) 11, 64–66, 68,
172–175, 179–181, 206, 209, 211,
247, 256, 273, 276, 315–316, 327

polycondensation reaction 65, 207,
325, 369, 380

polydimethylsiloxane 249
polydispersity(ies) 67, 74, 155, 165,

185, 222–223, 245, 268, 342–345,
362, 400

polyethylene glycol (PEG) 288, 341,
396

polyethylene glycol (PEO) 100
polyethylenimine (PEI) 404, 416, 418
polyhydroxyalkanoates (PHAs)

179–180
polymerization process 52, 104,

237–238, 247–248, 254, 283,
342–343, 372, 378

polymer-to-monomer method
120–121

polymethyl-vinylsiloxanes 249
polyselenoureas 13
polysiloxane-based hyperbranched

poly(thioether)s 150, 151
polysiloxanes 150–151, 249
polystyrene-block-poly(propylene

monothiocarbonate)-block-
polystyrene (PS-b-PPMTC-b-PS)
123

polysulfide anions 2–3, 5, 9, 11
polysulfonylamides 2
polysulfonylimines 2
polytetramethylene glycol (PTMG)

356–358
polythiazyl 191–192, 197
polythioamides 2–3, 5–6, 9–11, 30, 32,

34, 320, 322
polythioesters 172

aliphatic polythioesters 179–185
aromatic polythioesters 172–174
definition 172
poly(ethylene terephthalate) (PET)

172
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polythioesters (contd.)
semi-aromatic polythioesters 174

polythioethers 1, 2, 34, 113, 155, 248,
321

polythiophenes 265, 267
biological applications 288–290
OLED 287–288
organic photovoltaics 286–287
OTFT 285–286
synthesis of 268

polythioureas 2, 11–13, 30, 31, 34,
63–69

polyurethanes (PU) 40, 66, 90, 152,
154, 204, 327, 340–341, 356–357

potassium dichromate (K2Cr2O7) 268,
279

potassium thioacetate 244, 253
primary diamines 8, 26, 27, 194
prism-coupling method 309
pristine polythiophene chain 288
1,2-propanediol 123
propargyl methacrylate 26, 27
propylene oxide (PO) 40, 52, 58–59,

89–91, 93, 95, 98, 100–102,
104–106, 109–110, 114–115, 117,
123, 125, 177–178

propylene sulfide 44–49, 115, 121,
185, 342, 402

N-protected isatins 18
α-protons 266
pyridine 5, 64, 65, 109, 354–355, 362
2-pyridothione 378
pyridyl-disulfide (Py-Ds) 378, 380
pyridyldisulfide ethylacrylamide 249

q
quaternary onium salts 98, 101, 107,

174

r
radical polymerization mechanism

342
radical thiol-ene polymerization 246
radical-initiated thiol-ene click reaction

148–149, 151

radical-initiated thiol-yne click
polymerization 154–156, 165

reactive oxygen species (ROS) 289,
360, 368, 413

redox equilibrium 339
redox-responsive nano-assemblies 413
reduction-responsive

disulfide-containing polymers
disulfide-containing topological

polymers 395–415
disulfide linkages 395, 396

regioirregular poly(3-alkylthiophene)
267

regioregularity (rr) 46, 100, 268–269,
277, 285, 289–290

reversible addition-fragmentation chain
transfer polymerization (RAFT)
176, 237, 342–343, 395

reversible deactivation radical
polymerization (RDRP)
techniques 164, 237–238

reversible-activation
fragmentation-transfer radical
(RAFT) polymerization
176–177, 237–238, 244–247, 249,
256, 342–344, 362, 395, 404, 413

Rh(I)/NHC-catalyzed thiol-yne click
polymerization 165

Rh(PPh3)3Cl-catalyzed thiol-yne click
polymerizations 158–159, 165

rhodamine 222, 224
rhodium complex 44
ring opening metathesis polymerisation

(ROMP) 245
ring walking 272
ring-opening polymerization (ROP)

73–74, 89, 102, 109–110,
113–115, 117, 120, 123, 177, 179,
181–184, 186, 237, 247–248, 328,
340, 345, 346, 348, 362, 374–376,
378, 383, 395–396, 416

s
salicylic aldehyde 211–213
selenium 13, 339–363
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selenium carbene-containing (C=Se)
monomer 340

selenium-containing compounds 339,
343–344, 362

selenium-containing dynamic materials
selenium-containing elastomer

356–359
selenium-containing nanomaterials

360–362
selenium-containing

surface/interface materials 360
selenium-containing dynamic polymers

covalent chemistry 348–356
diselenide bond 348–352
Se–N bond 353–356
Se–S bond 351, 353
Se–Te bond 351, 353, 354

synthesis of
dendrimer 345–348
hyperbranched

selenium-containing polymer
345–348

radical polymerization 342–345
ring-opening polymerization 345,

346
step growth polymerization

340–341
selenium-containing poly(vinyl

sulfone) 20, 21
selenolactone 345, 346
γ-selenobutyrolactone 345, 346
self-healing polythiourea 67
self-organizing surface-initiated

polymerization (SOSIP)
377–378, 388

semi-aromatic polythioesters 174–179
sequence-regulated poly(ester-amine)s

2
shell-crosslinked (SCL) micelles 413,

414
shell-crosslinked knedel-like (SCK)

particles 405
side-chain poly(sulfenamide) derivative

195
silyl-free analogues 207

N-silylsulfonimidates 206–207
N-silylsulfonimidoyl chloride

derivatives 206
N-silylsulfonimidoyl chlorides 207
single molecule force spectroscopy

(SMFS) 348
sodium hydrogen selenide (NaHSe)

341, 344–346
sol-gel phase-transition 415
solid polymer electrolytes (SPEs) 124,

133, 135
solid-state polymerization (SSP) 266,

280–283, 290
Sonogashira coupling reaction 22, 25
step polymerization 147, 202
E-stereoregular poly(vinylene sulfide)s

158
Z-stereoregular poly(vinylene sulfide)s

157
Stille coupling method 273, 275–276
N-substituted cis-4-thio-L-proline

thiolactone (NR-PTL) 184
sugar thiol 370
sugar-based poly(β-thioether ester)

152
sulfenamides 193–196, 223, 227
sulfenyl thiocarbonate 376
sulfonamides 31, 193–194, 222
N-sulfonylamide 16, 209, 211
N-sulfonyl amide structures 16
N-sulfonylamidine derivatives 221
sulfonyl azides 2, 13–20, 22, 26–28, 34,

208–219, 221
sulfonyl hydrazides 2, 20, 34
sulfonylimidate formation 207
sulfur 1–34, 58–60, 82, 110–113,

147–165, 171, 191–229, 305–334
sulfur transfer reagents 196–198
sulfur-containing polymers 147–165,

305–334
MCP 1–34

sulfur-nitrogen polymers
biomedical applications 221–225
energy storage applications 228–229
flame retardants 227–228
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sulfur-nitrogen polymers (contd.)
metal-ion detection 225–227
poly(aminodisulfide)s 200–201
poly(diaminodisulfide)s 201–205
poly(oxothiazene)s 205–207
poly(sulfenamide)s 192–196
poly(sulfonylimidate)s 207–213

sulfur-nitrogen-phosphorous polymers
192

sulfur-selenium hybrid polymers 332
supramolecular anion 107–110, 138
surface patterning of materials 358
sustainable chemical recycling 180
Suzuki coupling method 273–275, 290
swelling-induced

mechanophotopatterning
358–359

t
tail-to-tail (TT) 93, 267, 272, 276
template direct synthesis (TDS)

183–184
terephthalaldehyde 3
terephthaloyl chloride 174, 247, 340
terephthaloyl dichloride 25
terpolymerization process 132
tetrabutylammonium chloride 45, 174
tetraethylenepentamine-grafted

polycation 404
tetrahydrofuran (THF) 18, 22, 46, 74,

91, 117, 150, 151, 159–161, 164,
181, 184, 209–211, 218, 271, 272,
275, 341

2,2,6,6-tetramethylpiperidine-1-sulfanyl
(TEMPS) dimers 203–204

tetraphenylethene (TPE) fluorogen
399

tetraphenylethene-containing diyne
25, 28

tetrathiaanthracenes 315
tetrathioester initiator 255
tetrathioterephthalic acid 173, 175
tetravinyl tin (TVSn) 333
thermogravimetric analysis (TGA)

203, 205, 213, 218, 242

thermoplastic aliphatic polythioesters
179

thermoplastic elastomer 154
thermoplastic polyurethane elastomers

152
thermosensitive triblock copolymer

413
thermotropic liquid crystal polymers

(TLCPs) 175
thio-Michael addition 248
thiaanthracenes 315
thiiranes (episulfides) synthesis

41–44, 74
ε-thiocaprolactone 181–182, 247–248
1,1′-thiocarbonyldiimidazole 11, 66
𝛽-thiolactone 181
γ-thiolactones 248
ε-thionocaprolactone 181–183
N-thiosuccinimides 197
thio(meth)acrylates 237–239, 321, 323
thio-thioester exchange 184
thioactone 26, 27
thioamide 3, 5–7, 9, 30, 31
thioamide moieties 5, 7
thiobenzamide 7
thioester functionalized cyclopentene

monomer 237, 242
thioesters 172

acid-catalyzed S acetylation 236
acrylics, vinyls, and cyclic monomers

237
acyl compound, esterification

reactions of 236
amidation process 236
categorization 238
chain end of polymer 246–247
monomer side chain 238
monomer, initiator, CTAs 239, 240
polymerization process 247–249
post-modification approach

249–251
post-polymerisation modification

251–254
thioester functionalities 237

Thiokol method 370



Index 445

thiol 22–28, 147–165, 376, 378–381
thiol-based click polymerization

base-mediated thiol-yne click
polymerization 156–157

metal-catalyzed thiol-yne click
polymerization 157–159

radical-initiated thiol-ene click
polymerization 148–151

radical-initiated thiol-yne click
polymerization 154–156

radical-mediated click
polymerization 148

spontaneous thiol-yne click
polymerization 159

thiol-ene Michael addition click
polymerization 151–154

thiol-epoxy click reaction 160–163
thiol-isocyanate click polymerization

163–164
thiol-Michael addition click

polymerization 148
thiol-disulfide exchange reaction

377–381, 388, 394, 395, 406–407,
410, 420

thiol-isocyanate click polymerization
163–164

thiol-maleimide click polymerization
152, 154

thiol-maleimide thermoplastic
elastomer 154

thiol-Michael addition reaction 26,
148

thiolactones (TLs) 26–27, 242
amide 242
derived vinyl monomers 243
isocyanate 242
monomer 183–184

thiomethacrylates 242, 244
thionolactone monomer 177
thiophene rings 25, 266–267, 272–273,

278, 280, 282, 286
thiophene’s β-position 265–266, 280
thiophene-based polymers 265–266

development of synthetic methods

electrochemical polymerization
266–269

oxidative polymerization
266–269

transmetalation polymerization
269–278

polymerization methods
acid-catalyzed polymerization

283–284
photoinitiated polymerization

278–280
solid-state polymerization

280–282
thiophenol 196, 254
thiophosgene 11
thiosulfinate 194
thiosulfone containing polyamides

320
thiourea 11–12, 30, 31, 53, 68–69,

104–107, 109, 183
thiourea-organic base pairs 104–107
toluene diisocyanate (TDI) 341, 356
4-tolylacetylene 44
transesterification 107, 109, 177, 249,

325
transmetalation polymerization

polymerization with Ni catalysis
269–273

polymerization with pd catalysis
273–278

direct arylation method 276–278
Stille coupling method 275–276
Suzuki coupling method 274–275

transthioamidation 7, 9
1,5,7-triazabicyclo[4.4.0]dec-5-ene

(TBD) 73, 95, 97–98, 107, 117,
120, 157, 158, 165

1,2,4-trichlorobenzene (TCB) 120
triethyl borane (TEB)/organic bases

97–101, 132
triethylamine (TEA) 14, 16–18, 22,

152, 161, 163–164, 184, 200, 209,
211, 215, 348, 372, 376

trifluoroacetic acid 284, 355
4,4′-trimethylene dipiperidine 3, 396
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triphenylsulfonium 280
tris (2-carboxyethyl) phosphine (TCEP)

367, 413
tris(benzyltriazolylmethyl) amine 14
trithiocarbonate 45–48, 50, 52,

57–58, 60, 62–63, 74, 113, 117,
132, 326

TT-connection thiophene dimer 272
turnover frequencies (TOFs) 52, 91,

93–96, 101–102, 104–106, 108,
110, 117, 177

two-photon bioimaging 418–419

v
𝛿-valerolactone 182–183
value-added poly(aryl ether sulfone)s

121
Van der Waals radius 310–311
vanadium(III) acetylacetonate 268

vascular endothelial growth factor
(VEGF) 418

vinyl polymerization 346, 347
volume phase-transition 415

w
Willgerodt–Kindler reaction 3–5

x
X-ray crystallography 48, 211
D-xylose-derived diols 73
m-xylylenediamine 7, 65
p-xylylenediamine 3, 7, 9

z
Zinc-cobalt(III) double-metal cyanide

(DMC) complex 51–52, 89–93
zwitterionic conjugated polyelectrolytes

288–289


















